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The first edition of Handbook of Evidence-Based Radiation Oncology 
was extremely successful and well received by the worldwide oncol-
ogy community. In the second edition, we have kept the same concise 
format in order to remain a practical quick reference guide. Yet we 
have also added new content and features based on the valuable feed-
back from readers. All chapters have been revised and include the 
latest key studies and radiotherapy techniques. Color figures are 
included for the first time. Three new chapters have been written, 
including management of the neck and unknown  primary of the head 
and neck, urethral cancer, and clinical  radiobiology and physics. An 
appendix on use of IV contrast has been added as well.

We are particularly pleased that our second edition includes the 
newly published 2010 AJCC and 2008 FIGO staging systems. We rec-
ognize that there will be a transition period in which the previous 
staging systems will continue to be widely used. For this reason and 
at the AJCC’s specific demand, the previous staging systems are 
included as well.

We have again strived to maintain a balance of including the most 
important information for practitioners while also limiting the size of 
the handbook so that it did not become a full-sized textbook. As 
before, we strongly encourage readers to refer to the primary litera-
ture for further details and references not included here. Although 
this handbook provides treatment algorithms and suggestions, it 
remains the professional responsibility of the practitioner, relying on 
experience and knowledge of the patient, to determine the best treat-
ment for each individual.

We are grateful to all the contributing authors, including multiple 
new ones, for their hard work and dedication. We believe Handbook 
of Evidence-Based Radiation Oncology will continue to be an invalu-
able resource for students, resident physicians, fellows, and other 
practitioners of radiation oncology.

Preface to the 2nd Edition



viii Preface to the Second edition

Last, we owe special thanks to our families for their patience dur-
ing our work on this new edition.

Eric K. Hansen Portland, OR
Mack Roach, III San Francisco, CA
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Management of patients in radiation oncology is constantly evolving 
as the medical literature continues to grow exponentially. Our prac-
tices have become increasingly evidence-based. In this setting, it is 
critical to have a practical and rapid reference. The Handbook of 
Radiation Oncology is designed with this purpose in mind.

Each clinical chapter is organized in a concise manner. First, 
important “pearls” of epidemiology, anatomy, pathology, and presen-
tation are highlighted. The key facets of the work-up are then listed 
followed by staging and/or risk classification systems. Treatment rec-
ommendations are provided based on stage, histology, and/or risk 
classification. Brief summaries of key trials and studies provide the 
rationale for the treatment recommendations. Practical guidelines for 
radiation techniques are described. Finally, complications of treat-
ment and follow-up guidelines are listed.

This handbook grew out of a practical need for a rapid reference for 
students, resident physicians, fellows, and other practitioners of radia-
tion oncology. To be concise and portable, we limited the potential 
pages and pages of references that could have been included in the 
handbook (so that it did not become a textbook). Numerous sources 
were used to compile the information in each chapter, including the 
primary literature, each of the outstanding radiation oncology refer-
ence books (Textbook of Radiation Oncology, Principles and Practice of 
Radiation Oncology, Radiation Oncology Rationale Technique Results, 
Clinical Radiation Oncology, and Pediatric Radiation Oncology), the 
National Comprehensive Cancer Network Guidelines (at www.nccn.
org), the National Cancer Institute’s Physician Data Query Cancer 
Information Summaries (at www.cancer.gov), the American Society 
for Therapeutic Radiology and Oncology Annual Meeting Educational 
Sessions, and the notes of the radiation oncology residents at UCSF. 
Because a lengthy book could easily be written for many of the indi-
vidual chapters, readers are encouraged to refer to the primary litera-
ture and the sources listed above for further details and references not 
listed in this handbook.

Preface to the Ist Edition



x Preface to the firSt edition

The handbook provides guidelines and suggestions, but it cannot 
replace the experience of clinicians skilled in the art of radiation 
oncology. It is the professional responsibility of the practitioner, rely-
ing on experience and knowledge of the patient, to determine the best 
treatment for each individual. Moreover, changes in care may become 
necessary and appropriate as new research is published, clinical expe-
rience is expanded, and/or changes occur in government regulations.

We thank all the contributors for their hours of hard work. We owe 
them a debt of gratitude for their excellent chapters and their prompt-
ness that made the task of editing this handbook much easier.

Eric K. Hansen Portland, OR
Mack Roach, III San Francisco, CA
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I
Chapter 1

Skin Cancer

Tania Kaprealian, James Rembert, Lawrence W. Margolis,  
and Sue S. Yom

Common Skin CarCinomaS
PEARLS

Basal cell carcinoma (BCC) and squamous cell carcinoma (SCC) JJ

of skin are the most common malignancies in the US.
Greater than one million unreported cases of BCC and SCC JJ

occur annually.
Main histologic types: BCC (65%), SCC (35%), adnexal (5%), JJ

melanoma (1.5%).
More common in men (4:1).JJ

Median age: 68 (SCC and BCC).JJ

Most common predisposing factor: UV exposure.JJ

Other predisposing factors: chronic irritation, trauma, occupa-JJ

tional exposure, genetic disorders (phenylketonuria, basal cell 
nevus syndrome [Gorlin’s], xeroderma pigmentosum, giant 
congenital nevi), immunosuppression (drug-induced, leuke-
mia/lymphoma, HIV).
Common routes of spread: lateral and deep along path of least JJ

resistance, perineural invasion (60–70% are asymptomatic), 
and regional LN.

JJ Basal cell carcinoma.
Pathologic subtypes: nodulo-ulcerative (50%), superficial JJ

(33%), morpheaform (sclerosing), infiltrative, pigmented, 
fibroepithelial tumor of Pinkus, and basosquamous (rare, 
almost always on face, metastatic rate same as SCC).
Only 0.1% perineural spread (mostly with recurrent, locally JJ

advanced, after irradiation failure), and “skip areas” common.
Most common CN affected: V and VII.JJ

Grow very slowly and <0.01% metastasize (regional LN JJ

(66%) > lung, liver, bones (20%)).
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JJ Squamous cell carcinoma.
Pathologic subtypes: JJ Bowen’s disease (CIS) grows slowly as a 
sharply demarcated plaque, and is treated with surgery, cry-
otherapy, topical 5-FU, or RT (40 Gy/10 fx). Erythroplasia of 
Queyrat is Bowen’s of the penis. Marjolin’s Ulcer is SCC within 
a burn scar. Verrucous carcinoma is low grade, exophytic, 
and often anogenital, oral, or on the plantar surface of the 
foot. Spindle cell presents most commonly on sun-exposed 
areas of whites >40-year old.
Approximately 7% PNI (associated with nodal involvement JJ

and base of skull invasion).
Nodal involvement.JJ

Well differentiated: 1%.JJ

Poorly differentiated, recurrent, >3 cm greatest dimen-JJ

sion, >4 mm depth, or located on lips: 10%.
Located on burn scars/osteomyelitic site: 10–30%.JJ

Distant Mets: 2% to lung, liver, bones.JJ

Factors that determine distant mets: anatomic site, dura-JJ

tion and size of lesion, depth or dermal invasion, and 
degree of differentiation.

SCC originating from normal appearing skin vs.  sun-damaged JJ

skin appears to invade more rapidly and has greater inci-
dence of metastases.

JJ Adnexal and eccrine carcinomas of the skin are more aggressive 
than SCC with propensity for nodal and hematogenous 
spread.

JJ Melanoma and Merkel cell carcinomas will be briefly  discussed 
after the following discussion of SCC/BCC.

WORKUP
H&P. Palpate for nonsuperficial extent of tumor. For head/face JJ

lesions, do a detailed CN exam. Evaluate regional LN.
Biopsy.JJ

CT or MRI for suspected nodal involvement. MRI if PNI sus-JJ

pected, and for lesions of medial/lateral canthi, to rule out orbit 
involvement. CT is useful to rule out suspected bone invasion.



5cHaptER 1: skin cancER

I
S

T
A

G
IN

G
: N

O
N

M
E

L
A

N
O

M
A

 S
K

IN
 C

A
R

C
IN

O
M

A
E

di
to

rs
’ n

ot
e:

 A
ll

 T
N

M
 s

ta
ge

 a
n

d
 s

ta
ge

 g
ro

u
p

s 
re

fe
rr

ed
 t

o 
el

se
w

h
er

e 
in

 t
h

is
 c

h
ap

te
r 

re
fl

ec
t 

th
e 

20
02

 A
JC

C
 s

ta
gi

n
g 

n
om

en
-

cl
at

u
re

 u
n

le
ss

 o
th

er
w

is
e 

n
ot

ed
 a

s 
th

e 
n

ew
 s

ys
te

m
 b

el
ow

 w
as

 p
u

b
li

sh
ed

 a
ft

er
 t

h
is

 c
h

ap
te

r 
w

as
 w

ri
tt

en
.

(A
JC

C
 6

T
h

 E
d

., 
20

02
)

P
ri

m
ar

y 
tu

m
o

r 
(T

)
T

X
: 

 P
ri

m
ar

y 
tu

m
or

 c
an

n
ot

 b
e 

as
se

ss
ed

T
0:

 
N

o 
ev

id
en

ce
 o

f 
pr

im
ar

y 
tu

m
or

Ti
s:

 
C

ar
ci

n
om

a 
in

 s
it

u
T

1:
 

 Tu
m

or
 

2 
cm

 
or

 
le

ss
 

in
 

gr
ea

te
st

 
d

im
en

si
on

T
2:

 
 Tu

m
or

 
m

or
e 

th
an

 
2 

cm
, 

b
u

t 
n

ot
  

m
o

re
 

th
an

 
5 

cm
, 

in
 

gr
ea

te
st

 
d

im
en

si
on

T
3:

 
 Tu

m
or

 m
or

e 
th

an
 5

 c
m

 i
n

 g
re

at
es

t 
d

im
en

si
on

T
4:

 
 Tu

m
or

 
in

va
d

es
 

d
ee

p
 

ex
tr

a d
er

 m
al

 
st

ru
ct

u
re

s 
(i

.e
., 

ca
r t

il
ag

e,
 

sk
el

et
al

 
m

u
sc

le
, o

r 
b

on
e)

R
eg

io
na

l l
ym

ph
 n

o
de

s 
(N

)
N

X
:  N

o
 

re
gi

o
n

al
 

ly
m

p
h

 
n

od
e 

m
et

as
ta

si
s 

ca
n

 
b

e 
as

se
ss

ed
N

0:
  N

o 
re

gi
on

al
 

ly
m

p
h

 
n

od
e 

m
et

as
ta

si
s

N
1:

  R
eg

io
n

al
 

ly
m

p
h

 
n

o
d

e 
m

et
as

ta
si

s

d
is

ta
nt

 m
et

as
ta

si
s 

(M
)

M
X

:  D
is

ta
n

t 
m

et
as

ta
si

s 
ca

n
n

ot
 

be
 a

ss
es

se
d

M
0:

  N
o 

di
st

an
t 

m
et

a s
ta

si
s

M
1:

 D
is

ta
n

t 
m

et
as

ta
si

s

N
ot

e:
 I

n
 c

as
e 

of
 m

u
lt

ip
le

 s
im

u
l t

an
eo

u
s 

tu
m

or
s,

 t
h

e 
tu

m
or

 w
it

h
 t

h
e 

h
ig

h
es

t 
T

 c
at

eg
or

y 
w

il
l 

b
e 

cl
as

si
fi

ed
 a

n
d

 t
h

e 
n

u
m

b
er

 o
f 

se
p

ar
at

e 
tu

m
or

s 
w

il
l 

b
e 

in
d

ic
at

ed
 i

n
 p

ar
en

th
es

es
, e

.g
., 

T
2 

(5
).

P
ri

m
ar

y 
tu

m
o

r 
(T

)*
T

X
: 

P
ri

m
ar

y 
tu

m
or

 c
an

n
ot

 b
e 

as
se

ss
ed

T
0:

 
N

o 
ev

id
en

ce
 o

f 
p

ri
m

ar
y 

tu
m

or
Ti

s:
 

C
ar

ci
n

om
a 

in
 s

it
u

T
1:

 
 Tu

m
or

 2
 c

m
 o

r 
le

ss
 i

n
 g

re
at

es
t 

d
im

en
si

on
 w

it
h

 l
es

s 
th

an
 t

w
o 

h
ig

h
-

ri
sk

 f
ea

tu
re

s*
*

T
2:

 
 Tu

m
or

 g
re

at
er

 t
h

an
 2

 c
m

 i
n

 g
re

at
es

t 
d

im
en

si
on

 o
r 

Tu
m

or
 a

n
y 

si
ze

 
w

it
h

 t
w

o 
or

 m
or

e 
h

ig
h

-r
is

k 
fe

at
u

re
s*

T
3:

 
 Tu

m
or

 w
it

h
 i

n
va

si
on

 o
f 

m
ax

il
la

, m
an

d
ib

le
, o

rb
it

, o
r 

te
m

p
or

al
 b

on
e

T
4:

 
 Tu

m
or

 
w

it
h

 
in

va
si

on
 

of
 

sk
el

et
on

 
(a

xi
al

 
or

 
ap

p
en

d
ic

u
la

r)
 

or
 

p
er

in
eu

ra
l 

in
va

si
on

 o
f 

sk
u

ll
 b

as
e

*N
ot

e:
 E

xc
lu

d
es

 c
S

C
C

 o
f 

th
e 

ey
el

id
**

H
ig

h
-r

is
k 

fe
at

u
re

s 
fo

r 
th

e 
p

ri
m

ar
y 

tu
m

or
 (

T
) 

st
ag

in
g

D
ep

th
/i

n
va

si
on

: >
2 

m
m

 t
h

ic
kn

es
s,

 C
la

rk
 l

ev
el

 ³
IV

, P
er

in
eu

ra
l 

in
va

si
on

.
A

n
at

om
ic

 l
oc

at
io

n
: P

ri
m

ar
y 

si
te

 e
ar

, P
ri

m
ar

y 
si

te
 n

on
h

ai
r-

b
ea

ri
n

g 
li

p
.

D
if

fe
re

n
ti

at
io

n
: P

oo
rl

y 
d

if
fe

re
n

ti
at

ed
 o

r 
u

n
d

if
fe

re
n

ti
at

ed
.

R
eg

io
na

l l
ym

ph
 n

o
de

s 
(N

)
N

X
: 

R
eg

io
n

al
 l

ym
p

h
 n

od
es

 c
an

n
ot

 b
e 

as
se

ss
ed

N
0:

 
N

o 
re

gi
on

al
 l

ym
p

h
 n

od
e 

m
et

as
ta

se
s

N
1:

 
 M

et
as

ta
si

s 
in

 a
 s

in
gl

e 
ip

si
la

te
ra

l l
ym

p
h

 n
od

e,
 3

 c
m

 o
r 

le
ss

 in
 g

re
at

es
t 

d
im

en
si

on
N

2:
 

 M
et

as
ta

si
s 

in
 a

 s
in

gl
e 

ip
si

la
te

ra
l 

ly
m

p
h

 n
od

e,
 m

or
e 

th
an

 3
 c

m
 

b
u

t 
n

ot
 m

or
e 

th
an

 6
 c

m
 i

n
 g

re
at

es
t 

d
im

en
si

on
; 

or
 i

n
 m

u
lt

ip
le

 
ip

si
la

te
ra

l l
ym

p
h

 n
od

es
, n

ot
 m

or
e 

th
an

 6
 c

m
 i

n
 g

re
at

es
t 

d
im

en
si

on
; 

or
 i

n
 b

il
at

er
al

 o
r 

co
n

tr
al

at
er

al
 l

ym
p

h
 n

od
es

, n
ot

 m
or

e 
th

an
 6

 c
m

 i
n

 
gr

ea
te

st
 d

im
en

si
on

co
nt

in
ue

d

(A
JC

C
 7

T
h

 E
d

., 
20

10
)

S
ta

ge
 g

ro
up

in
g

0:
 

Ti
sN

0M
0

I:
 

T
1N

0M
0

II
: 

T
2–

3N
0M

0
II

I:
 

T
4N

0M
0,

 A
n

yT
N

1M
0

IV
: 

M
1

~5
-Y

ea
r 

lo
ca

l c
o

nt
ro

l
A

ll
 c

om
er

s:
 M

oh
s 

99
%

, o
th

er
 

tx
 ~

90
%

R
T

 f
or

 S
C

C
: T

1 
98

%
, T

2 
80

%
, 

T
3 

50
%

R
T

 
fo

r 
B

C
C

: 
u

p
 

to
 

5–
10

%
 

b
et

te
r 

th
an

 S
C

C

U
se

d
 w

it
h

 t
h

e 
p

er
m

is
si

on
 f

ro
m

 t
h

e 
A

m
er

ic
an

 J
oi

n
t 

C
om

m
it

te
e 

on
 C

an
ce

r 
(A

JC
C

),
 C

h
ic

ag
o,

 I
L

. 
T

h
e 

or
ig

in
al

 s
ou

rc
e 

fo
r 

th
is

 m
at

er
ia

l 
is

 t
h

e 
A

JC
C

 
C

an
ce

r 
S

ta
gi

n
g 

M
an

u
al

, 
S

ix
th

 
E

d
it

io
n

 
(2

00
2)

, 
p

u
b

li
sh

ed
 

b
y 

S
p

ri
n

ge
r 

S
ci

en
ce

+
B

u
si

n
es

s 
M

ed
ia

.



6 Handbook of EvidEncE-basEd Radiation oncology
N

2a
: 

 M
et

as
ta

si
s 

in
 a

 s
in

gl
e 

ip
si

la
te

ra
l 

ly
m

p
h

 n
od

e,
 m

or
e 

th
an

 3
 c

m
 b

u
t 

n
ot

 m
or

e 
th

an
 6

 c
m

 i
n

 g
re

at
es

t 
d

im
en

si
on

N
2b

: 
 M

et
as

ta
si

s 
in

 m
u

lt
ip

le
 i

p
si

la
te

ra
l 

ly
m

p
h

 n
od

es
, n

ot
 m

or
e 

th
an

 6
 c

m
 

in
 g

re
at

es
t 

d
im

en
si

on
N

2c
: 

 M
et

as
ta

si
s 

in
 b

il
at

er
al

 o
r 

co
n

tr
al

at
er

al
 ly

m
p

h
 n

od
es

, n
ot

 m
or

e 
th

an
 

6 
cm

 i
n

 g
re

at
es

t 
d

im
en

si
on

N
3:

 
 M

et
as

ta
si

s 
in

 a
 l

ym
p

h
 n

od
e,

 m
or

e 
th

an
 6

 c
m

 i
n

 g
re

at
es

t 
d

im
en

si
on

d
is

ta
nt

 m
et

as
ta

si
s 

(M
)

M
0:

 N
o 

d
is

ta
n

t 
m

et
as

ta
se

s
M

1:
 D

is
ta

n
t 

m
et

as
ta

se
s

A
na

to
m

ic
 s

ta
ge

/p
ro

gn
o

st
ic

 g
ro

up
s

0:
 

Ti
s 

N
0 

M
0

I:
 

T
1 

N
0 

M
0

II
: 

T
2 

N
0 

M
0

II
I:

 
T

3 
N

0 
M

0
 

T
1–

T
3 

N
1 

M
0

IV
: 

T
1–

T
3 

N
2 

M
0

 
T

 A
n

y 
N

3 
M

0
 

T
4 

N
 A

n
y 

M
0

 
T

 A
n

y 
N

 A
n

y 
M

1

U
se

d
 w

it
h

 t
h

e 
p

er
m

is
si

on
 f

ro
m

 t
h

e 
A

m
er

ic
an

 J
oi

n
t 

C
om

m
it

te
e 

on
 C

an
ce

r 
(A

JC
C

),
 C

h
ic

ag
o,

 I
L

. 
T

h
e 

or
ig

in
al

 s
ou

rc
e 

fo
r 

th
is

 m
at

er
ia

l 
is

 t
h

e 
A

JC
C

 
C

an
ce

r 
S

ta
gi

n
g 

M
an

u
al

, 
S

ev
en

th
 E

d
it

io
n

 (
20

10
),

 p
u

b
li

sh
ed

 b
y 

S
p

ri
n

ge
r 

S
ci

en
ce

+
B

u
si

n
es

s 
M

ed
ia

.



7cHaptER 1: skin cancER

I
TREATMENT RECOMMENdATIONS

Six major therapies: cryotherapy, curettage/electrodesiccation, che-JJ

motherapy, surgical excision, Mohs micrographic surgery, and RT

Treatment indicationsJJ

JJ Cryotherapy: small, superficial BCC, and well-differentiated SCC 
with distinct margins

JJ Curettage and electrodesiccation: same indications as cryotherapy, 
but typically not used for recurrences or cancers overlying scar tis-
sue, cartilage, or bone

JJ Chemotherapy

JJ Imiquimod or topical 5-FU: premalignant or superficial lesions 
confined to epidermis, or large superficial areas of actinic 
keratosis

JJ Systemic: not typically used but PR 60–70%, CR 30%

JJ Surgical excision: reconstructive advances have made more patients 
surgical candidates

JJ Mohs micrographic surgery: maximal skin sparing through staged 
micrographic examination of each horizontal and deep margin; if 
persistent positive margins or perineural invasion should be fol-
lowed by post-op RT

JJ RT: typically recommended for primary and recurrent lesions of the 
central face >5 mm (especially for the eyelids, tip/ala of the nose, 
and lips) and large lesions (>2 cm) on the ears, forehead, and scalp 
that would potentially have poor functional and cosmetic outcomes 
after Mohs

Positive margins after excisionJJ

One-third BCC recur if lateral margin + and >50% if deep margin+JJ

Most SCC recur at + margin and can recur loco-regionally with JJ

<50% salvage rate if LN+

Both types should be retreated with reexcision or radiotherapy if + JJ

margin. For SCC, retreatment should be done immediately

JJ Post-op RT indications: + margins, PNI of named nerve, >3 cm pri-
mary, extensive skeletal muscle invasion, bone/cartilage invasion, and 
SCC of the parotid

JJ Relative RT contraindications: age <50 (cosmetic results worsen over 
time), postradiation recurrences (suboptimal salvage rates with reir-
radiation – use Mohs), area prone to repeated trauma (dorsum of 
hand, bony prominence, belt line), poor blood supply (below knees/
elbows), high occupational sun exposure, impaired lymphatics, 
exposed cartilage/bone, Gorlin’s syndrome, CD4 count <200

continued



8 Handbook of EvidEncE-basEd Radiation oncology

RAdIATION TEChNIQUES
SIMULATION ANd fIELd dESIGN

Superficial/orthovoltage X-rays and megavoltage electrons are JJ

most commonly used to cure skin cancers.
Orthovoltage advantages: less margin on skin surface, less JJ

expensive than electrons, Dmax at skin surface, skin collimation 
with lead cutout (0.95 mm Pb for <150 kV beam; 1.9 mm Pb for 
>150 kV beam).
Most common orthovoltage energies: 50, 100, 150, 200, 250, JJ

300 kV; must specify filter/HVL.
Select an energy so that the 90% depth dose encompasses JJ

tumor (90% IDL: 50 kV [0.7 mm Al] ~1 mm; 100 kV [4–7 mm 
Al] ~5 mm; 150 kV [0.52 mm Cu] 1.0 cm).
Orthovoltage is not appropriate for >1 cm deep lesions.JJ

JJ f factor (roentgen-rad conversion): increases dramatically 
below 300 kV which can lead to much higher dose to tissue 
with high atomic number (e.g., bone). Thus, if carcinomas 
invade bone, megavoltage beams give a more  homogeneous 
distribution. There is little variation in dose delivered to carti-
lage, regardless of orthovoltage energy.
Must specify filtration (HVL’s) in orthovoltage beams; generally JJ

choose thickest filter providing a dose rate >50 cGy/min (Al 
typically for 50/100 kV and Cu for higher energy; now most 
machines provide only one filter per energy).
RBE of orthovoltage X-rays is 10–15% higher than RBE of JJ

megavoltage electrons/photons, so must raise daily and total 
doses by 10–15% with megavoltage electrons/photons com-
pared to suggested orthovoltage doses.
Lead shields should be used to block the lens, cornea, nasal JJ

septum, teeth, etc. as appropriate.
Backscattered electrons/photons can lead to conjunctival/JJ

mucosal irritation. For eyelids, thin coating of dental acrylic/
wax should be used; for other areas, a thicker coating should be 
applied.
General orthovoltage margins.JJ

Approximately 5-year local controlJJ

All comers: Mohs 99%, other treatment(tx)~90%JJ

RT for SCC: T1 98%, T2 80%, T3 50%JJ

RT for BCC: up to 5–10% better than SCCJJ
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I
Tumor size <2 cm = 0.5–1.0 cm horizontal margin; tumor JJ

size >2 cm = 1.5–2 cm horizontal margin. Deep margin should 
be at least 0.5 cm deeper than the suspected depth of tumor.
Additional margin is needed in these circumstances.JJ

JJ Electrons: lateral constriction of isodose curves in deep 
portion of tumor volume increases with decreasing field 
sizes, so add 0.5 cm additional margin at skin surface.

JJ Recurrent and morpheaform BCC: infiltrate more widely, 
so add extra 0.5–1.0 cm margin at skin surface.

JJ High-risk SCC: 2 cm margin around tumor should be used 
if possible, and consider including regional LN.

JJ PNI: if present, include named nerve retrograde to the 
skull base. Consider IMRT.

Nodal treatment should be considered for recurrences after JJ

surgery and is indicated for poorly differentiated, >3 cm 
tumors, and/or large infiltrative-ulcerative SCC; consider IMRT 
depending on anatomy.
Irradiation of a JJ graft should not begin until after it is well-
healed and healthy (usually 6–8 weeks), and the entire graft 
should be included in the target volume.

dOSE PRESCRIPTIONS (ORThOvOLTAGE)
Less than 2 cm: 3 Gy/fx to 45–51 GyJJ

>2 cm (no cartilage involvement): 2.5 Gy/fx to 50–55 GyJJ

>2 cm (cartilage involved): 2 Gy/fx to 60–66 GyJJ

For electrons, add 10–15% to the daily and total dose to account JJ

for lower RBE. While treating cartilage, always keep daily dose 
<3 Gy/fx
Prescription points: orthovoltage = JJ Dmax, electrons = Dmax or 95%

SPECIAL RECOMMENdATIONS bY ANATOMIC SITE
Dorsum of hand and feetJJ

Generally, avoid RT at these locations due to high risk of JJ

necrosis due to repeated trauma to the region. If £4 mm in 
thickness, radioactive surface molds can be used.
As a rule, lesions beyond elbow and knees are at risk of poor JJ

healing and ulceration after RT due to poor vascular supply, 
especially for elderly.

EyelidJJ

Surgery preferred for lesions 5 mm or less.JJ

Radiation is very effective for lesions 0.5–2 cm. With lead JJ

shielding, the lens dose is negligible as is the risk of 
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RT-induced cataracts. Ophthalmic anesthetic drops are 
applied prior to insertion of shield.
Ectropion/epiphora can occur regardless of treatment modal-JJ

ity. Fifty percent are improved with corrective surgery.
Mild conjunctivitis can occur due to the use of eye-shields JJ

and from RT.
Lacri-Lube ophthalmic ointment can improve burning/JJ

pruritis.
For tumors of 0.5–2 cm, recommended dose is 48 Gy/16 fx JJ

over 3.5 weeks with 100 kV/0.19 mmCu or equivalent.
LipJJ

RT/Mohs/surgery are all good options.JJ

Place lead shield behind lip to shield teeth/mandible.JJ

For tumors <2.0 cm, recommended dose is 48 Gy/16 fx JJ

using 150 kV X-rays with 0.52 mm Cu HVL or 6–9 MeV elec-
trons with appropriate bolus. Energy selection may vary 
depending on the depth of the lesion being treated, see 
above.
Include neck nodes if SCC recurrent, grade 3, >3 cm greatest JJ

dimension, or >4 mm thickness.
Nose and earJJ

Place wax covered lead strip in nose to prevent irritation.JJ

Include nasolabial fold for nasal ala lesions.JJ

Use wax bolus on irregular surfaces for homogeneity.JJ

For tumors 0.5–2.0 cm, recommended dose is 52.8 Gy/16 fx JJ

over 3.5 weeks with electrons or 45–51 Gy/15–17 fx using 
orthovoltage.
Selection of electron and orthovoltage energy will depend on JJ

the depth of the lesion, see above.

dOSE LIMITATIONS
Cartilage: chondritis rare if <3 Gy/day given.JJ

Skin: larger volumes of tissue do not tolerate radiation as well, JJ

and thus, require smaller daily fractions; moist desquamation 
is expected.
Bone: see JJ f factor discussion above.

COMPLICATIONS
Telangectasias, skin atrophy, hypopigmentation, skin necrosis JJ

(~3%), osteoradionecrosis (~1%), chondritis/cartilage necrosis 
(rare if fx <300 cGy/day), hair loss/ loss of sweat glands.
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I
fOLLOW-UP (AdAPTEd fROM NCCN 2009 RECOMMENdATIONS)

BCC: H&P, complete skin exam q6–12 months for lifeJJ

SCC localized: H&P q3–6 months for 2 years, then q6–12 JJ

months for 3 years, then q1 year for life
SCC regional: H&P q1–3 months for year 1, then q2–4 months JJ

for year 2, then q4–6 months for years 3–5, then q6–12 months 
for life

mErkEL CELL CarCinoma (mCC)
Rare, deadly (mortality rate > melanoma), neuroendocrine JJ

malignancy of the skin
No consensus on management due to lack of randomized data JJ

to compare treatment modalities
Prior to publication of the new AJCC 7th Ed staging (below), JJ

many institutions (including UCSF) use a simpler system: Stage 
I = localized (IA £2 cm; IB >2 cm); II = LN+; III = DM

STAGING (AJCC 7Th Ed., 2010): MERKEL CELL CARCINOMA

Primary tumor (T)
TX: Primary tumor cannot be assessed
T0:  No evidence of primary tumor (e.g., nodal/metastatic presentation without associated 

primary)
Tis: In situ primary tumor
T1: Less than or equal to 2 cm maximum tumor dimension
T2:  Greater than 2 cm, but not more than 5 cm maximum tumor dimension
T3: Over 5 cm maximum tumor dimension
T4: Primary tumor invades bone, muscle, fascia, or cartilage

Regional lymph nodes (N)
NX: Regional lymph nodes cannot be assessed
N0: No regional lymph node metastasis
cN0:  Nodes negative by clinical exam* (no pathologic node exam performed)
pN0: Nodes negative by pathologic exam
N1: Metastasis in regional lymph node(s)
N1a: Micrometastasis**
N1b: Macrometastasis***
N2: In-transit metastasis****

 *Note: Clinical detection of nodal disease may be via inspection, palpation, and/or imaging.
 **Micrometastases are diagnosed after sentinel or elective lymphade nectomy.
 ***Macrometastases are defined as clinically detectable nodal metastases confirmed by 
therapeutic lymphadenectomy or needle biopsy.
 ****In-transit metastasis: a tumor distinct from the primary lesion and located either (1) 
between the primary lesion and the draining regional lymph nodes or (2) distal to the primary 
lesion.

continued
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Local recurrences common (postsurgery alone ~75%, with JJ

adjuvant RT ~15%).
Approximately 20% have + LN at diagnosis, and sentinel LN biopsy JJ

is rapidly becoming the standard means of assessing nodal status 
and should be performed before resection of the primary site.
Distant metastases develop in 50–60% of cases, usually within JJ

10 months of diagnosis.
Role of chemotherapy is unclear, but with the high rate of DM, JJ

it is occasionally given either concurrently or after RT. Platinum-
based regimens similar to those for SCLC are commonly used 
(cisplatin or carboplatin with etoposide or irinotecan).
The UCSF approach to radiotherapy for MCC is as follows:JJ

Clinically N0 nodes: 45–50 Gy/1.8–2.0 Gy fxJJ

Microscopic disease/−margins: 45–50 Gy/1.8–2.0 Gy fxJJ

Microscopic disease/+ margins: 55–60 Gy/1.8–2.0 Gy fxJJ

Macroscopic disease: 55–60 Gy/1.8–2.0 Gy fxJJ

Cover primary site, in-transit lymphatics, regional LN with JJ

wide margins

distant metastasis (M)
M0: No distant metastasis
M1: Metastasis beyond regional lymph nodes
 M1a:  Metastasis to skin, subcutaneous tissues, or distant lymph nodes
 M1b: Metastasis to lung
 M1c: Metastasis to all other visceral sites

Anatomic stage/prognostic groups
Patients with primary Merkel cell carcinoma with no evidence of regional or distant 
metastases (either clinically or pathologically) are divided into two stages: Stage I for primary 
tumors £2 cm in size, and Stage II for primary tumors >2 cm in size. Stages I and II are further 
divided into A and B substages based on the method of nodal evaluation
Patients who have pathologically proven node negative disease (by microscopic evaluation 
of their draining lymph nodes) have improved survival (substaged as A) compared with 
those who are only evaluated clinically (substaged as B). Stage II has an additional substage 
(IIC) for tumors with extracutaneous invasion (T4) and negative node status, regardless 
of whether the negative node status was established microscopically or clinically. Stage 
III is also divided into A and B categories for patients with microscopically positive and 
clinically occult nodes (IIIA) and macroscopic nodes (IIIB). There are no subgroups of 
Stage IV Merkel cell carcinoma
0: Tis N0 M0
IA: T1 pN0 M0
IB: T1 cN0 M0
IIA: T2/T3 pN0 M0
IIB: T2/T3 cN0 M0
IIC: T4 N0 M0
IIIA: Any T N1a M0
IIIB: Any T N1b/N2 M0
IV: Any T Any N M1

Used with the permission from the American Joint Committee on Cancer (AJCC), Chicago, 
IL. The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010), published by Springer Science+Business Media.
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I
May consider eliminating RT to regional LN if small primary JJ

cancer with negative SLN, or if regional LND performed for 
positive SLN, but patient cN0
Margins on primary site = 2 cm in head and neck, 3–5 cm JJ

elsewhere depending on site
Three-year DSS for local/regional disease ~75%.JJ

Three-year OS: locailzed ~70–80%, nodal metastasis ~50–60%, JJ

distant metastasis ~30%.
Data suggest almost no MCC-related deaths occur after 3 years JJ

from diagnosis.

fOLLOW-UP (AdAPTEd fROM NCCN 2009 RECOMMENdATIONS)

q1–3 months for year 1, q3–6 months for year 2, then annually JJ

for life.

mELanoma
PEARLS

Incidence increased by 1,800% from the 1930s and increasing JJ

3.1% per year 1992–2004. Rising incidence not due to increased 
surveillance or changes in diagnostic criteria. 1/87 Americans 
will be diagnosed with melanoma.
Mainly Caucasians. Caucasian:African American: 10:1.JJ

62,480 new cases and 8,420 deaths from melanoma in 2008.JJ

Fifteen percent derive from preexisiting melanocytic nevi.JJ

Less than 10% develop in noncutaneous sites.JJ

Gender difference in predominant locations: M = trunk, JJ

F = extremities.
Approximately 15% have + LN at diagnosis (~5% for T1, ~25% JJ

for >T1).
Approximately 5% have DM at diagnosis (1/3 with no evidence JJ

of primary).
Subtypes: superficial spreading (~65%), nodular (~25%), len-JJ

tigo maligna (least common – 7%), acral lentiginous (5% in 
whites, but most common form in dark-skinned populations).
Lentigo maligna has the best prognosis with LN mets in only 10% JJ

cases, and 10-year OS 85% after WLE alone. Hutchinison’s 
freckle = lentigo maligna involving epidermis only.
Acral lentiginous generally presents on palms, soles, or JJ

subungual.
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Most powerful prognostic factor for recurrence and survival: JJ

sentinel LN status.
>20% chance of involved sentinel LN if melanoma is >2 mm JJ

thick.
JJ ³20% risk of regional recurrence in those with involved regional 
LN treated with surgery alone, especially with ECE or multiple 
LN involvement.
Other prognostic factors: ulceration, thickness (Breslow = mea-JJ

sured depth, Clark = related to histologic level of dermis), ana-
tomic site (trunk worse), gender (male worse), age (young 
better), number of nodes.
ABCD rule outlining warning signs of most common type  JJ

of melanoma: A – asymmetry, B – border irregularity, C – color, 
D – diameter > 6 mm.
Clark levels: I = epidermis only, II = invasion of papillary dermis JJ

(localized), III = filling papillary dermis compressing reticular 
dermis, IV = invading reticular dermis, V = invades subcutane-
ous tissues.

WORKUP

Less than 1 mm thick lesions – same as for SCC/BCCJJ

>1 mm thick lesions – need CBC, LFTs, CXR, evaluation of sus-JJ

picious nodes, pelvic CT if inguino-femoral adenopathy
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I
STAGING (AJCC 7Th Ed., 2010): MUCOSAL MELANOMA Of ThE 
hEAd ANd NECK

This is a new chapter for classification of this rare tumorJJ

TREATMENT RECOMMENdATIONS

PRIMARY

Surgery: SLN biopsy followed by WLE and completion of JJ

regional LN dissection if SLN+.
Minimum surgical margins: Tis = 5 mm, T1 = 1 cm, T2–T4 = 2 cm; JJ

retrospective studies suggest no benefit in LC, DFS, OS with 
>2 cm margins.
Primary RT rarely indicated with the exception of lentigo maligna JJ

melanomas on the face that would cause severe  cosmetic/ functional 
deficits with surgery. These can be treated with a 1.5 cm margin 
with 50 Gy/20fx with 100–250 kV photons. For medically inoper-
able patients, hyperthermia can improve response and local con-
trol, especially for tumors >4 cm [Overgaard].

AdJUvANT
N-, 1–4 mm without ulceration, JJ £1 mm with ulceration = none 
standard
Less than 4 mm with ulceration/Clark IV–V = clinical trial, if JJ

available, or observation

Primary tumor (T)
T3: Mucosal disease
T4a:  Moderately advanced disease. Tumor involving deep soft tissue, cartilage, bone, or 

overlying skin
T4b:  Very advanced disease. Tumor involving brain, dura, skull base, lower cranial nerves (IX, 

X, XI, XII), masticator space, carotid artery, prevertebral space, or mediastinal structures

Regional lymph nodes (N)
NX: Regional lymph nodes cannot be assessed
N0: No regional lymph node metastases
N1: Regional lymph node metastases present

distant metastasis (M)
M0: No distant metastasis
M1: Distant metastasis present

Anatomic stage/prognostic groups
III: T3 N0 M0
IVA: T4a N0 M0
 T3–T4a N1 M0
IVB: T4b Any N M0
IVC: Any T Any N M1

Used with the permission from the American Joint Committee on Cancer (AJCC), Chicago, 
IL. The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010), published by Springer Science+Business Media.
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>4 mm or N+ = high-dose interferon alpha, clinical trial, or JJ

observation
Consider RT to primary site: close or positive margins, recur-JJ

rent disease, Breslow >4 mm with ulceration or satellitosis, 
desmoplastic subtype (controversial)

REGIONAL NOdES
Elective lymph node dissection (ELND) is controversial. Four JJ

phase III RCTs have not shown a benefit in survival with ELND 
vs. delayed therapeutic lymphadenectomy. However, benefit has 
been seen in overall survival in certain patient subsets, i.e., 
patients £60 years, nonulcerative melanomas, tumors located on 
limbs, and melanomas 1–2 mm thick.
Sentinel lymph node biopsy, though does not have reported JJ

benefit in overall survival, has been accepted by the surgical 
community. Predicts survival and provides prognostic 
information.
Patients who are unable to undergo completion surgery due to JJ

medical comorbidities are candidates for elective nodal irradi-
ation which is superior to observation.
Predictors of regional recurrence after nodal dissection alone JJ

include extracapsular extension (“matted”), ³4 lymph nodes pos-
itive, lymph node size >3 cm in diameter, lymph nodes located in 
cervical basin, clinically palpable lymph nodes removed during 
a therapeutic resection vs. an elective dissection, and recurrent 
disease which increases the chance for recurrence.

Presence of 1 of these factors has a 30–50% rate of regional JJ

recurrence
Adjuvant RT reduces recurrence rate to 5–20%JJ

MD Anderson treatment algorithm for radiation of  clinically JJ

apparent lymph nodes.
Cervical nodes: presence of any 1 of the following – JJ

 extracapsular extension, >2 cm, >2 involved lymph nodes, 
recurrent disease
Axillary nodes: presence of any 1 of the following – extracap-JJ

sular extension, >3 cm, >4 involved lymph nodes, recurrent 
disease
Groin/pelvic nodes: higher threshold due to morbidity of JJ

lymphedema
BMI <25 kg/mJJ

2: presence of any 1 of the following – extra-
capsular extension, >3 cm, >4 involved lymph nodes, 
recurrent disease
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I
BMI >25 kg/mJJ

2: presence of extracapsular extension and 1 
of the following – >3 cm, >4 involved lymph nodes

STUdIES

JJ Interferon alpha: [ECOG 1684/1690/1694]. Three randomized 
trials established a role for high-dose IFN-a in T4/N+ patients. 
IFN-a provides ~10% absolute improvement in RFS, and pos-
sibly improves 5-year OS. Benefits not seen when high-dose 
IFN-a compared with low-dose [ECOG 1680] or GM2 ganglio-
side vaccine [ECOG 1694].

JJ Chemotherapy ± Biochemotherapy: E3695 Atkins et al. (2008): 
395 patients randomized to cisplatin, vinblastine, dacarbazine 
(CVD) alone or concurrent with interleukin-2 and interferon 
alfa-2b (BCT). Median PFS was longer for BCT group, 4.8 vs. 
2.9 months (p = 0.15). No difference in median OS, 9 vs. 8.7 
months. Greater grade 3 or higher toxicities with BCT than 
CVD, 95 vs. 73% (p = 0.001). Temozolomide is under investiga-
tion, but in a randomized phase III trial, did not show greater 
efficacy in Stage IV melanoma than the current standard, dac-
arbazine (EORTC 18032, 33rd ESMO, 2008).

JJ Monoclonal antibodies: phase I/II trials of tremelimumab and 
ipilimumab showing antitumor activity in patients with meta-
static melanoma.

JJ Melanoma vaccines: no randomized phase III trials demon-
strate a survival benefit, but multiple trials pending.

AdJUvANT RT
Ang et al. (JJ 1990): 83 patients with >1.5 mm thick primary or 
cN+ received 24–30 Gy in 4–5 fx with improved LC over his-
toric controls treated with surgery alone.
Ang et al. (JJ 1994). Phase II trial of adjuvant RT in H&N mela-
noma patients with a projected LRR rate 50%. Seventy-nine 
patients had WLE of a ³1.5 mm primary or Clark’s IV–V, 32 
patients had WLE and elective LND, and 63 patients had LND 
after neck relapse. RT was 6 Gy/fx given biweekly to 30 Gy over 
2.5 weeks. Results: 5-year LRC 88%, OS 47%. Five-year OS by 
pathologic parameters: £1.5 mm-100%, 1.6–4 mm 72%, >4 mm 
30%, >3 LN+ 23%, 1–3LN+ 39%. Minimal acute/late toxicity.
Chang et al. (JJ 2006): 56 patients with high-risk disease treated 
with hypofractionation, 30 Gy in five fractions (41 patients) or 
with conventional fractionation, median 60 Gy in 30 fractions 
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and 1 patient with b.i.d. fractionation (15 patients). No differ-
ence in LRC, OS, and CSS between two fractionation schemes. 
Two patients with severe late complications, osteoradionecro-
sis of temporal bone and xrt plexopathy, received hypofrac-
tionation.
TROG 96.06 (Burmeister JJ 2006): 234 N+ patients treated adju-
vantly with 48 Gy in 20 fractions. If involved margins, 50 Gy in 
21 fractions. Forty-seven percent were radiated to the axilla, 
33% to head and neck, 20% to ilio-inguinal. One patient 
received adjuvant interferon. At 5 years, infield regional relapse 
was 6.8%. Five-year OS 36%, PFS 27%, and regional control 
91%. Grade 3 lymphedema 9% in axillary RT patients and 19% 
in ilio-inguinal RT patients.

dEfINITIvE RT
RTOG 8305 (Sause IJROBP 1991) showed comparable clinical JJ

response for both 32 Gy in 4 fx vs. 50 Gy in 20 fx; however, this 
trial contained large tumors which were loosely size-stratified 
<5 cm vs. ³5 cm.

hYPERThERMIA

Overgaard et al. (JJ 1995): 70 patients with metastatic/recurrent 
melanoma randomized to 24 Gy or 27 Gy in 3 fx over 8 days alone 
or followed by hyperthermia (43°C for 60 min). HT improved LC 
(26→48%), as did 27 Gy LC (25→56%).

RAdIATION TEChNIQUES
SIMULATION ANd fIELd dESIGN

Target volume for primary lesion: primary site with a 2–4-cm JJ

margin.
Nodal target volume depends on primary site:JJ

Head and neck: preauricular, postauricular lymph nodes for JJ

high facial and scalp primaries, and ipsilateral levels I through 
V lymph nodes, including ipsilateral supraclavicular fossa.
Axilla: levels I through III lymph nodes. For bulky high axil-JJ

lary disease, include supraclavicular fossa and low cervical 
lymph nodes.
Groin: include entire scar and regions with confirmed nodal JJ

disease. In cases with positive inguinal lymphadenopathy, 
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may include external iliac lymph nodes; though, this will 
lead to increased toxicity.

dOSE PRESCRIPTIONS
No data to support the commonly held idea that melanoma is JJ

radioresistant
Radiobiologic data suggest that melanoma cell lines have large JJ

shoulder on dose-response curve favoring hypofractionation
Dose recommendations for SCC/BCC can be followed for treating JJ

melanoma, but hypofractionation approaches remain popular 
due to high reported LC rates
Treatment setup and doseJJ

Head and neck:JJ

Cervical disease: open neck position, treat with electronsJJ

Frontal, temporal, preauricular region, cheek: 2–3 fieldsJJ

Tissue bolus is used to reduce dose to temporal lobe and JJ

larynx
Elective/adjuvant RT dose: 6 Gy/fraction to 30 Gy deliv-JJ

ered twice weekly
If microscopic residual disease is present: an additional JJ

boost fraction is given for total dose of 36 Gy
Axilla: supine with treatment arm akimbo, AP/PAJJ

Dose: 6 Gy/fraction to 30 Gy delivered twice weeklyJJ

Groin: unilateral frog-leg positionJJ

Dose: 6 Gy/fraction to 30 Gy delivered twice weeklyJJ

Consider less hypofractionated schedule if morbidity is a JJ

major concern

dOSE LIMITATIONS
Dose to spinal cord or small bowel not to exceed 24 Gy over JJ

four fractions

COMPLICATIONS
Site dependent:JJ

Most sites: erythema, moist skin desquamationJJ

Late complications: thinning of subcutaneous fat with mild JJ

to moderate fibrosis
Postoperative lymphedema, particularly in patients with JJ

high body-mass index or treated with adjuvant RT to groin
Other late effects include osteitis or fracture, joint stiffness, JJ

and neuropathy
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fOLLOW-UP (AdAPTEd fROM NCCN 2009 RECOMMENdATIONS)

Stage IA – annual skin exam for life (directed H&P 3–12 months JJ

for 5 year then annually as clinically indicated)
Stage IB–III – q3–6 months × 2 years, q3–12 months × 2 years, JJ

then annually for life
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Chapter 2

Central Nervous System

Charlotte Dai Kubicky, Linda W. Chan, Stuart Y. Tsuji,  
Jean L. Nakamura, Daphne Haas-Kogan, and David A. Larson

INTRODUCTION
This chapter will discuss malignant glioma, low-grade glioma, JJ

brainstem glioma, optic glioma, CNS lymphoma, ependymoma, 
choroid plexus tumor, meningioma, acoustic neuroma, cranio-
pharyngioma, pituitary tumor, pineal tumor, medulloblastoma, 
primary spinal cord tumor, arteriovenous malformation, and 
trigeminal neuralgia. Brain metastases will be discussed in the 
palliative care chapter.

ANATOMY
Meninges (outer to inner) = dura mater JJ Æ arachnoid mater Æ 
subarachnoid space Æ pia mater.
Precentral gyrus = primary motor strip; postcentral gyrus = pri-JJ

mary somatosensory cortex. Medial = body, lower extremities, 
feet. Lateral = trunk, arms, head.
Brain gray matter is peripheral and white matter is central.JJ

Broca’s (motor) area = dominant frontal lobe just superior to JJ

lateral sulcus (Sylvian fissure) = site of expressive aphasia (com-
prehend but not fluent).
Wernicke’s (sensory) area = dominant temporal lobe at poste-JJ

rior end of lateral sulcus = site of receptive aphasia (fluent but 
not comprehend).
Diencephalon = thalamaus, hypothalamus, and pineal gland.JJ

Telencephalon = olfactory lobes, cerebral hemispheres, basal JJ

ganglia, amygdalae.
Mesencephalon = tectum, crus cerebri, superior and inferior JJ

colliculi, cerebral aqueduct.
Only CN IV exits from dorsal surface of midbrain.JJ

CSF: choroid plexus produces JJ Æ lateral ventricles Æ foramen 
of Monroe Æ third ventricle Æ cerebral aqueduct of Sylvius Æ 
fourth ventricle Æ foramen of Magendie and two lateral foram-
ina of Lushka.
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Caverous sinus contains CN III, IV, V1, V2, VI and the internal JJ

carotid artery. Cavernous involvement commonly produces CN 
VI palsy.
Tumors with a high propensity for CSF spread include medullo-JJ

blastomas, primitive neuroectodermal tumors (PNET), and 
CNS lymphoma. Germ-cell tumors and ependymomas have a 
lower propensity for CSF spread.
CN exits:JJ

Superior orbital fissure = CN III, IV, VI, V1JJ

Foramen rotundum = V2JJ

Foramen ovale = V3JJ

Foramen spinosum = middle meningeal artery and veinJJ

Internal auditory meatus = CN VII, VIIIJJ

Jugular foramen = CN IX, X, XIJJ

Hypoglossal canal = CN XIIJJ

Lateral plain film.JJ

Hypothalamus = 1 cm superior to sellar floor.JJ

Optic canal = 1 cm superior and 1 cm anterior to the JJ

hypothalamus.
Pineal body (supratentorial notch) = 1 cm posterior and 3 cm JJ

superior to external acoustic meatus.
Lens = 1 cm posterior to anterior eyelid, 8 mm posterior to line JJ

connecting lateral canthus. Median globe size = 2.5 cm.
Location of cribiform plate cannot always be correctly identi-JJ

fied with lateral plain film alone (Gripp et al. 2004).
Spinal cord.JJ

Thirty-one pairs of spinal nerves: 8 cervical, 12 thoracic, 5 lum-JJ

bar, 5 sacral, 1 coccygeal.
Spinal cord white matter is peripheral and gray matter is JJ

central.
Pia mater covers cord and condenses into dentate JJ

ligaments.
Arachnoid contains CSF (normal pressure 70–200 mm HJJ 2O 
lying down, 100–300 mm H2O sitting or standing, ~150 mg 
total volume).
Dura ends at S2.JJ

Cord ends at L1 in adults, conus ends at ~L2 in adults, cord JJ

ends ~L3–4 in newborns.

EPIDEMIOLOGY
Twenty-one thousand eight hundred and ten new malignant JJ

primary brain tumors and 13,070 deaths in the US in 2008.
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Malignant tumors comprise ~40% of all primary brain/CNS JJ

tumors.
Adult primary CNS tumors: 30–35% meningioma, 20% GBM, JJ

10% pituitary, 10% nerve sheath, 5% low-grade glioma, <5% 
anaplastic astrocytoma, <5% primary CNS lymphoma.
Of adult gliomas, ~80% are high-grade and ~20% are low-grade.JJ

Children: 20% of all pediatric tumors (second to ALL). Twenty JJ

percent JPA, 15–20% malignant glioma/GBM, 15% medullo-
blastoma, 5–10% pituitary, 5–10% ependymoma, <5% optic 
nerve glioma.
Possible etiologic associations: rubber compounds, polyvinyl JJ

chloride, N-nitroso compounds, and polycyclic hydrocarbons.
Prior ionizing RT has been associated with new meningiomas, JJ

gliomas, and sarcomas (~2% at 20-year).

GENETICS
NF-1: von Recklinghausen, chromosome 17q11.2, 1/3,500 live JJ

births, NF1 encodes neurofibromin, autosomal dominant, 50% 
germline, 50% new mutations, peripheral nerve sheath neuro-
fibromas, café au lait spots, optic and intracranial gliomas, and 
bone abnormalities.
NF-2: chromosome 22, 1/50,000 live births, JJ NF2 encodes mer-
lin, autosomal dominant, bilateral acoustic neuromas, gliomas, 
ependymomas, and meningiomas.
von Hippel-Lindau: chromosome 3, autosomal dominant, renal JJ

clear cell carcinoma, pheochromocytoma, hemangioblastoma, 
pancreatic tumors, and renal cysts.
Tuberous sclerosis (Bourneville’s disease): TSC1 on chromosome JJ

9, TSC2 on chromosome 16, autosomal dominant, subependy-
mal giant cell astrocytoma, retinal and rectal hamartomas.
Retinoblastoma: Rb tumor suppressor gene, chromosome 13.JJ

Li-Fraumeni syndrome: germline p53 mutation = breast, sar-JJ

coma, and brain CA.
Turcot’s syndrome: primary brain tumors with colorectal CA.JJ

Neuroblastoma: N-myc amplication commonly seen and serves JJ

as a prognostic factor.

IMAGING
MRI: T1 pre and postgadolinium, T2, and FLAIR (fluid attenu-JJ

ation inversion recovery, removes increased CSF signal on T2).
Tumor Enhancement with gadolinium correlates with break-JJ

down of the blood–brain barrier (BBB).
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Tumor: high grade – increased signal on T1 postgadolinium JJ

and T2 (T2 also shows edema). Low grade – increased signal on 
T2/FLAIR.
Acute blood = increased signal on T1 pregadolinium.JJ

Post-op MRI should be performed within 48 h to document any JJ

residual disease after surgical intervention.
JPA: enhancing nodule, highly vascular, 50% associated with JJ

cysts, high uptake on PET.
Grade 2 glioma: nonenhancing, hypointense on T1, hyperin-JJ

tense on T2/FLAIR, well-circumscribed, solid, round, calcifica-
tions associated with oligodendroglioma.
Grade 3 glioma: enhancing with gadolinium, infiltrative, less JJ

well-defined borders, mass effect (sulcal effacement, midline 
shift, ventricular dilatation, and vasogenic edema).
GBM: rim enhancing, central necrosis, irregular borders, and JJ

mass effect.
Dural tail sign: this could represent tumor or increased vascu-JJ

larity, linear meningeal thickening and enhancement associ-
ated with some tumors adjacent to meninges, reported in 60% 
of meningioma, also seen in chloroma, lymphoma, and sar-
coidosis.
MR spectroscopy: NAA = neuronal marker, choline = marker of JJ

cellularity and cellular integrity, creatine = marker of cellular 
energy, lactate = marker of anaerobic metabolism. Tumor = increased 
choline, decreased creatine, decreased NAA. Necrosis = increased 
lactate, decreased choline, creatine, and NAA.
Dynamic MR perfusion: astrocytoma = increased  relative cere-JJ

bral blood volume (CBV), generally increasing with grade. 
Oligodendroglioma = even low-grade, may have high CBV due 
to hypervascularity. Radiation necrosis and tumefactive demy-
elinating lesions = low CBV.
The use of gadolinium-based MR contrast has been associated JJ

with development of nephrogenic systemic fibrosis (NSF) in 
patients with chronic kidney disease maintained on dialysis.  
For patients with GFR < 30, gadolinium-based MR contrast 
should be avoided.  For patients with GFR of 30-100, use of 
contrast is determined on a case by case basis, based on insti-
tutional protocols (Kuo et al. 2007)

PATHOLOGY
World Health Organization Grading System of gliomas: WHO JJ

Grade 1 = JPA, Grade 2 = fibrillary astrocytoma, Grade 3 = anaplas-
tic astrocytoma, Grade 4 = glioblastoma multiforme.
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Astrocytoma grading (AMEN) = nuclear JJ atypia, mitoses, 
endothelial proliferation, necrosis.
Pearls: pseudopalisading and necrosis = GBM, Rose n thal JJ

fibers = JPA, psammoma bodies = meningioma, verocay body =   
schwannoma, Schiller-Duval body = yolk-sac tumor, Fried-egg =   
oligodendroglioma, pseudorosette = ependymoma, Homer-Wright  
rosettes = medulloblastoma, pineoblastoma, Flexner-Wintersteiner 
rosettes = pineoblas toma.

RADIATION TECHNIQUE
FRACTIONATED EBRT

Simulate patient with head mask.JJ

3DCRT or IMRT for most lesions. 3DCRT provides better dose JJ

homogeneity, fewer hot spots. Inverse planning may allow 
greater sparing of critical structures and/or deliver hot spots in 
center of (hypoxic) tumor. Must be determined on a case-by-
case basis.
Fuse planning CT and MRI (pre-op vs. post-op) to help delin-JJ

eate target volume. Post-op MRs are better than pre-op MRs in 
most cases.

GENERAL GUIDELINES FOR TARGET vOLUMES
Individualize tumor volume based on propensity to infiltrate, JJ

follow disease extension along the white matter tracts (e.g., 
internal capsule and corpus collosum) and use nonuniform 
margin.
High-grade gliomas:JJ

 GTV1 = T1 enhancement + T2/FLAIR. CTV1 = GTV1 + 2 cm 
margin.

 Boost: GTV2 = T1 enhancement. CTV2 = GTV2 + 2 cm.
 PTV = CTV + 0.3–0.5 cm.

Low-grade gliomas.JJ

 These tumors are often nonenhancing and tumor may be best 
visualized on FLAIR.

 GTV = T1 enhancement or FLAIR for oligodendrogliomas.
 CTV = GTV + 1–2 cm margin.
 PTV = CTV + 0.3–0.5 cm.
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DOSE TOLERANCE GUIDELINES 
EBRT using 1.8–2.0 Gy/fx
Whole brain 50 Gy
Partial brain 60 Gy
Brainstem 54 Gy
Spinal cord 45 Gy
Chiasm 50–54 Gy
Retina 45 Gy
Lens 10 Gy
Inner ear 30 Gy (increasing risk of  
hearing deficit with increasing dose)
Epilation 20–30 Gy
Lacrimal gland: 30 Gy transient,  
60 Gy permanent

SRS Max point dose
Brainstem 12 Gy
Optic nerve and chiasm 8 Gy
Visual pathway 12 Gy

Fetal dose from cranial RT = 0.05–0.1% of total dose (<0.1 Gy).JJ

Individual patient dose constraints should be determined based JJ

on physicians’ clinical judgment and experience.

POSSIBLE RADIATION COMPLICATIONS
JJ Acute: alopecia, radiation dermatitis, fatigue, transient wors-
ening of symptoms due to edema, nausea, and vomiting 
(particularly with brainstem [area postrema] and  posterior 
fossa [PF] radiation), and otitis externa. Mucositis, esophagi-
tis, and myelosuppression are associated with cranio-spinal 
irradiation. Subside within 4–6 weeks after radiation. Dose-
related.

JJ Subacute (6 weeks to 6 months after RT): somnolence, fatigue, 
neurologic deterioration, perhaps caused by changes in capil-
lary permeability and transient demyelination.

JJ Late (6 months to many years after RT): radiation necrosis, dif-
fuse leukoencephalopathy (especially with chemo, but not nec-
essarily correlated with clinical symptoms), hearing loss, 
retinopathy, cataract, visual changes, endocrine abnormalities 
(if hypothalamic-pituitary axis is irradiated), vasculopathy, 
Moyamoya syndrome, decreased new learning ability, short-
term memory, and problem solving skills.

FUNCTIONAL STATUS
See Appendix A.
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MALIGNANT GLIOMAS
PEARLS

Most common primary malignant CNS tumor in adults.JJ

Majority are glioblastoma.JJ

Multicentric tumors in <5% of cases.JJ

Incidence rises with age, peaks at 45–55-year (bimodal based JJ

on primary vs. transformation).
Presentation: #1 headache (50%), #2 seizures (20%).JJ

Prognostic factors: age, histology, KPS, extent of surgery, dura-JJ

tion of symptoms (see RPA below).
Survival benefit from the addition of temozolomide to RT seen JJ

in patients with MGMT promoter methylation.

RTOG RPA CLASSES FOR MALIGNANT GLIOMA
I and II: anaplastic astrocytoma, age £50, normal 
mental status, or age >50, KPS >70, symptoms >3 
month

MS: 40–60 
months

III and IV: anaplastic astrocytoma, age £50, 
abnormal MS, or age >50, symptoms <3 month; 
Glioblastoma age <50 or age >50 and KPS ³70

MS: 11–18 
months

V and VI: glioblastoma, age >50, KPS <70 or 
abnormal mental status

MS: 5–9  
months

EORTC adaptation of RPA classes III-V, GBM only (based on JJ

updated Stupp data):
Class III (MS 17 month): age <50, WHO PS 0JJ

Class IV (MS 15 month): age <50, WHO PS 1–2; age JJ ³50, 
GTR or STR, MMSE ³27
Class V (MS 10 month): age JJ ³50, MMSE <27, biopsy only

TREATMENT RECOMMENDATIONS

General 
management

Dexamethasone before/after surgery when clini-JJ

cally indicated; taper gradually
Surgical decompression for increased ICPJJ

Antiseizure medications as indicated, ensure thera-JJ

peutic levels

Resectable, 
or partially 
resectable, 
operable

GTR/STR JJ Æ RT (60 Gy) + concurrent temozolo-
mide qd Æ temozolomide ×6c monthly (Stupp et al. 
2005, 2009)
Or 40 Gy/15 fx for age JJ ³60 and KPS >50 (Roa et al. 
2004)
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Or 30 Gy/10 fx for age JJ ³65 and KPS <50 (Bauman 
et al. 1994)

Inoperable RT (60 Gy) + concurrent temozolomide qd JJ Æ temo-
zolomide ×6c monthly (Stupp et al. 2005, 2009)

Recurrence Steroids if clinically indicatedJJ

If local and resectable and/or symptomatic: surgery JJ

Æ chemo
If local and unresectable: chemo and/or highly JJ

conformal RT or SRS
If diffuse: chemo + best supportive careJJ

If poor KPS: best supportive careJJ

STUDIES
RT vS. OBSERvATION

Keime-Guibert (NEJM 2007): randomized 81 patients >70 year JJ

with GBM and KPS >70 after surgery (~50% biopsy only, ~30% GTR) 
to best supportive care ± RT (1.8/50.4 Gy to T1 enhancing + 2 cm).  
Trial stopped early because RT improved MS (4.3Æ7.3 month; 
53% relative reduction in death) and MPFS (1.4Æ3.7 month) 
independent of the extent of surgery, with no difference in QOL 
and cognitive evaluations.
Walker et al. (JJ 1979) BTSG: pooled three randomized trials. 
Compared observation vs. WBRT 45 vs. 50 vs. 55 vs. 60 Gy. MS 
increased with higher doses, 4Æ7Æ9Æ10 month.
Walker et al. (JJ 1978) BTSG 6901 – phase III: 222 patients (90% 
GBM, 10% AA) Æ surgery Æ randomized to observation vs. 
BCNU alone vs. WBRT 50–60 Gy alone vs. WBRT + BCNU. RT 
was WB to 50 Gy, then boost to 60 Gy. RT ± BCNU improved 
MS by 3–6 month vs. observation or BCNU alone.

DOSE AND FRACTIONATION
Roa et al. (JJ 2004) – phase III: 100 patients with GBM age ³60 
and KPS ³50 randomized to 60 Gy/30 fx vs. 40 Gy/15 fx. No dif-
ference in MS (5.1 vs. 5.6 month). Fewer patients in the short 
course RT arm required increased steroids (23 vs. 49%).
Bauman et al. (JJ 1994): single arm prospective study. Twenty-
nine patients with GBM age ³65 and KPS £50 treated with 
WBRT (30 Gy/10 fx). RT increased MS vs. best supportive care 
(10 vs.1 month).
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JJ MRC (Bleehen and Stenning 1991) randomized 474 patients to 
45 Gy/20 fx vs. 60 Gy/30 fx. No adjuvant chemo. MS 12 month 
(60 Gy) vs. 9 month (45 Gy, p = 0.007).

JJ RTOG 9305 (Souhami et al. IJROBP 2004): phase III trial of 
203 patients randomized to postoperative SRS, followed by 
EBRT (60 Gy) plus BCNU, vs. EBRT and BCNU alone. Dose of 
radiosurgery dependent on tumor size (range 15–24 Gy). No 
difference in survival (MS 13.5 month) or patterns of failure. 

JJ RTOG 0023 (Cardinale et al. IJROBP 2006): phase II trial of 76 
patients who were given 50 Gy and four weekly stereotactic radio-
therapy boosts, to a cumulative dose of 70–78 Gy. After the RT, 6 
cycles of BCNU given. MS 12.5 month, no improvement com-
pared to historical data.

CHEMO-RT
JJ EORTC/NCIC (Stupp et al. 2005, 2009) – phase III: 573 patients 
with newly diagnosed glioblastoma (16% biopsy only, 40% GTR, 
44% STR) randomized to RT alone vs. RT + concurrent and adju-
vant temozolomide. RT was 60 Gy/30 fx. Temozolomide was con-
current daily (75 mg/m2/day) and adjuvant (150–200 mg/m2/day × 5 
days) q4 weeks × 6 month. Concurrent and adjuvant temozolo-
mide significantly improved MS (14.6 vs. 12.1 month) and 5-year 
OS (9.8 vs. 1.9%). MGMT gene promoter methylation was the 
strongest predictor for outcome and benefit from temozolomide.
Walker et al. (JJ 1980) BTSG 7201 – phase III: 476 patients (84% 
GBM, 11% AA) Æ surgery Æ randomized to MeCCNU alone vs. 
RT alone vs. RT + MeCCNU vs. RT + BCNU. RT was WB 60 Gy/30–
35 fx. RT ± chemo increased MS compared to chemo alone (37–
43 vs. 31 weeks). No difference between MeCCNU and BCNU.

JJ RTOG 94–02 (Cairncross et al. JCO 2006) – phase III: 289 patients 
with pure or mixed anaplastic oligodendroglioma Æ surgery Æ 
randomized to PCV chemo ×4c Æ RT vs. RT alone. RT was 
50.4 Gy Æ boost to 59.4 Gy. No difference in MS (4.9 vs. 4.7 year), 
but PCV chemo improved PFS (2.6 vs. 1.7 year). Patients with 
1p/19q loss had longer PFS and OS. Benefit of PCV only observed 
for PFS in patients with 1p/19q loss.

JJ EORTC 26951 (van den Bent et al. JCO 2006): 368 patients with 
anaplastic oligodendroglioma or oligoastrocytoma random-
ized after resection to RT Æ PCV × 6c, or RT alone. RT was 
45 Gy Æ boost to 59.4 Gy. Median OS (40 vs. 31 month, p = 0.23), 
PFS (23 vs. 13 month, p = 0.002). 1p/19q loss was associated 
with better PFS and OS. In contrast to RTOG 9402, there was 
no differential benefit of PCV based on 1p/19q status.



38 Handbook of EvidEncE-basEd Radiation oncology

DOSE
EBRT: 1.8–2 Gy/fx to 45–46 Gy followed by boost to JJ

59.4–60 Gy
GTV1 = T1 enhancement + T2/FLAIR. CTV1 = GTV1 + 2 cm JJ

margin
Boost: GTV2 = T1 enhancement. CTV2 = GTV2 + 2 cmJJ

PTV = CTV + 0.3–0.5 cmJJ

FOLLOW-UP
MRI 2–6 weeks after RT and then every 2 month.JJ

LOW-GRADE GLIOMA
PEARLS

Ten percent of primary intracranial tumors, 20% of gliomas.JJ

Oligodendrogliomas account for <5% of intracranial tumors.JJ

Age of onset: 30–40 year for WHO Grade II and 10–20 year for JJ

JPA.
Presentation: seizures (60–70%, better prognosis) > headache > JJ

paresis.
Favorable prognostic factors: age <40 year, good KPS, oligo JJ

subtype, GTR, low proliferative indices, 1p/19q deletions for 
oligodendroglioma.
MS: low-grade pure oligodendroglioma (120 month) > low-JJ

grade mixed oligoastrocytoma > low-grade astrocytoma (60 
month) ³ anaplastic oligodendroglioma (60 month) > anaplas-
tic astrocytoma (36 month) > GBM (12 month).

TREATMENT RECOMMENDATIONS

JPA, subependymal giant 
cell astrocytoma, sub-
ependymoma, grade 
2 pleo -morphic astro-
cytoma, dysembryoblastic 
neuroepithelial tumor

GTR Æ observation

STR Æ consider observation vs. reresection 
vs. chemo vs. RT vs. SRS, depending on 
the location of tumor, symptoms, age of 
patient

Oligodendroglioma, 
oligoastrocytoma, 
astrocytoma (adults)

Maximal safe resection (GTR or STR) Æ

Observation if age <40 years, 
oligodendroglioma, GTR, good function. 
Serial MRIs, if progresses Æ RT 50–54 Gy 
(UCSF standard dose for low-grade gliomas 
is 54 Gy)
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Or, immediate post-op RT to 54 Gy. No 
survival benefit, but RT delays time to 
relapse by ~2 years (EORTC study)

QOL gained by delaying recurrence must 
be weighted against QOL lost due to late 
toxicities of RT

Oligodendroglioma, 
oligoastrocytoma, 
astrocytoma (children)

Maximal safe resection (GTR or STR) Æ 
observation and serial MRIs. Adjuvant 
chemo may prolong DFS and delay 
need for RT. Adjuvant RT may improve 
DFS, but not recommended for children 
<3 years. Consider second surgery for 
operable progression and RT for inoperable 
progression (doses 45–54 Gy)

STUDIES
TIMING OF RT

JJ EORTC 22845 (Karim et al. 2002; van den Bent et al. 2005) – 
phase III: 311 patients (WHO 1–2, 51% astro., 14% oligo., 13% 
mixed oligo-astro) treated with surgery (42% GTR, 19% STR, 
35% biopsy) randomized to observation vs. post-op RT to 54 Gy. 
RT improved median progression-free survival (5.3 year vs. 3.4 
year), 5-year PFS (55 vs. 35%), but not OS (68 vs. 66%). Sixty-five 
percent of patients in the observation arm received salvage RT. 
No difference in rate of malignant transformation (66–72%).

DOSE
JJ EORTC 22844 (Karim et al. 1996) – phase III: 343 patients 
(WHO 1–2, astro., oligo. and mixed) treated with surgery (25% 
GTR, 30% STR, 40% biopsy) randomized to post-op RT 45 Gy 
vs. 59.4 Gy (shrinking fields). No difference in OS (59%) or PFS 
(49%). Five-year OS oligo vs. astro = 75 vs. 55%, <40 year vs. 
³40 year = 80 vs. 60%. Age <40 year, oligo histology, low T-stage, 
GTR, and good neurologic status are important prognostic 
factors.

JJ INT/NCCTG (Shaw et al. 2002) – phase III: 203 patients (WHO 
1–2, astro, oligo, mixed) treated with surgery (14% GTR, 35% 
STR, 51% Bx) randomized to post-op RT 50.4 Gy vs. 64.8 Gy. No 
difference in 5-year OS (72% low dose vs. 64% high dose). Best 
survival in patients <40 year, tumor <5 cm, oligo histology and 
GTR. Increased Grade 3–5 toxicity (2.5 vs. 5%) with higher dose. 
Pattern of failure: 92% in field, 3% within 2 cm of RT field.
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Shaw et al. (JJ 1989) – retrospective study: 5/10-year OS surgery 
alone = 30/10%, surgery + <53 Gy = 50/20%, surgery + > 53Gy =  
67/40%.

ROLE OF CHEMOTHERAPY
JJ INT/RTOG 9802 (ASCO abstract 2008): phase III of low-grade 
gliomas. Low-risk (<40 year + GTR) observed until symptoms. 
Two hundred and fifty one high-risk (³40 year or STR or biopsy) 
patients randomized to RT alone vs. RT Æ PCV ×6 cycles q8 
weeks. RT 54 Gy to FLAIR + 2 cm margin. No boost. Five-year 
OS was 72 vs. 63% (p = 0.33), 5-year PFS was 63 vs. 46% 
(p = 0.06). For 2-year survivors, OS for 3 additional year was 84 
vs. 72% (p = 0.03), and PFS was 74 vs. 52% (p = 0.02), suggesting 
a benefit to PCV chemo in the high-risk subgroup.
Ongoing RTOG and EORTC trials investigating the use of JJ

temozolomide.

DOSE
EBRT: 1.8 Gy/fx to 50.4–54 Gy.JJ

These tumors are often nonenhancing and tumor may be best JJ

visualized on FLAIR.
GTV = T1 enhancement or FLAIR.JJ

CTV = GTV + 1–2 cm margin.JJ

PTV = CTV + 0.3–0.5 cm.JJ

FOLLOW-UP
MRI 2–6 weeks after RT, then every 6 month for 5 years, then JJ

annually.

BRAINSTEM GLIOMA
PEARLS

Most common in young patients.JJ

Accounts for 5% of adult, and 15% of pediatric CNS tumors.JJ

Incidence peaks between age 4–6 year.JJ

Seventy to eighty percent are high-grade astrocytomas, remain-JJ

ing are low-grade astrocytomas, ependymomas, PNETs, and 
atypical teratoid-rhabdoid tumors.
Biopsy can be associated with high mortality and morbidity, so JJ

sometimes not performed.
MRI and presentation to determine grade.JJ
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High-grade tumors > infiltrative, often originate in the Pons, JJ

extend alone white matter tracts into the cerebellum or dien-
cephalon, diffusely expand the brainstem, younger age, rapid 
onset of symptoms, multiple neurological deficits.
Low-grade tumors > focal lesions in the midbrain or thalamus, JJ

or dorsally exophytic lesions, older age, and indolent course.
Differential diagnosis (nondiffuse): abscess, neurofibromato-JJ

sis, demyelinating diseases, AVM, encephalitis.
Two to five-year OS 45–66% in adults and 20–30% in children JJ

overall, but MS only 11 month for high-grade gliomas.

TREATMENT RECOMMENDATIONS

Steroids Can help to stabilize or improve neurologic JJ

symp toms

Shunts May be necessary in severe hydrocephalusJJ

Surgery Role is limited, generally not indicated in JJ

diffuse pontine lesions. Dorsally exophytic 
tumors and cervicomedullary tumors may 
be surgically resected

Radiation Conventional fractionation to 54–60 Gy. JJ

Recommend 3DCRT
For diffuse lesions, cover the tumor with JJ

2 cm margin or the entire brainstem 
(diencephalon to C2) and any cerebellar 
extension with margin
No benefit of dose escalation above 72 Gy JJ

at 1-Gy b.i.d.
No benefit of hyperfractionation (Pediatric JJ

Oncology Group)

Chemotherapy No benefit of adjuvant CCNU, vincristine, JJ

prednisone, temozolomide vs. RT
No survival benefit of neoadjuvant JJ

chemotherapy
High-dose chemo with stem-cell rescue JJ

showed no benefit in Phase I/II trials

OPTIC GLIOMA
PEARLS

Five percent of all CNS tumors in the pediatric age groupJJ

Subdivided into: optic nerve gliomas, chiasmatic gliomas, and JJ

chiasmatic/hypothalamic gliomas (bulky lesions)
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Ten to fifteen percent of NF-1 patients have optic glioma; JJ

25–40% of childhood optic pathway tumors have NF-1
Presentation: JJ optic nerve tumors: asymptomatic, long standing 
proptosis, impaired visual acuity, optic nerve atrophy; chiasmal 
tumors: decreased visual acuity, temporal field defects chias-
matic/hypothalamic tumors: nystagmus, visual field deficits, 
impaired visual acuity, hydrocephalus, increased intracranial 
pressure
MRI: small and well circumscribed, homogenous enhancementJJ

Biopsy not necessary for diagnosisJJ

TREATMENT RECOMMENDATIONS

Optic nerve 
and chiasmatic 
tumors

Chemo first for all patients and reserve RT for chemo 
failures

Chiasmatic/
hypothalamic 
tumors

CSF diversion if indicated. Maximal safe surgical 
resection. Chemo. Reserve RT (45–50 Gy) for patients 
who progress on or after chemo (~50% can avoid RT 
at 5-years)

SURvIvAL
Long-term OS 90–100%.JJ

Long-term PFS 60–90%.JJ

For chiasmatic/hypothalamic gliomas: LC 70–80% and long-JJ

term OS 50–80%.

CNS LYMPHOMA
PEARLS

Approximately 2% of intracranial tumors.JJ

Rapidly rising incidence (3–10×) in the last two decades in both JJ

immunocompetent and immunodeficient populations.
EBV present in 60–70% of immunodeficient, and 15% immu-JJ

nocompetent patients.
Median age: 55 year in immunocompetent, and 31 year in JJ

immunocompromised patients.
Multifocal tumors: 25–50% of immunocompetent, and 60–80% JJ

of immunodeficient patients.
MRI: single or multiple periventricular masses, intensely JJ

enhancing.
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In AIDS patients, smaller lesions may demonstrate ring enhance-JJ

ment. Differential diagnosis includes toxoplasmosis.
Leptomeningeal involvement in 1/3 of patients.JJ

Retinal and vitreous seeding in 15–20% of patients.JJ

In primary intraocular lymphoma, 80% develop CNS involve-JJ

ment within 9 month.
Histology: 90% are DLBCL.JJ

Presentation: focal deficits, seizures, headache, lethargy, confu-JJ

sion. Neck or back pain (spinal cord involvement). Blurred 
vision or floaters (ocular involvement, which presents in ~20% 
of patients).
Workup: MRI brain and spine, biopsy, ophthalmologic exam, JJ

CXR, CSF cytology, CBC, EBV titer, HIV testing. CT chest, 
abdomen, and pelvis and bone marrow biopsy, consider testic-
ular ultrasound for elderly men, consider PET scan. Hold ste-
roids, if possible prior to diagnostic procedures
Systemic or intrathecal methotrexate given with RT has syner-JJ

gistic neurotoxicity.

TREATMENT RECOMMENDATIONS

Surgery Biopsy for tissue diagnosis. Extensive resection does JJ

not improve OS

Steroids Should be withheld until after biopsy. Ninety percent JJ

have clinical response. Forty percent have shrinkage. 
Ten percent have complete resolution on imaging. 
Response is short-lived and tumor recurs within 
weeks to month after steroids are stopped

General 
management

If KPS JJ ³40 and acceptable renal function Æ high-
dose methotrexate-based regimen followed by WBRT 
24–36 Gy at 1.8–2-Gy/fx, If PR Æ boost gross disease 
to 45 Gy. If CSF positive or spinal MRI positive, 
consider intrathecal chemotherapy. If eye exam 
positive, intraocular chemotherapy or RT to globe
If KPS <40 or renal dysfunction JJ Æ WBRT. If CSF 
positive or spinal MRI positive, consider intrathecal 
chemotherapy and focal spinal RT. If eye exam 
positive, RT to globe. Consider nonmethotrexate 
chemo alternatives

For patients >60, may omit WBRT if CR to chemo JJ

and reserve RT for recurrence
For leptomeningeal spread, use intrathecal chemo or JJ

CSI to 39.6 Gy with additional 5.4–10.8 Gy to gross 
disease
See Chap. 3 regarding ocular lymphomaJJ
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STUDIES

JJ RTOG 83–15 (Nelson et al. 1992) – phase II: 41 patients with 
CNS lymphoma treated with 40 Gy WBRT + 20 Gy boost to 
tumor bed. Eighty-eight percent of recurrences were within the 
boost field. MS 12.2 month 2-year OS 28%. Better survival in 
patients with KPS >70 and Age <60.

JJ RTOG 88–06 (Schultz et al. 1996) – phase I/II: 51 patients with 
HIV-negative CNS lymphoma treated with CHOD × 2 (cytoxan, 
adriamycin, vincristine, dexamethasone) Æ WB to 41.4 Gy and 
boost to 59.4 Gy. No difference in MS when compared with 
RTOG 83–15.

JJ RTOG 93–10 (DeAngelis et al. 2002) – phase II: 102 HIV-negative 
CNS lymphoma patients treated with chemo ×5 (IV/IT MTX, vin-
cristine, procarbozine) Æ WBRT 45 Gy Æ high-dose  cytarabine. 
Fifty-eight percent CR, 36% PR, MPFS 24 month, MS 36.9 month. 
Fifteen percent patients with severe delayed neurotoxicity. Better 
survival in patients <60 year (50 vs. 22 month, p < 0.001).
MSKCC experience (Gavrilovic, et al. 2006): 57 patients JJ

treated with high-dose MTX ± RT. Five-year OS 74% for 
patients <60 year treated with RT, but no difference in MS for 
patients >60 year with or without RT (29 month). 25% neuro-
toxicity for patients <60 year vs. 75% for >60 year with RT vs. 
3% if no RT.

SURvIvAL

RT alone MS 12 month, 2-year OS 20–30%.JJ

Chemo (high-dose MTX-based) + WBRT MS 30–60 month, JJ

2-year OS 55–75%.
Survival recursive partitioning analysis (JCO 2006 Abrey et al. JJ

2006). From MSKCC, confirmed with RTOG data.
I: Age <50: MS 8 year, failure-free survival (FFS) 2 year.JJ

II: Age JJ ³50 and KPS ³70: MS 3 year, FFS 1.8 year.
III: Age JJ ³50 and KPS <70: MS 1 year, FFS 0.6 year.

EPENDYMOMA
PEARLS

Ependymal cells form the lining of the ventricular system and JJ

the central spinal canal.
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Less than 5% of adult brain tumors, incidence peaks at 35 years JJ

old.
Ten percent of pediatric brain tumors, incidence peaks at 5 JJ

years old.
Most intracranial lesions are located in the PF and arise from JJ

floor of the fourth ventricle.
Ten to thirty percent of fourth ventricular tumors extend JJ

down through the foramen magnum to the upper C-spine.
Sixty percent of primary spinal cord tumors are JJ

ependymomas.
Increased frequency of spinal cord ependymomas in patients JJ

with NF2.
Less than 7% incidence of CSF spread at diagnosis, up to 15% JJ

ultimately, rare without local progression.
CSF relapse 5–15%. More common with infratentorial and JJ

high-grade tumors.
Complete resection of the PF tumors is difficult due to proxim-JJ

ity to fourth ventricle, CNs, and major vessels.
Complete resection is the single most important prognostic JJ

factor.
Other good prognostic factors: low grade and age >2–4 year.JJ

CSF and MRI spine required to assess spine. Lumbar puncture JJ

and spine MRI should be delayed 2-3 weeks after surgery to 
avoid false positive results.
Pediatric patients should be enrolled in clinical trials whenever JJ

possible.

TREATMENT RECOMMENDATIONS

Symptomatic 
hydrocephalus

Steroids and/or CSF diversion Outcomes

Ependymoma 
resectable

Maximal safe surgical JJ

resection
Negative MRI spine and CSFJJ

GTR JJ Æ limited field RT  
(54–60 Gy)
STR JJ Æ limited field RT
Positive MRI spine or CSF JJ

Æ CSI (30–36 Gy, boost 
gross disease, 54–60 Gy for 
brain lesions and 45 Gy for 
spine lesions)

5-year PFS
Adults: GTR 50–55%
STR 0–25%
Peds (most infra-
tentorial with post-op 
RT)
GTR 60–80%
STR 30–45%
5-year OS low-grade 
60–90%

continued
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Anaplastic 
ependymoma 
resectable

Maximal safe surgical JJ

resection
Negative MRI spine and CSFJJ

GTR or STR Æ limited field 
RT (54–60 Gy)
Positive MRI spine or JJ

CSF Æ CSI (30–36 Gy, boost 
gross disease 54–60 Gy for 
brain lesions and 45 Gy for 
spine lesions)

5-year OS up to 50– 
60% with surgery, RT, 
and chemo

Unresectable Negative CSF JJ Æ limited field 
RT (54–60 Gy)
Positive MRI spine or CSF JJ

Æ CSI (30–36 Gy, boost 
gross disease 54–60 Gy for 
brain lesions and 45 Gy for 
spine lesions)

5-year OS 20–30%

Recurrence Maximal surgical resectionJJ

Post-op RT if no prior RT, JJ

consi der SRS
Chemotherapy, best suppor-JJ

tive care

Children  
<4 years

Maximal safe surgical JJ

resection. If STR Æ chemo 
(platinum-based compounds 
and cyclo phosphamide) and 
delay RT to avoid toxicities

5-year PFS/OS: 
40/45%

FOLLOW-UP

MRI brain and spine (if initially positive) every 3–4 month for JJ

the first year, every 4–6 month for the second year, then every 
6–12 month.

CHOROID PLEXUS TUMORS
PEARLS

Less than 2% of all glial tumors.JJ

Most common location: lateral ventricles in children, the fourth JJ

ventricle in adults.
Benign (WHO grade I) = choroid plexus papilloma, 60–80%, pap-JJ

illary formation, lack of mitosis, and normal tissue invasion.
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Malignant (WHO grade III) = choroid plexus carcinoma, JJ

20–40%, nuclear atypia, pleomorphism, frequent mitoses, and 
invasion of subependymal brain tissue.
Most commonly present with hydrocephalus due to CSF over-JJ

production and flow obstruction.
Up to 30% of children present with metastatic disease at JJ

diagnosis.
Workup: MRI brain and spine, CSF cytology.JJ

TREATMENT RECOMMENDATIONS

General 
management

Maximal safe resection is first-line therapy for both JJ

choroid plexus papilloma and carcinoma

Choroid plexus 
papilloma

GTR and spine negative JJ Æ observation
STR and spine negative JJ Æ RT to post-op bed 
50–54 Gy

STR and spine positive (rare!) JJ Æ CSI 36 Gy + LF 
boost 54 Gy and boost to mets 45–54 Gy
No role for chemotherapyJJ

Choroid plexus 
carcinoma

GTR and spine negative JJ Æ observation, consider RT
STR and spine negative JJ Æ RT to post-op bed to 
54 Gy
STR and spine positive JJ Æ CSI 36 Gy + LF boost 
54 Gy and boost to mets 45–54 Gy
Consider chemotherapyJJ

SURvIvAL

Choroid plexus papilloma 5-year OS 90–100%.JJ

Choroid plexus carcinoma 5-year OS 20–30%.JJ

MENINGIOMA
PEARLS

Thirty percent of primary intracranial neoplasmsJJ

Most common benign intracranial tumor in adultsJJ

Eight thousand six hundred new cases in the US in 2002JJ

Incidence increases with age, peaks in the sixth and seventh JJ

decades
F:M = 2:1 for all meningiomas and 1:1 for anaplastic menin-JJ

giomas (rhabdoid and papillary)
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Locations: cerebral convexities, falx cerebri, tentorium cere-JJ

belli, cerebellopontine angle, sphenoid ridge, and spine
Possible risk factors: ionizing radiation, viral infection, sex JJ

hormones, NF2, loss of chromosome 22q.

WORKUP
H&P: historically, most common presentation was headaches > JJ

personality change/confusion > paresis. Symptoms correlate 
with location: cranial neuropathy (cerebellopontine angle), 
headaches or seizures (convexities, falx), visual loss (sphenoid 
ridge wing or optic nerve involvement). Increased use of CT/
MRI brain scans has led to a rising incidence, particularly for 
asymptomatic lesions (autopsy series suggest prevalence of 
2–3%).
CT: extraaxial, well-circumscribed and smooth, with moderate JJ

to intense homogenous enhancement with contrast, often min-
imal edema (consistent with slow growth). Bony changes 
(destruction or hyperostosis, reflects disease involvement and 
not reactive change) in 15–20%. Malignant meningiomas may 
frequently invade the brain.
MRI: isointense on T1 and T2, intensely enhance with JJ

gadolinium.
Dural tail sign: linear meningeal thickening and enhancement JJ

adjacent to a peripherally located cranial mass, reported in 
60% of meningiomas, also seen in chloroma, lymphoma, and 
sarcoidosis.
Slower tumor growth has been linked to calcification, homoge-JJ

neous enhancement and iso to hypointense T2 signal.

TREATMENT RECOMMENDATIONS

Resectable, 
operable

Observation, if asymptomatic and slow-growing.JJ

GTR (often facilitated by pre-op angiography ± JJ

embolization) Æ observation and serial MRIs. 
If recurrence JJ Æ RT. Alternative, definitive RT, or SRS

Unresectable, 
operable

STR JJ Æ RT. Alternative, definitive RT, or SRS

Inoperable RT alone or SRS aloneJJ

Malignant 
meningioma

GTR or STR JJ Æ RT to 60 Gy with 2–3 cm margin

Recurrence RT or SRS or surgery as salvage therapyJJ
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STUDIES
POST-OP EBRT

Goldsmith et al. JJ (1994): 140 patients from USCF with STR + 
post-op RT for benign (84%) and malignant (16%) menin-
giomas. Five-year OS 85% for benign, 58% for malignant. 
Improved PFS in patients who received >52 Gy (95 vs. 65% 
benign, 65 vs. 15% malignant). No benefit of aggressive STR vs. 
biopsy alone if post-op RT given. Patients with benign tumors 
treated after 1980 (when CT and MRI were used for treatment 
planning) had better 5yr PFS compared to those treated before 
1980 (98% vs. 77%, P=0.002).

SRS
Kondziolka et al. (JJ 1999): 99 patients from U. Pittsburgh, 43% 
SRS alone, 57% surgery + SRS, median tumor margin dose 
16 Gy, max dose 32 Gy, median tumor volume 4.7 cc. LC 95%, 
PFS 93% at 5–10-year.
Stafford et al. (JJ 2001): 190 patients from Mayo Clinic, 59% had 
prior surgery, 12% with atypical or malignant histology. Median 
tumor margin dose was 16 Gy. Median prescription isodose 
volume was 8.2 cm3. Five-year LC for patients with benign, 
atypical, and malignant tumors were 93, 68, and 0%, respec-
tively. Five-year CSS for patients with benign, atypical, and 
malignant tumors were 100, 76, and 0%, respectively.
EORTC 26021–22021: phase III study randomizing benign JJ

Grade I incompletely resected intracranial meningiomas to 
observation vs. EBRT or SRS. Trial closed in 3/2006, Results 
pending.

DOSES
EBRT: 54 Gy for benign, 60 Gy for malignant.JJ

SRS or FSRT: individual dose chosen based on tumor volume, JJ

location, surgical history, and radiosensitivity of nearby 
structures.

SURvIvAL
WHO I: 5-year PFS for GTR 88–98%, for STR alone 43–83%, JJ

and for STR + RT 88–98%. 5/10/15-year OS 85/75/70%.
Malignant: surgery + RT, 40–50% 5-year PFS.JJ
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FOLLOW-UP
MRI every 4 months for 1 year, every 6 months for 2 years, then JJ

annually.

ACOUSTIC NEUROMA
PEARLS

Six percent of intracranial tumors.JJ

Arise from Schwann cells of myelin sheath of peripheral JJ

nerves.
Sporadic (unilateral, age 40–50 year) or associated with NF 2 JJ

(bilateral).
Slow growing, well-circumscribed, expansile, displace adjacent JJ

nerves.
Symptoms: progressive sensorineuronal hearing loss and ves-JJ

tibular deficits. May affect CN VII function. Expansion into cer-
ebellopontine angle may lead to CN V symptoms. Hydrocephalus 
may occur.
Screening: pure tone and speech audiometry (selective loss of JJ

speech discrimination common).
Thin slice, gadolinium-enhanced MRI through the cerebello-JJ

pontine angle is the imaging modality of choice.
Suspected NF should have neuraxis imaging.JJ

TREATMENT RECOMMENDATIONS

JJ Surgery: 90% are total or near-total resection (<10% LF). STR 
without post-op RT (45% LF) vs. STR with post-op RT (6% LF). 
Preservation of CN VII function >60%. Preservation of useful 
hearing 30–50%, depending on lesion size and surgical 
technique.

JJ SRS: >90% LC. Dose 12–13 Gy single fraction, increased com-
plications with >14 Gy. Similar outcome with fractionated and 
single fraction SRS. Preservation of CN VII function >90%. 
Preservation of useful hearing ~75%. Preservation of CN V 
function =90%.

JJ EBRT: dose 54 Gy/1.8 Gy fx. Preservation of CN VII function 
>95%. Preservation of useful hearing ~75%. Preservation of CN 
V function ~95%.
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STUDIES

Koh et al. (JJ 2007): 60 patients treated with FSRT (50 Gy/2 Gy 
fx). Five-year LC 96%, useful hearing preservation 77%. No 
new cranial nerve toxicity.
Chopra et al. (JJ 2007): 216 patients treated with SRS  
(12–13 Gy marginal dose). Ten-year LC 98%. Preserva tion of 
serviceable hearing among hearing patients was 74%. CN V 
function preservation was 95%, CN VII was 100%.

CRANIOPHARYNGIOMA
PEARLS

Benign, partially cystic, epithelial tumors.JJ

Arise from Rathke’s pouch in the sellar region.JJ

Five to ten percent of pediatric intracranial tumors, ages 5–14 JJ

year.
Bimodal distribution: 55% occur in children and 45% are over JJ

age 20 year with another peak between 55 and 65 year.
Present with neuroendocrine deficits such as diabetes insipi-JJ

dus or growth failure, visual field cuts, decreased acuity, 
increased ICP, cognitive and behavioral changes.
MRI: solid nodule (calcified and contrast enhancing) with cys-JJ

tic component filled lipoid, cholesterol laden fluid (“crankcase 
oil”).
May develop invaginations into adjacent brain, causing a glial JJ

reaction.

TREATMENT RECOMMENDATIONS

Maximal safe resection.JJ

If GTR JJ Æ observation (LC 85–100%).
If STR JJ Æ post-op EBRT to 54 Gy at 1.8-Gy/fx (LC 75–90%), or 
observation (LC 30%).
Cyst decompression for nonresectable lesions prior to RT may JJ

ease sparing of critical structures and sometimes may be 
required during the course of RT.
SRS: for small primaries or recurrent tumors.JJ

Intralesional bleomycin and intracavitary injection of radioac-JJ

tive colloid are effective in shrinking and fibrosing cysts, 
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although data are limited. Treatment toxicity can mimic dis-
ease progression with multiple endocrinopathies, visual loss, 
seizures, other cranial neuropathies, motor neuropathies, and 
neurocognitive deficits.
For children <3 year, limited surgery and close follow-up, defer RT.JJ

SURvIvAL
Long-term event-free survival 80–100%.JJ

PITUITARY TUMORS
PEARLS

Ten to fifteen percent of primary brain tumors.JJ

2.5: 1 incidence (female to male).JJ

Long natural history with insidious onset of symptoms; often JJ

slow (or no) detectable radiologic progression.
The pituitary gland is surrounded by anterior and posterior JJ

 clinoids; superiorly by anterior cerebral arteries, the optic nerves, 
and chiasm; laterally by cavernous sinuses (CN III, IV, V1, V2, 
VI, internal carotid artery); inferiorly by sphenoid sinus.
Nearly all pituitary tumors arise from the anterior lobe, which JJ

is derived from Rathke’s pouch (an evagination of ectodermal 
tissue from NPX).
Anterior lobe produces GH, PRL, ACTH, TSH, FSH, LH, con-JJ

trolled by hypothalamic portal system hormones.
Posterior lobe produces ADH and oxytocin.JJ

Seventy-five percent functional, 25% nonfunctional.JJ

Tumors secreting prolactin are the most common secreting tumors JJ

(30%), followed by GH (25%) Æ ACTH Æ TSH (rare).
Macroadenomas: JJ ³1 cm; microadenomas: <1 cm.
MEN-1: autosomal dominant, pituitary, parathyroid, pancre-JJ

atic island cell tumors.
Mass effect on stalk (infundibulum) causes increased PRL JJ

because of the loss of inhibition from hypothalamus. A similar 
effect after radiation of the stalk can be observed with persis-
tent PRL elevation.
Immunohistochemistry to identify subtype.JJ

After radiation therapy, prolactin and growth hormone levels JJ

normalize over several year. ACTH usually normalizes within 1 
year.
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WORKUP
H&P: headache, visual field testing (bitemporal hemianopsia, JJ

superior temporal deficits, homonymous hemianopsia, central 
scotoma, etc), CN deficits (involvement of  cavernous sinus), 
sleep/appetite/behavior changes (compression of hypothala-
mus), growth abnormalities, cold or heat intolerance.
Imaging: MRI (thin cuts with contrast) or CT (look for bone JJ

destruction), skeletal survey when indicated.
Complete endocrine evaluation.JJ

ProlactinJJ

Basal GH, IGF-1, glucose suppression, insulin tolerance, JJ

TRH stimulation
Serum ACTH, 24-h urine 17-hydroxycorticosteroids and free JJ

cortisol, dexamethasone suppression
Gonadal: LH, FSH, plasma estrodial, testosteroneJJ

Thyroid: TSH, T3, T4JJ

Basal plasma or urinary steroids; cortisol response to insu-JJ

lin-induced hypoglycemia and plasma ACTH response to 
metyrapone

Acromegaly = headache, changes in facial/skull/hand bones, JJ

heat intolerance, wt gain. Dx = GH >10 ng/mL, not suppressed 
by glucose, or elevated IGF-1.
Prolactinoma = amenorrhea, infertility, decreased libido, impo-JJ

tence galactorrhea, PRL >20 ng/mL.
Cushing’s disease = bilateral adrenal hyperplasia, central obe-JJ

sity, HTN, glucose intolerance, hirsutism, easy bruising, osteo-
porosis. Diagnosis = elevated cortisol, not suppressed with 
low-dose dexamethasone, partially suppressed with high-dose 
dexamethasone, normal or moderately elevated plasma ACTH. 
In adrenal tumors, ACTH is depressed.

TREATMENT RECOMMENDATIONS

TREATMENT MODALITIES
Medical 
manage ment

Bromocriptine for prolactinomas, somatostatin JJ

analogs and pegvisomant (GH receptor antagonist) for 
GH-secreting tumors, and ketoconazole, metapyone, 
mitotane for ACTH-secreting tumors may be used
Frequent relapse when discontinuedJJ

Provide temporary control of remission while awaiting JJ

response to RT

continued
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Surgery Immediate decompressionJJ

MicroadenomasJJ

Maximal safe resection even for unresectable tumors, JJ

which may result in better normal tissue sparing by 
making SRS feasible

Radiation Indications: medically inoperable (especially with JJ

hypopitu itarism), STR with persistent post-op 
hypersecretion, or large tumor with extrasellar extension. 
Consider SRS or fractionated stereotactic radiotherapy

TREATMENT AND OUTCOME BY TUMOR TYPE
Non functioning 
pituitary tumors

Surgery JJ Æ observation or RT vs. definitive RT alone
10-year DFS 90% (S+RT) vs. 80% (RT alone)JJ

GH-secreting Surgery JJ Æ observation Æ RT 45–50 Gy for 
recurrent GH elevation. Or, RT alone 45–50 Gy for 
inoperable patients
10-year DFS 70–80% (S+RT) vs. 60–70% (RT alone)JJ

Prolactin-
secreting

Observation vs. medical management vs. surgery JJ

vs. RT, individualize treatment based on symptoms, 
side effect profile, and patient preferences. Ten-
year DFS 80–90%

ACTH-secreting Surgery JJ Æ observation Æ RT 45–50 Gy for 
recurrent ACTH elevation. RT alone 45–50 Gy for 
inoperable patients. Surgery results in more rapid 
normalization of hormones than RT alone. Ten-
year remission rate 50–60%

TSH-secreting Aggressive, always treat with post-op RTJJ

Histiocytosis X 5–15 Gy in 3–8 fxJJ

DOSE
1.8 Gy/fx to 45–50 Gy for nonfunctioning, or 50.4–54 Gy for JJ

functioning.
No more than 5% of dose inhomogeneity in tumor volume.JJ

1.8–54 Gy for TSH and to 50.4 Gy for ACTH-secreting tumors.JJ

Radiosurgery: dose prescribed to the tumor margin: 12–20 Gy JJ

for nonfunctioning tumors, 15–30 Gy for functioning ade-
nomas. Keep optic chiasm dose <8 Gy.

SURvIvAL
No difference in OS between surgery, surgery + RT, or RT JJ

alone; best therapy based on minimizing side effects.
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FOLLOW-UP
Post-RT contrast-enhanced MRI every 6 month ×1 year, then JJ

annually.
Endocrine testing every 6 month – 1 year. Assess hormonal JJ

response and monitor gonadal, thyroid and adrenal function 
for hypopituitarism.
Formal visual field testing before RT for baseline and JJ

annually.

PINEAL TUMORS
PEARLS

Adults: 1% of adult brain CA. Thirty to fourty percent are ger-JJ

minomas and 10–20% NGGCTs.
Children: 5% of pediatric brain CA. Fifty percent are germ-cell JJ

tumors and 25–33% pineal parenchymal tumors. Incidence 
peaks at age 10–12 year. M:F 3:1.
Nongerminomatous germ-cell tumors (NGGCTs) include JJ

embryonal carcinoma (produces both b-HCG and AFP), endo-
dermal sinus tumor (elevated AFP), choriocarcinoma (elevated 
b-HCG), malignant teratoma.
Pineoblastoma and NGGCTs more commonly have CSF JJ

dissemination.
Presenting symptoms: sellar (visual field cut), suprasellar JJ

(endocrinopathies), and pineal (hydrocephalus, Parinaud’s (see 
below)).
Classic triad = diabetes insipidus, precocious or delayed sexual JJ

development, visual deficits.
Workup = MRI brain and spine, baseline ophthalmologic exam, JJ

CSF cytology and serum markers (b-HCG and AFP).

PINEOBLASTOMA
Highly malignant primitive embryonal tumor, variant of PNET, JJ

WHO grade IV.
Associated with bilateral retinoblastoma = trilateral retinoblas-JJ

toma.
Presents with rapidly raised ICP and enlarged head JJ

circumference.
MRI: multilobulated, heterogeneous enhancement, with areas JJ

of necrosis and/or hemorrhage.
Leptomeningeal spread at diagnosis in up to 50% cases.JJ
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PINEOCYTOMA

Slow-growing tumor. WHO grade II.JJ

Most common in teens. Present with raised ICP.JJ

Parinaud’s syndrome: limited upward gaze, lid retraction, JJ

retraction nystagmus, pupils that react more poorly to light 
than to accommodation.
MRI: spherical, well-circumscribed, homogeneous enhance-JJ

ment, hypointense on T1, hyperintense on T2.

PINEAL PARENCHYMAL TUMOR OF INTERMEDIATE 
DIFFERENTIATION

Moderately high cellularity, mild nuclear atypia, occasional JJ

mitoses.
No pineocytomatous rosettes.JJ

Rare tumor, optimal treatment need to be decided on an indi-JJ

vidual basis.

GERMINOMAS

Germinoma = like seminoma in men, dysgerminoma in JJ

women
MRI: hypodense, well-circumscribed, homogeneous enhance-JJ

ment
Mildly elevated JJ b -HCG, but not AFP

NGGCT
Elevated serum or CSF AFP and marked elevated B-HCGJJ

Less radiosensitive than germinomaJJ

Extent of resection correlates with survivalJJ

TREATMENT RECOMMENDATIONS AND OUTCOME

Histology Recommended treatment

Pineoblastoma Treat like medulloblastoma: maximal safe resection JJ

(to determine risk category) Æ CSI (23.4–39 Gy) +  
local boost to 54–55.8 Gy + chemo (5-year OS 
50–70%). Radiosurgery boost possible for gross 
residual. If no CSI, poor outcome. MPFS 11–14 
month. Five-year OS 50–70%

continued
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Pineocytoma Treat like low-grade glioma: surgery when possible.JJ

If GTR, observe. If STR JJ Æ post-op RT (residual + 
1–1.5 cm margin; 50–55 Gy). Five-year OS 60–90%

Germinoma MRI of neuraxis. RT alone or chemo followed JJ

by RT. Prophylactic neuraxis RT is controversial, 
not done at UCSF. Consider partial cranial field: 
whole ventricular irradiation to 24–30 Gy, boost 
to primary to 45–50 Gy. If there is neuraxis or 
subependymal spread, or multiple midline tumors 
Æ CSI 24–36 Gy + primary disease to 45–50 Gy. 
Five-year OS 80–90%, spinal relapse 10–20%

NGGCT Maximal safe resection JJ Æ platinum-based chemo. 
MRI and lumbar puncture. If negative neuraxis, 
consolidative local RT. If positive neuraxis, CSI 
30–36 Gy + primary disease 50–54 Gy. Five-year 
OS 20–40%

MEDULLOBLASTOMA
PEARLS

Twenty percent of pediatric CNS tumors, 40% of all PF JJ

tumors.
The second most common pediatric CNS tumor: low-grade JJ

glioma 35–50%, medulloblastoma 20%, brainstem glioma 
10–15%, high-grade glioma 10%.
M:F = 2:1.JJ

Median age 5–6 year in children and 25 year in adults.JJ

Thirty to forty percent of patients have CSF spread at the time JJ

of diagnosis.
Bad prognostic factors: male, age <5 year, M1 disease.JJ

At diagnosis, 2/3 of patients are standard risk and 1/3 are high risk.JJ

Common presentation: vomiting, nausea, ataxia, headaches, JJ

papilledema, CN palsy, and motor weakness.
Differential diagnosis of Posterior Fossa (PF) mass: medullo-JJ

blastoma, ependymoma, astrocytoma, brainstem glioma, JPA, 
and metastasis.
PF syndrome = difficulty swallowing, truncal ataxia, mutism, JJ

respiratory failure in 10–15% of children after PF craniotomy 
for medulloblastoma.
PCV chemo JJ = cisplatin, CCNU, vincristine.



58 Handbook of EvidEncE-basEd Radiation oncology

WORKUP
H&PJJ

MRI of the brain (pre-op and post-op within 24–48 h after JJ

surgery)
MRI of the spine to rule-out leptomeningeal spreadJJ

CSF cytologyJJ

Bilateral bone marrow biopsyJJ

Consider bone scan and CXRJJ

Baseline audiometry, IQ, TSH, CBC, and growth measurementsJJ

STAGING

TREATMENT RECOMMENDATIONS

General 
management

Hydrocephalus and increased ICP: steroids and JJ

VP shunt before attempting resection

Standard risk Surgical resection JJ Æ CSI 23.4 Gy at 1.8-Gy/
fx with PF boost to 54 Gy with concurrent 
vincristine Æ PCV chemo. DFS ~80%

High risk  
Residual  
>1.5 cm2 M+

Surgical resection JJ Æ post-op CSI 36–39 Gy 
at 1.8-Gy/fx, with entire PF and mets >1 cm 
boosted to 54 Gy with concurrent vincristine Æ 
PCV chemo. DFS ~60%

Infants  
<3-year old

Surgery JJ Æ intensive chemo. Reserve RT for 
salvage (Duffner et al. 1993; Rutkowski et al. 
2005). DFS ~30–40%

Chang system (Chang et al. 1969)
T1:  £3 cm
T2:  >3 cm
T3a:  > 3cm with extension into the aqueduct of Sylvius and/or the foramen of Luschka
T3b:  > 3cm with unequivocal extension into the brainstem
T4:  > 3cm with extension up past the aqueduct of Sylvius and/or down past the foramen 

magnum
M0 No metastases
M1 Microscopic cells in CSF
M2  Gross Nodular seeding in cerebellar, cerebral subarachnoid space, third or  lateral ventricles
M3 Gross Nodular seeding in spinal subarachnoid space
M4 Extraneuraxial metastasis

Risk categories
Standard risk: age >3 years and GTR/STR with <1.5 cm2 residual and M0
High risk: age <3 years or >1.5 cm2 residual, or M+

Survival
Standard-risk DFS 60–90%
High-risk DFS 20–40%, increased to 50–85% with adjuvant chemo
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STUDIES
ROLE OF CHEMOTHERAPY

Evans et al. (JJ 1990) CCSG/RTOG – phase III: 233 patients with 
medulloblastoma Æ surgery Æ randomized to post-op RT vs. 
post-op chemo-RT followed by chemo × 1 year. RT was CSI 
35–40 Gy with PF boost to 50–55 Gy + spinal mets to 50 Gy. 
Chemo was concurrent vincristine, adjuvant vincristine, CCNU, 
and prednisone ×1 year. Five-year OS 65% in both arms. Chemo 
improved EFS in T3–4, M1–3 (46% for chemo-RT vs. 0% for 
RT alone).
Tait et al. (JJ 1990) SIOP I – phase III: 286 patients with medullo-
blastoma Æ surgery Æ randomized to post-op RT vs. post-op 
chemo-RT followed by chemo × 1 year. RT was CSI 30–35 Gy/PF 
boost to 50–55 Gy. Five-year/10-year OS 53/45%. Initial DFS and 
OS benefit of chemo disappeared with longer F/U secondary to 
late failures in chemo arm. Subgroups T3–4 and gross residual 
disease still benefited from chemo.

JJ PNET 3 (Taylor et al. 2003) – phase III: 217 patients with M0–1 
medulloblastoma Æ surgery Æ randomized to post-op RT vs. 
post-op chemo-RT. Chemo was vincristine/etoposide/carbopla-
tin/cyclophosphomide. Patients 3–16-year old received CSI 
35 Gy + 20 Gy PF boost. Trial closed early due to low accrual in 
RT-alone arm. Five-year OS 71%. Five-year EFS significantly 
better for chemo-RT arm (74 vs. 60%, p = 0.04). Follow-up QOL 
paper reported poorer outcomes in behavior and quality of life 
for chemo-RT arm (Bull et al. 2007).

TIMING OF CHEMOTHERAPY
Bailey et al. (JJ 1995) SIOP II: 364 patients with low-risk (GTR/
STR, no brainstem involvement, M0) and high-risk (gross 
residual, brainstem invasion, or M+) medulloblastoma. All 
low-risk patients randomized to surgery + chemo Æ RT vs. 
surgery Æ RT. Chemo was vincristine, procarbazine, and 
methotrexate. RT was randomized to either standard dose 
35 Gy CSI + 20 Gy PF boost vs. low-dose 25 Gy CSI + 30 Gy PF 
boost. All high-risk patients received 35 Gy CSI + adjuvant vin-
cristine and CCNU. Results: pre-RT chemo did not improve 
5-year EFS (58% with chemo and 60% without chemo). For 
low-risk, no difference with RT alone for 35 vs. 25 Gy (5-year 
EFS 75 vs. 69%).
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STANDARD/AvERAGE/LOW RISK
Thomas et al. (JJ 2000) POG8631/CCG923: 88 low-risk (age 3–21, 
Chang T1–3a, residual <1.5 cm, M0) medulloblastoma Æ ran-
domized to CSI 23.4 Gy/PF 54 Gy vs. CSI 36 Gy/PF 54 Gy. No 
chemo. A trend toward improved outcome with 36 Gy. However, 
overall EFS is suboptimal in the absence of chemo.

JJ POG A9961 (JCO 2006): 379 average-risk medulloblastoma 
patients (age 3–21, no disseminated disease, residual <1.5 cm)
Æ CSI 23.4 Gy/PF 55.8 Gy randomized one of two adjuvant 
chemotherapy regimens (CCNU, cisplatin, vincristine vs. CPM, 
cisplatin, vincristine). Five-year EFS 82 vs. 80%, 5-year OS 87 
vs. 85%, respectively.
Merchant et al. (JJ 2008): 86 newly diagnosed, average-risk 
medulloblastoma. RT began within 28 days of definitive sur-
gery, and consisted of CSI (23.4 Gy), conformal RT to PF 
(36 Gy), and primary site RT (55.8 Gy). Five-year EFS 83%, 
comparable to historical CSI + PF RT.

HIGH-RISK
Zeltzer et al. (JJ 1999) CCG 921: high-risk patients (age 1.5–21, or 
M1–4, or T3–4, or residual >1.5 cm2) randomized to CSI 36 Gy/
PF 54 Gy/spinal mets 50.4–54 Gy (age <3 received CSI 23.4 Gy/
PF 45 Gy) + vincristine Æ VCP ×8 vs. “8 in 1” chemo × 2 Æ RT 
Æ “8 in 1” chemo × 8. “8 in 1” chemo was vincristine, predni-
sone, lomustine, hydroxyurea, procarbazine, cisplatin, cyclo-
phosphamide, and cytarabine. Better 5-year PFS with VCP (63 
vs. 45%, p = 0.006). Seventy-eight percent 5-year PFS for M0, 
>3-year old, £1.5 cm2 residual.
Tarbell et al. (JJ 2000) POG 9031: 226 high-risk patients. random-
ized to chemo1 Æ RT Æ chemo2 vs. RT Æ chemo1 Æ chemo2. 
Chemo1 was cisplatin/etoposide × 7 weeks. Chemo2 was vin-
cristine/cyclophosphamide. RT was CSI 35.2–44 Gy/PF 53.2–
56.8 Gy. Results: no difference in 5-year EFS (70% RT first vs. 
66% chemo first).
(Gajjar et al. 2006) St. Jude JJ Medullo-96: 134 patients (age 3–21). 
Low-risk patients received CSI (23.4 Gy)/PF (36 Gy)/primary 
bed (55.8). High-risk patients received CSI 39.6 Gy/boost to 
55.8 Gy. All patients received dose-intensive chemo × 4 cycles. 
Low-risk 5-year EFS 83%; high risk 70%.

INFANTS
Duffner et al. (JJ 1993): this study addressed whether RT can be 
delayed by giving chemo post-op and delay RT until >3 year 
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age. Patients <3 year with malignant brain tumors (including 
medulloblastoma, malignant glioma, brainstem glioma, 
ependymoma, PNET, etc.) underwent surgery Æ age <2 years, 
24 month of chemo; age >2 year, 12 month of chemo Æ if dis-
ease progression Æ reresect or RT. Chemo was cyclophosph-
amide + vincristine × 2 Æ cisplatin + etoposide × 1. RT was CSI 
35.2 Gy/PF 54 Gy (reduced to 24 Gy/50 Gy if complete response 
after surgery/chemo). Thirty-nine percent CR after the first 2 
cycles of chemo. No difference in 2-year PFS (39 vs. 33%) and 
OS (53 vs. 55%) between two groups (<2 vs. >2 years). Thirty-
four percent PFS and 46% OS for medulloblastoma at 2 year. 
These results suggest that it is safe to delay RT until age 
>3 year.
Rutkowski et al. (JJ 2005) German BTSG – phase II: 43 patients 
(age <3) with medulloblastoma Æ surgery (40% GTR, 32% 
STR, 28% macro mets) Æ intensive chemo ×3c (cyclophosph-
amide, vincristine, methotrexate, carboplatin, and etoposide) 
and intrathecal methotrexate. Five-year PFS was 82 vs. 50 vs. 
33% and 5-year OS was 93 vs. 56 vs. 38% for GTR vs. STR vs. 
macro mets. For M0 patients, 5-year PFS and OS were 68% and 
77%, respectively. Sixty-two percent chemo response rate in 
patients with measurable disease after surgery. Age >2, desmo-
plastic histology and M0 were good prognostic factors. Mean 
IQ after treatment was lower than healthy controls, but higher 
than those who received RT. This study shows that lengthy 
remission can be obtained with intensive post-op chemo in 
children <3 year, reserving RT for salvage.
Geyer (JCO 2005) JJ CCG 9921: 284 patients <3-year-old w malig-
nant brain tumors Æ surgery (167 <1.5 cm residual, 117 >1.5 cm 
residual) Æ randomized to two induction chemo regimens (no 
difference in response rate or EFS). Patients with residual dz after 
induction chemo or w mets at presentation received RT (tumor + 
1.5 cm margin or CSI, respectively) at age 3 year (18 month for 
medullo or supra PNET) or after 8 cycles chemo. Five-year EFS 
27%, OS 43%. Fifty-eight percent of patients alive at 5-year did 
not receive RT. For medullo, 5-year EFS 32%. For supra PNET, 
5-year EFS 17%. 

ONGOING TRIALS
JJ P9934: A phase I/II study evaluating the safety and efficacy of 
systemic chemo, second look surgery and IFRT for children ³8 
month and £36 month with nonmetastatic (M0) medullo-
blastoma.
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JJ ACNS0331: A phase III randomized study comparing limited 
target volume boost irradiation and reduced dose CSI to18 Gy 
to standard dose RT in children with newly diagnosed stan-
dard-risk medulloblastoma.

JJ ACNS0334: Phase III randomized trial for children <36 month 
with high-risk medulloblastoma or PNET. Trial designed to 
evaluate the addition of high-dose methotrexate to the four 
drug induction chemo regimen of vincristine, etoposide, cyclo-
phosphamide, cisplatin. Patients then undergo second surgery, 
followed by consolidation and PBSC rescue. RT at discretion of 
individual institution.

TREATMENT PLANNING
TRADITIONAL PRONE TECHNIQUE

Simulate patient prone, hyperextend the neck to avoid PA beam JJ

exiting through mouth. Head mask for immobilization. Use CT 
for treatment planning. Anesthesia may be required for patients 
unable to cooperate.
Simulate the spine field first.JJ

Superior border: C2 without exiting through mouth (slight JJ

neck hyperextension may help minimize exit through mouth).
Inferior border: bottom of S2 or lowest level of the thecal sac JJ

as seen on MRI.
Lateral borders: 1 cm lateral to the lateral edge of pedicles, JJ

increase by 1–2 cm in sacrum to cover spreading of neural 
foramen inferiorly.
Field length <35 cm, use 100 cm SSD; >35 cm, use 120 cm JJ

SSD.
In some patients, two adjacent spinal fields may be required JJ

to encompass the spine. When two spinal fields are used, 
match at depth of mid spinal cord.
Use CT or MRI to determine depth of spinal cord.JJ

Simulate the cranial field second. Two parallel-opposed lateral JJ

fields.
Superior border flash the skin. Inferior border 0.5–1 cm on JJ

cribiform plate, 1 cm on middle cranial fossa. One centim-
erer anterior to the vertebral bodies, 2–2.5 cm posterior to 
eye markers. May angle gantry to align eyelid markers to 
avoid radiation to the lens.

JJ Collimator angle (of the cranial field) to match diverging spinal 
fields = arctan(1/2 length superior spine field/SSD).
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JJ Couch angle (of the spinal field) to match diverging cranial 
fields = arctan(1/2 length cranial field/SAD). The foot of couch 
is rotated toward the side treated. Alternative to couch angle is 
to beam split lower border of the cranial field to avoid any over-
laps at any depth with upper border of the spinal field.
Various beamsplit techniques may be utilized to avoid overlaps JJ

at depth (see Fig. 2.1).
JJ Gap shift = For every 9 Gy, extend the cranial field inferiorly by 
1 cm, shift the upper spine field inferiorly by 1 cm, and shorten 
the lower spine field by 1 cm. Need to recalculate couch angle 
each time.

JJ PF boost: use 3DCRT and CT/MRI for planning.

SUPINE TECHNIQUE (SOUTH ET AL. 2008)
Patient simulated supine on CT with thermoplastic mask JJ

immobilization. Isocenter set at level of C2 vertebral body and 
marked on mask. Two CT scans then obtained, both covering 
the isocenter: one of head with 3 mm spacing, one of spine with 
5 mm spacing.
Brain, spinal cord, and OARs outlined on planning CT.JJ

Brain lateral fields are half-beam blocked and set with JJ

Y2 = 20 cm, Y1 = 0 cm.
An 11° collimator rotation is used to match the beam diver-JJ

gence of the superior border of the spinal field because the 
spine field isocenter is always located 20 cm inferior to the  
C2 brain field isocenter. If an inferior spinal field is required, its 
iso is always located 30 cm inferior to the superior spine field 
iso The length of the superior portion of the inferior spine field 
is adjusted with asymmetric jaws in order to match the inferior 
limit of the superior spine field at the depth of the posterior 
surface of the vertebral body at that level. The length of the 
inferior portion of the inferior spine field is adjusted with asym-
metric jaws to cover the caudal extent of the thecal sac.
All fields use a common 100 cm SAD, so only the couch need be JJ

moved longitudinally to treat each field.
Surface gaps are confirmed with the spine fields in the anterior JJ

position as measured from the reconstructed sagittal CT images 
obtained from the treatment planning system.
Feathering is accomplished with the use of asymmetric jaws. JJ

The inferior jaw of the brain fields is opened by 1 cm every 
9 Gy, while the superior border of the superior spinal field is 
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decreased by 1 cm. The small change in FS is a negligible dif-
ference in divergence, so 11° collimation can still be used. With 
an inferior spine field, the inferior border of the superior spine 
field is decreased by 1 cm every 9 Gy and the superior border of 
the inferior field is increased by 1 cm.

Fig. 2.1  Various techniques of cranio-spinal irradiation
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All fields are imaged on a daily basis the first week, then weekly JJ

thereafter. The anterior surface gaps are checked daily.
If the cranial field length exceeds 20 cm, the half-beam blocked JJ

fields may be treated at extended SAD with a fixed lateral couch 
translation.

ALTERNATIvE DELIvERY METHODS

Protons may be employed to reduce exit dose.JJ

Tomotherapy may avoid the need to match fields, but greater JJ

whole body dose exposure.

PRIMARY SPINAL CORD TUMORS
PEARLS

Primary spinal cord tumors account for 4% of all CNS tumors JJ

overall, and 6% of CNS tumors in children.
2/3 extramedullary, 1/3 intramedullary.JJ

Intramedullary = astrocytoma (most common), ependy moma, JJ

and oligodendroglioma.
Intradural-extramedullary = meningioma, ependymoma, nerve JJ

sheath tumors.
Extradural = metastasis, bone osteogenic sarcoma, chondrosar-JJ

coma, chordoma, myeloma, epidural hemangiomas, lipomas, 
extradural meningiomas, and lymphomas.
Astrocytomas are more common in C/T spine and frequently JJ

associated with cysts.
Ependymomas are more common in L/S spine.JJ

Presentation: focal pain, segmental or nerve root weakness, JJ

sensory deficit in dermatomal distribution, incon tinence.
Brown-Séquard Syndrome = ipsilateral loss of motor function JJ

and fine touch sensation, and contralateral loss of pain and 
temperature sensation.
Workup: MRI spine, CSF cytology, MRI brain for ependymoma, JJ

lymphoma, AA, metastases and GBM, CT chest for sarcomas, 
no LP before MRI.
MRI: nearly all spinal cord tumors enhance with gadolinium, JJ

including low-grade gliomas.
CSF: increased protein, possible xanthochromia (with extra-JJ

dural compression).
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TREATMENT RECOMMENDATIONS

All tumors resect-
able, operable

Maximal safe surgical 
resection

Outcomes

Low-grade glioma, 
GTR

Observation 5-year OS 60–90%
5-year DFS 40%

Low-grade glioma, 
STR

RT to 50–54 Gy 5-year OS 60–90%
5-year DFS 40%

High-grade glioma RT to 54 Gy. Consider 
adjuvant chemo

5-year OS 0–30% MS 
6–24 month

Ependymoma RT to 50–54 Gy ± CSI (for 
documented neuraxis 
dissemination)

5-year OS 60–100%
5-year DFS 60–90%
Low-grade OS: 85–100%
High-grade OS: 25–70%

Meningioma, GTR Observation

Meningioma, STR Observation, or RT to 
50–54 Gy or SBRT

Spinal cord sarcomas, 
vertebral body chondr o 
sarcomas, chordomas, 
osteogenic sarcomas

SBRT or charged par-
ticle beams

Recurrent tumor Surgical resection or 
reirradiation

ARTERIOVENOUS 
MALFORMATION
PEARLS

Average age 30 year.JJ

Annual rate of spontaneous hemorrhage ~2–4% with morbidity JJ

20–30% per bleed and mortality 1%/year or 10–15% per bleed.
There is a period of decreased risk of hemorrhage during latent JJ

interval after SRS treatment before complete angiographic 
resolution.
After angiographic obliteration, lifetime risk of hemorrhage  JJ

is £1%.
SRS produces progressive thickening of the vascular wall and JJ

luminal thrombosis.
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Obliteration takes several years.JJ

Treatment.JJ

Microsurgical resection or SRS are both options.JJ

Treat entire nidus, but not feeding arteries or draining veins.JJ

Tailor dose according to volume and location.JJ

Maruyama et al. (JJ 2005) reviewed 500 patients treated with SRS 
who were followed with serial exams, MRI and/or angiography. 
Mean dose 21 Gy. Cumulative 4-year obliteration rate 81%, 
5 year 91%. Hemorrhage risk reduced by 54% during latency 
period and by 88% after obliteration compared to before SRS.
Obliteration rate at 2-year for lesions <2 cm is 90–100% and for JJ

>2 cm is 50–70%.
F/U: MRI every 6 month × 1–3 year, then annually. Once MRI JJ

shows obliteration, obtain angiogram to confirm (gold 
standard).

TRIGEMINAL NEURALGIA
PEARLS

Disorder of the sensory nucleus of CN V causing episodic, par-JJ

oxysmal, severe pain lasting seconds to minutes, followed by a 
pain free period in the distribution of one or more of its 
divisions.
Peak age 60 year. F:M 2:1.JJ

Often precipitated by stimulation (e.g., shaving, brushing teeth, JJ

wind).
Obtain MRI to rule-out neoplasm in cerebellopontine angle.JJ

Medical management is standard treatment (carbamazepine, JJ

gabapentin, antidepressants, etc.).
Surgical options include nerve blocks, partial sensory rhizo-JJ

tomy, balloon decompression of the Gasserian ganglion, micro-
vascular decompression, and peripheral nerve ablation 
(radiofrequency, neurectomy, cryotherapy).
SRS may also be used with dose of ~80 Gy to 100% isodose JJ

line.
Median time to pain relief with SRS is ~1 month. Approxi mately JJ

50–60% become pain free, ~10–20% have decreased severity or 
frequency of pain, and ~5–10% have slight improvement only. 
Less than 10% developed facial numbness.
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Chapter 3

Malignant and Benign Diseases 
of the Eye and Orbit

Tania Kaprealian, Kavita K. Mishra, Alice Wang-Chesebro, 
and Jeanne Marie Quivey

GENERAL PEARLS
All eye/orbit malignancies are uncommon: per ACS, approxiJJ

mately 2,390 new cases/year.
Percentage of malignant tumors increases with age, due to JJ

increases in primary orbital lymphoma (OL) and metastatic 
lesions in the elderly (both in choroid and in the orbit).
Most common intraocular malignancy in adults: choroidal JJ

metastasis, usually adenocarcinoma, especially from lung, 
breast, and prostate.
Most common primary eye malignancy in adults: uveal JJ

melanoma.
Most common primary eye malignancy in children: JJ

retinoblastoma.
Most common primary orbital malignancy in adults: JJ

lymphoma.
Most common primary orbital malignancy in children: JJ

rhabdomyosarcoma.
This chapter will discuss uveal melanoma, OL, intraocular JJ

lymphoma (IOL), thyroid ophthalmopathy, and orbital lym
phoid hyperplasia (for Retinoblastoma and Rhabdomy
osarcoma, see Part XI).
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UVEAL MELANOMA
PEARLS

Most common primary intraocular malignancy in adults.JJ

Ocular melanomas represent ~3–5% of all melanomas, of which JJ

85% are uveal, 5% conjunctival, and 10% other.
In the US, ~1,500–2,000 cases/year.JJ

Thought to arise from melanocytes of the uveal tract (pigmented JJ

layer of the eye that includes the iris, ciliary body, and choroid).
Average age at diagnosis is 60 years (peak incidence 60–79).JJ

Maletofemale ratio is 1.3:1.JJ

Risk factors: light eyes, melanocytosis in affected eye, arc weldJJ

ing, history of sun/snow burn.
Xeroderma pigmentosum, oculodermal melanocytosis, and JJ

dysplastic nevus syndrome may predispose to melanoma.
Histologic subtypes: spindle cell (grade 1), mixed cell (grade 2), JJ

epithelioid cell (grade 3).
Presentation: ~1/3 asymptomatic, found on exam; patient JJ

reports visual distortion, field loss, floaters, scotomas, flashing 
lights, unilateral cataract, pain.
Patterns of spread: (1) intraocular spread, including vitreous JJ

seeding; (2) extrascleral extension (15% of patients); (3) metas
tasis may occur after a prolonged diseasefree interval; typi
cally liver (~90%), also skin and lung; brain mets are rare.
Poor prognostic factors include larger tumor diameter, greater JJ

thickness, ciliary body invasion, near fovea/macula, scleral 
penetration, optic nerve invasion, mixed/epithelioid cell type, 
high mitotic rate, Ki67+, pleomorphic nucleoli, lymphocytic 
infiltration, monosomy of chromosome 3, gene expression pro
filing, and older age.
Collaborative Ocular Melanoma Study (COMS) size classificaJJ

tion: small melanomas (1–3 mm thick and 5–16 mm in largest 
dimension), mediumsized melanomas (2.5–10 mm thick, and 
£16 mm in largest dimension), and large melanomas (>10 mm 
thick and/or >16 mm in largest dimension).

WORKUP
H&P includes measurement of tumor diameter/thickness, locaJJ

tion, geometry, and tumor coloration.
Labs: CBC, LFTs, LDH.JJ

Imaging: fundus photography, fluorescein angiography, ocular JJ

ultrasound (Kretz A&B), and MRI. CT of chest/abdomen if 
LFTs are elevated.
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TREATMENT RECOMMENdATIONS

2002 Stage Recommended treatment

Small, indeter
minate pigmented 
lesions

Serial observation (COMS showed no difference in JJ

survival with early treatment, and vision preserved 
longer with observation). ~2/3 do not grow
If growth, then consider surgery, laser, protons/JJ

charged particles, plaque, or SRS

Mediumsized 
lesions (T2)

Options:JJ

Surgery: enucleation, orbital exenteration, JJ

local resection ± adjuvant RT
Proton radiotherapy, helium, or SRSJJ

I125 brachytherapy (other isotopes also used)JJ

Largesized  
lesions (T3+)

Enucleation standard. Select large tumors, may JJ

consider eyeconserving options above

Recurrent  
lesion without 
metastases

Options:JJ

Surgical salvage: enucleationJJ

Reirradiation (Marucci et al. JJ 2006)

STUdIES
Only randomized study of plaques vs. particles: JJ UCSF/Berkeley 
(Char et al. 1993): 184 patients with T2/T3 lesions randomized 
to 70 GyE with helium (5 fx in 5–7 days, <2 min fx) vs. I125 
plaque (0.7–0.75  Gy/h at apex). LC was 100% He vs. 83% I125; 
subsequent enucleation He 9.3% vs. I125 17.3%. No survival 
differences. Different toxicities: more dry eye, epiphora, neo
vascular glaucoma with He vs. temporary strabismus unique to 
brachytherapy.
UCSF (Quivey et al. JJ 1993): 449 patients treated with I125; 
~13% recurred locally; increased local failure with smaller 
tumor height, closer proximity to fovea/disk and optic nerve, 
larger diameter, lower radiation dose.
COMS (JJ 1997, 2006, 2004): three part multicenter randomized 
study.

Small tumors: 204 patients with small/T1 nonprogressive JJ

tumors enrolled for observational study with treatment only 
if progression documented. Fiveyear OS 94%, 8year OS 
85%; 5year DSS 99%; 8year DSS 96%. No apparent loss of 
survival and good preservation of vision with close followup 
of small lesions.
Medium tumors/T2: 1,317 patients with selected T2 tumors JJ

(not abutting optic disk) randomized to brachytherapy (n = 657) 
vs. enucleation (n = 660). No  difference in 5year OS (81–82%). 
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Approximately 60% patients who died had DM at death. Visual 
acuity declined over time with brachytherapy plaque patients 
5year LF ~10%, 5year eye retention ~85%. Twelveyear 
update: OS 57–59%, 12year CSS 79–83%.
Large tumors: 1,003 patients with largesized tumors ranJJ

domized to enucleation vs. preop 20 Gy EBRT + enucle
ation. No OS difference (5year OS ~60%, 5year DSS 73%). 
Tenyear update: OS 39%, CSS 55–60%.

Egger et al. (JJ 2001): 2,435 patients treated with protons 
54.5 Gy in four fractions. Fiveyear LC 96%, 10year 95%. 
Near fovea increased LF 5 years ~30%. LC correlated with 
CSS. Approximately 990 patients treated after 1993 with con
temporary practice, 5year LC 99%, 5year CSS 88%.
Gragoudas et al. (JJ 2000, 2006) 188 patients randomized to proton 
therapy 50 cobalt GyE and 70 CGE in five fractions. No difference 
in ocular toxicity or 5year LC. Overall, >2,000 patients treated at 
Harvard cyclotron with protons for uveal melanoma, 5year LC 
97% and 15year LC 95%, 5year OS 78.5%.

JJ Metastatic progression – COMS 26 (DienerWest et al. 2005): 
COMS medium and large trial patients were followed prospec
tively for metastatic progression. Metastatic melanoma rate at 
5 years 25%, 10 years 34%, with increased tumor size as poor 
prognostic factor. MS (median survival) ~6 months. Most com
mon sites included: ~90% liver, 30% lung, 20% bone.

RAdIATION TEChNIQUES
PROTON/ChARGEd PARTICLE ThERAPY

Surgical placement of tantalum rings for tumor localization purJJ

pose: perilimbal incision made and rectus muscles isolated with 
suture slings; melanoma localized with transillumination and 
3–5 marker rings sutured in position around the tumor base.
Treatment planning: use EYEPLAN software with around the JJ

tumor base tantalum ring coordinates, ultrasound measure
ments, surgeon’s mapping, fundus photo, MRI to build model 
of patient eye, tumor, and normal structures.
Field design: 2–2.5 mm margin on tumor. Optimize gaze angle, JJ

field collimation, and beam depth and width of Bragg peak to 
ensure tumor coverage and minimize dose to critical structures 
(ON, disk, macula, lens, ciliary body, etc.)
Dose prescription: 56 GyE in five fractions (GyE = Gray equivaJJ

lent = dose in Gy × RBE of protons 1.1). Typical treatment 
duration 1–2 min/fx.
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EPISCLERAL PLAQUE
Field design: tumor + margin to include scleral thickness JJ

(1 mm) + 1–2 mm around tumor.
One millimeter spacer (or contact lens) used to minimize hot JJ

spots over individual seeds.
Surgical placement with general or local anesthesia, and as JJ

above, localize melanoma with transillumination. Suture 
dummy plaque into place, and verify position. Then suture 
radioactive plaque, irrigate eye with antibiotic solution, close 
conjunctiva, and place lead eye shield.
Patient usually discharged in 24 h, return for plaque removal in JJ

4–7 days.
Dose prescription: minimum tumor I125 dose 85 Gy; dose rate JJ

0.60–1.05 Gy/h.
ABS guidelines: plaques not advised for large tumors: peripapJJ

illary or macular tumors due to lower LC and poorer visual 
outcome. Also not suitable for gross extrascleral extension, ring 
melanoma, and tumor involving more than half of the ciliary 
body (Nag et al. 2003).

STEREOTACTIC RAdIOSURGERY (SRS)
Treatment planning, dose prescription/homogeneity, and JJ

method of eye fixation/monitoring vary for typical duration of 
each treatment fraction of up to 1 h (concerns of corneal dry
ness and fatigue). Doses include 25–40 Gy single fx to 50% iso
dose line; 48–70 Gy multifraction.
SRS/SRT generally deliver higher doses to normal structures JJ

(i.e., ipsilateral lacrimal gland, contralateral eye, thyroid, and 
peripheral organs) and has greater tumor inhomogeneity com
pared with either proton therapy or plaque (Weber et al. 2005; 
Zytkovicz et al. 2007).

OUTCOMES
LC higher for charged particles/protons vs. plaques in prospecJJ

tive randomized and retrospective data. Fiveyear LC particles 
~92–99%. Fiveyear LC plaque ~81–96%.
Need RCT and longer followup to evaluate relative outcomes JJ

and toxicity for SRS.
Overall survival rates are comparable between surgery and JJ

radiation techniques of plaque and charged particles.



84 Handbook of EvidEncE-basEd Radiation oncology

COMPLICATIONS
Episcleral plaque: RT retinopathy up to 43% (depends on the JJ

length of followup), optic atrophy, cystoid macular edema, 
cataracts, vitreous hemorrhage, neovascular glaucoma, central 
retinal vein occlusion, scleral necrosis, secondary strabismus 
(5%).
Proton/helium: increased anterior complications from entrance JJ

beam including epiphora, dry eye, lash loss, neovascular glau
coma, cataract, telangectasias, hemorrhage, maculopathy, 
retinopathy, and optic neuropathy.
Need for enucleation for complications or tumor recurrence.JJ

Vision loss variable; depends on initial visual acuity, tumor JJ

location/size, distance/dose to macula, disk, and nerve.

FOLLOW-UP
H&P including ocular ultrasound and fundus photo every 3–6 JJ

months initially, then annually. LFTs or abdominal imaging ± 
CXR annually.

ORBITAL LYMPHOMA
PEARLS

Includes lymphoid malignancies of the conjunctiva, lacrimal JJ

apparatus, eyelids, uvea, and intraconal and extraconal retrob
ulbar areas.
In contrast to IOL, OL is generally an indolent disease.JJ

Most lesions are lowgrade Bcell lymphomas.JJ

Most common histology: extranodal marginal zone Bcell lymJJ

phoma or mucosaassociated lymphoid tissue (MALT).
Common presentations: orbital mass, proptosis, eye swelling, diploJJ

pia, salmon colored conjunctival mass, and increased tearing.
Most patients present in seventh decade of life.JJ

WORKUP
H&P includes fundoscopy and measurement of tumor includJJ

ing exophthalmometer if proptosis.
Labs: CBC, LFTs.JJ

Imaging: fine cut orbit CT and MRI. Brain MRI. Rule out sysJJ

temic lymphoma with CT chest, abdomen, and pelvis.
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Tissue diagnosis: biopsy of lesion with immunohistochemistry JJ

and flow cytometry analysis; also bone marrow biopsy for sys
temic workup.

STAGING (AJCC 7Th Ed., 2010): ORBITAL LYMPhOMA

Ann Arbor staging system often used as for other lymphomas JJ

(see Chap. 35).
Working Formulation and REAL classifications of NHL used to JJ

characterize lowgrade vs. intermediate/highgrade lesions for 
management decisions.

Primary tumor (T)
TX: Lymphoma extent not specified
T0: No evidence of lymphoma
T1:  Lymphoma involving the conjunctiva alone without orbital involvement
 T1a: Bulbar conjunctiva only
 T1b: Palpebral conjunctiva ± fornix ± caruncle
 T1c: Extensive conjunctival involvement
T2:  Lymphoma with orbital involvement ± any conjunctival involvement
 T2a:  Anterior orbital involvement (± conjunctival involvement)
 T2b:  Anterior orbital involvement (± conjunctival involvement + lacrimal involvement)
 T2c:  Posterior orbital involvement (± conjunctival involvement ± anterior involvement 

and ± any extraocular muscle involvement)
 T2d:  Nasolacrimal drainage system involvement (± conjunctival involvement but not 

including nasopharynx)
T3:  Lymphoma with preseptal eyelid involvement (defined above)16 ± orbital involvement 

± any conjunctival involvement
T4:  Orbital adnexal lymphoma extending beyond orbit to adjacent structures such as bone 

and brain
 T4a: Involvement of nasopharynx
 T4b: Osseous involvement (including periosteum)
 T4c:  Involvement of maxillofacial, ethmoidal, and/or frontal sinuses
 T4d: Intracranial spread

Regional lymph node (N)
NX: Involvement of lymph nodes not assessed
N0: No evidence of lymph node involvement
N1: Involvement of ipsilateral regional lymph nodes*
N2:  Involvement of contralateral or bilateral regional lymph nodes*
N3:  Involvement of peripheral lymph nodes not draining ocular adnexal region
N4: Involvement of central lymph nodes

*Note: The regional lymph nodes include preauricular(parotid), submandibular, and cervical.

distant metastasis (M)
M0: No evidence of involvement of other extranodal sites
M1a:  Noncontiguous involvement of tissues or organs external to the ocular adnexa (e.g., 

parotid glands, submandibular gland, lung, liver, spleen, kidney, breast, etc.)
M1b: Lymphomatous involvement of the bone marrow
M1c: Both M1a and M1b involvement

Used with the permission from the American Joint Committee on Cancer (AJCC), Chicago, 
IL. The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010), published by Springer Science+Business Media.
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TREATMENT RECOMMENdATIONS
Extent of disease Treatment options

Low grade, limited disease Best results seen with RT alone, dose 
30–30.6 Gy, in 1.5–1.8 Gy fractions

Intermediate/high grade, or 
systemic disease with orbital 
involvement

Combined systemic chemo (e.g., CHOP) 
and RT to orbit (40 Gy). For CD20+, add 
rituximab

STUdIES
Esik et al. (JJ 1996): review of 37 patients with OL treated with RT 
after biopsy (17 patients), surgery alone (13 patients), or chemo 
(7 patients). Median RT dose 34.8 Gy. Tenyear local RFS was 
100% with RT, 0% with surgery alone, and 42% with chemo. 
Twentyyear CSS was 100% with RT, 67% with surgery alone, 
and 0% with chemo.
Stanford (Le et al. JJ 2002): series of 31 patients with MALT lym
phoma treated with 30–40 Gy (mean 34 Gy) using 9–20 MeV 
electrons for conjunctival lesions, 6 MV photons for retrobul
bar; lens shielded. Tenyear OS 73%, LC 100%. Tenyear free
dom from relapse 71% with most failures extranodal mucosa. 
No difference with dose £34 vs. >34 Gy. Two patients had reti
nal damage >34 Gy.
Bolek et al. (JJ 1999): series of 38 patients, 20 with limited disease 
treated with curative intent, 18 with extensive disease. Median 
dose 25 Gy. LC achieved in 37/38 patients. For patients treated 
curatively, 5year CSS was 89% for low grade, and 33% for 
intermediate/high grade. Cataracts: 7/21 patients without 
shielding, 0/17 with shielding.
Pfeffer et al. (JJ 2004): 23 patients with OL were retrospectively 
reviewed. Twelve patients with limited disease were treated to 
partial orbital volumes and 11 patients with more extensive 
disease received whole orbit RT. Dose was 20–30 Gy for low
grade lymphoma and 24–40 Gy for intermediate to highgrade 
lymphoma. All patients had complete response to RT. Four 
patients treated with partial orbital RT had intraorbital 
 recurrence in previously uninvolved regions not covered in the 
initial target volume. These patients were salvaged with RT or 
surgery. No intraorbital recurrences seen in patients treated 
with whole orbit RT.
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RAdIATION TEChNIQUES
EBRT

Set up patient supine, immobilize head with thermoplastic JJ

mask.
Place radioopaque markers at lateral canthus or radioopaque JJ

contact lens to help define fields.
For anterior lesions involving eyelid or bulbar conjunctiva, use JJ

electron beam 6–9 MeV with 0.5–1.0 cm bolus.
Lens shield used if tumor coverage is not compromised. Lens JJ

block can be placed directly on the cornea after topical anesthetic 
if mounted on a Lucite conformer. Daily placement of block 
should carefully place it within limbus. Hanging blocks provide 
less reliable shielding when using electron beams.
Lacrimal lesions as well as those involving intra or extraconal JJ

spread benefit from more sophisticated planning techniques: 
obtain CT for 3D CRT/IMRT planning.
Dose prescription: 30 Gy in 1.8–2 Gy fractions with CT/MRI JJ

planning.

COMPLICATIONS
Acute: mild skin erythema.JJ

Late: depends on technique and shielding; includes cataracts, JJ

vitreous hemorrhage, retinopathy, second tumors in field of 
irradiation, dry eye, and glaucoma.

FOLLOW-UP
H&P every 3 months for 1 year, every 4 months for second year, JJ

every 6 months for third and fourth year, then annually.

INTRAOCULAR LYMPHOMA
PEARLS

Very rare: a subset of primary CNS lymphomas, which account JJ

for 1–2% extranodal lymphomas.
Confined to neural structures; distinguished from OLs, which JJ

involve the uvea and ocular adnexa of the orbit, lacrimal gland, 
and conjunctiva.
Histology: usually diffuse large Bcell nonHodgkin’s lymphoma.JJ
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Median age of onset in immunocompetent patients is late JJ

50s–60s.
More common in men.JJ

Of the patients who develop primary intraocular lymphoma JJ

(PIOL), 60–80% will go on to develop CNS disease within 3 years.
Conversely, 25% of patients with primary CNS lymphoma withJJ

out initial eye involvement will develop IOL.
Common presentations: blurred vision, floaters; less common: JJ

red eye, photophobia, ocular pain, uveitis; ocular disease is 
bilateral in ~80% cases.
Recurs in 50% of cases.JJ

No universal staging system.JJ

Optimum treatment remains unclear.JJ

WORKUP
H&P includes fundoscopy, slit lamp examination, measureJJ

ment of tumor; thorough CNS evaluation.
Labs: CBC, LFTs, ESR, lumbar puncture – CSF for cytology, JJ

chemistry, cytokine analysis; immunohistochemistry and flow 
cytometry of lymphoma cells from CSF/vitrectomy/biopsy.
Brain/orbit MRI. Consider stereotactic brain biopsy for suspicious JJ

brain lesions, fluorescein angiography, and ocular ultrasound.
Systemic workup (CT chest, abdomen, pelvis, and bone marJJ

row biopsy).
Tissue diagnosis: diagnostic vitrectomy, vitreous aspiration JJ

needle tap. Patients suspected of having IOL with no lesion on 
imaging should have diagnostic vitrectomy on eye with more 
severe vitreitis/worse visual acuity.
If vitrectomy is nondiagnostic, consider chorioretinal biopsy or JJ

enucleation.

TREATMENT RECOMMENdATIONS

Extent of disease Treatment options

Limited to eye Combined chemoRT: use highdose systemic 
chemo ± intrathecal chemo + RT (ocular + 
brain) or chemo alone

Eye disease with primary 
CNS lymphoma

Combined chemoRT. Ocular RT ± whole 
brain RT, from 20 to 45 Gy at 1.8–2 Gy/fx

Refractory/recurrent Chemo alone or highdose chemo and stem 
cell rescue
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STUdIES
Hoffman et al. (JJ 2003): series of 14 HIV negative patients with 
IOL. Most had lymphoma elsewhere; 64% had bilateral dis
ease; 29% had prior systemic lymphoma; 57% had PCNSL; 
29% nonB cell. Ten out of 14 (71%) received combined 
chemoRT (most common 40 Gy in 20–25 fx). Four out of 
fourteen received chemo alone. Seventynine percent of 
patients died of lymphoma with 16month median survival. 
Patients without CNS involvement had improved survival (50 
vs. 10%). RT complications included cataracts (50%), dry eye 
(40%), punctuate keratopathy (20%), retinopathy (20%), and 
optic atrophy (10%).
Berenbom et al. (JJ 2007): 12 patients with 21 eyes diagnosed 
with PIOL retrospectively reviewed. Six patients were treated 
with RT and chemotherapy, 4 patients chemotherapy alone, 1 
patient RT alone, and 1 patient no treatment. No relapses seen 
in patients treated with RT compared with two relapses in 
patients who did not receive RT. Complications of RT include 
dry eye, cataract, and mild retinopathy. RT is effective and has 
acceptable complications.

THYROID OPHTHALMOPATHY
PEARLS

Usually in association with Graves’ disease but can arise in JJ

association with Hashimoto’s thyroiditis.
Histopathology: Tcell predominant lymphocytic infiltration of JJ

orbital tissues; also glycosaminoglycans in periorbital fat and 
extraocular muscles.
Present with exophthalmos, impaired extraocular muscle JJ

involvement, diplopia, blurred vision, periorbital edema, 
chemosis (conjunctival edema), lid retraction, and compressive 
optic neuropathy.

WORKUP
H&P includes measurement of proptosis with Hertel JJ

exophthalmometer.
Labs: CBC, chemistries, thyroid function tests.JJ

Imaging: orbit CT, MRI.JJ
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TREATMENT RECOMMENdATIONS

If stable, no threat of impending visual loss, begin with treatJJ

ment of underlying thyroid disorder.
If moderate symptomatic/progressive/refractory to thyroid JJ

treatment, options include orbital RT ± systemic immunosup
pressive agents, especially IV corticosteroids, oral steroids, 
cyclosporine, others.
For visual loss unresponsive to corticosteroids (loss of color JJ

vision, a key symptom of optic nerve compression), decom
pressive surgery.
EBRT: 20 Gy in 10 fx, see 50–80% response rate.JJ

STUdIES
Upenn Study (Prummel et al. JJ 1993): 56 patients with moder
ately severe Graves’ ophthalmopathy (no corneal involvement 
or loss of visual acuity) euthyroid for at least 2 months, ran
domized to 3 months oral prednisone + sham RT vs. retrobul
bar RT to 20 Gy + placebo capsules. Results: same rate of 
responders/no change/failures (RT 46/40/14%, prednisone 
50/36/14%), but steroid therapy had much higher minor, mod
erate, and major complications rates. Note that 75% of all 
patients (71% RT, 79% prednisone) ultimately needed decom
pressive/squint/rehabilitation surgery, regardless of treatment.

JJ Stanford series (Lanciano et al. 1990): 311 patients treated from 
1968 to 1988, most with 20 Gy. Some patients treated from 1979 
to 1983 received 30 Gy, but no benefit was noted from increased 
dose. Results: improved or complete resolution of soft tissue 
changes 80%, proptosis 51%, eye muscle impairment 61%, visual 
acuity 61%. Of 1/3 patients who were on steroids when starting 
RT, 76% were able to discontinue use. Treatment welltolerated 
with 10% acute toxicity.
Prummel et al. (JJ 2004): doubleblind RCT. Fortyfour patients 
received orbital RT and 44 patients received sham RT. RTtreated 
patients had significant improvement in eye motility and diplo
pia. RT may not be associated with improvement in quality of 
life.
Bradley et al. (JJ 2008): literature review of five observational 
studies and nine RCTs regarding orbital RT for Graves 
 opthalmopathy. Three of the RCTs were sham controlled and 
none showed that RT was better than sham for improving prop
tosis, lid fissure, or soft tissue changes (i.e., eyelid swelling). 
Two of the 3 RCTs had improved vertical range of motion in 
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RTtreated subjects compared to controls. Risk of radiation 
retinopathy is 1–2% within 10 years of RT.

RAdIATION TEChNIQUES
SIMULATION ANd FIELd dESIGN

Set up patient supine; immobilize head with thermoplastic JJ

mask. Highly recommend cutting out around eyes to allow 
verification of clinical setup.
Place radioopaque markers at lateral canthus or radioopaque JJ

contact lens to define fields.
Place the beam split anterior field border 11–12 mm behind JJ

cornea to spare lens (Fig. 3.1).
Fields: usually lateral opposed, although angled opposed beams JJ

needed for marked asymmetry of proptosis, extending from 
just behind the lens of the globe to the anterior clinoids with 
superior and inferior margins defined by the bony orbit; gen
eral range of 4 × 4 to 5.5 × 5.5 cm with appropriate shielding.

Fig. 3.1  Lateral DRR of a field used to treat thyroid ophthalmopathy
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Techniques to minimize divergence into contralateral lens.JJ

Half beam block anterior edge of field (preferred).JJ

Alternatively, angle lateral fields 5° posteriorly (can use CT JJ

scan to ensure the optimal beam angle is selected).
Dose prescription: 20 Gy in 2 Gy fx.JJ

Dose limitation: lens<10 Gy.JJ

ORBITAL PSEUDOTUMOR/
LYMPHOID HYPERPLASIA/
PSEUDOLYMPHOMA
PEARLS

Very rare benign orbital mass lesions in which mature lymphoJJ

cytes (polyclonal) are noted.
Usually present with soft tissue swelling, orbital pain, proptoJJ

sis, extraocular muscle involvement, and less common 
decreased visual acuity.

WORKUP
A diagnosis of exclusion: need to rule out lymphoma, metaJJ

static carcinoma, sarcoma, and infectious causes of orbital 
inflammation.
H&P exam includes measurement of tumor diameter, location, JJ

and geometry.
Labs: CBC, LFTs, ESR, lumbar puncture – CSF for cytology, JJ

chemistry, and cytokine analysis.
Imaging: brain/orbit CT, MRI.JJ

Tissue diagnosis: biopsy to rule out malignancy; may analyze with JJ

flow cytometry for clonality and immunohis tochemistry.

TREATMENT RECOMMENdATIONS

First line: corticosteroids; ~50% patients have durable comJJ

plete response.
If contraindications to steroid therapy, unacceptable toxicities JJ

with steroids, or refractory/recurrent: EBRT most commonly 
20 Gy in 10 fx.
Local control rates with radiation, 74–100% for doses JJ

380–3,600 cGy.



93cHaptER 3: Malignant and bEnign disEasEs of tHE EyE and oRbit

III

TRIALS/STUdIES
Lanciano et al. (JJ 1990): series of 26 orbits in 23 patients with 
orbital pseudotumor, of whom 87% had a trial of corticoster
oids before RT treated with 20 Gy in 10 fx. Results: 66% dura
ble complete response; 11% had local relapse and went on to 
achieve CR with more treatment or spontaneously. Eleven per
cent had PR; only 11% had no response.

RAdIATION TEChNIQUES
Simulation and field design: as per thyroid ophthalmopathy.JJ

Dose prescription: 20 Gy in 2 Gy fxs.JJ

COMPLICATIONS
Acute: mild skin erythema.JJ

Late: depends on technique and shielding; includes cataracts, vitJJ

reous hemorrhage, retinopathy, hypopituitarism, and second 
tumors in the field of irradiation, especially with >60 Gy.

FOLLOW-UP
H&P every 3 months for 1 year, every 4 months for second year, JJ

every 6 months for third and fourth years, then annually.
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Chapter 4

Cancer of the Ear

Fred Y.  Wu, Eric K. Hansen, and Sue S.  Yom

PEARLS
The ear consists of pinna (auricle), external auditory canal JJ

(EAC), tympanic membrane, middle ear (containing the audi-
tory ossicles), and inner ear in the petrous portion of the tempo-
ral bone (consisting of the bony and membranous labyrinth).
Primary middle ear and temporal bone tumors are rare, but JJ

external ear cutaneous malignancies may involve these 
structures.
BCC >> SCC for malignancies of the external ear, but SCC JJ

accounts for 85% of EAC, middle ear, and mastoid tumors.
Nodal metastases occur in <15% with lymphatic drainage to JJ

parotid, cervical, and postauricular nodes.

WORKUP
H&P with otoscopy and careful LN exam. CBC, chemistries, JJ

BUN/Cr. CT, MRI. Biopsy. Audiologic testing.

STAGING
No site-specific AJCC/UICC staging system exists; may use JJ

 histology appropriate staging (e.g., skin).
Several proposed staging systems for EAC and middle ear; JJ

modified University of Pittsburgh system often cited (Hirsch 
2002).

TREATMENT RECOMMENDATIONS

Tumors of the external ear may be treated with surgery or RT JJ

(either EBRT or IS brachytherapy). Surgery is used if the lesion 
has invaded the cartilage or extends medially into the auditory 
canal. Advanced lesions or close/+ margins require post-op RT. 
Treatment of the lymphatics may be indicated for tumors 
>4 cm or for cartilage invasion.
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Tumors of the middle ear or temporal bone may be treated with JJ

surgery or RT. Surgery may require mastoidectomy or subtotal 
or total temporal bone resection. Post-op RT is generally 
required to increase LRC.
LC depends on the extent of disease, and ranges from 40 to JJ

100%.
Preoperative RT and chemo-RT remain under investigation JJ

(Nakagawa et al. 2006).

STUDIES
Clark and Soutar (JJ 2008): Metaanalysis of LN metastases from 
auricular SCC. Metastatic rate is 11.2%, commonly to parotid 
and upper cervical chain. Usually develops within 12 months 
and half will die.
Osborne et al. (JJ 2008): For locally advanced auricular malignan-
cies, found no pathologic evidence of occult parotid metastasis 
in 19 patients with clinical N0 stage. Recommended parotidec-
tomy only for clinically positive parotid disease.
Gal et al. (JJ 1999): 21 patients with auricular cutaneous carcinoma 
invading temporal bone; this carries poor prognosis, as does 
SCC histology. OS is 63%. Trend toward increased survival with 
post-op radiation.
Pfreundner et al. (JJ 1999): 27 primary carcinomas of EAC and 
middle ear. Five years OS 61%. Five years LC 50%. Five years 
OS by stage: T1-T2 86%, T3 50%, T4 41%. Complete resection 
and clear margins were prognostic. All patients with dural 
invasion died.
Madsen et al. (JJ 2008): 68 primary cancers of EAC and middle 
ear in Denmark. Five years LRC rates for surgery, RT, or sur-
gery + RT were 55.6, 47.4, and 45.3%, respectively. Of 28 recur-
rences, 24 were purely local.

RADIATION TECHNIQUES
SIMULATION AND fIELD DESIGN

Superficial tumors of the pinna may be treated with electrons JJ

or orthovoltage photons. For small tumors, 1 cm margins are 
adequate, but for larger lesions, 2–3 cm margins are required 
(see Chap. 1).
Treatment volumes for advanced tumors of the EAC or middle JJ

ear include the entire ear canal and temporal bone with 2–3 cm 
margin, and the ipsilateral preauricular, postauricular, and 
upper level II nodes.
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Advanced or unresectable tumors may be treated definitively JJ

with high energy electrons (energy appropriate for tumor 
depth) alone or mixed with photons, or with 3DCRT/IMRT if 
coverage of nodal volumes is desired.
Immobilization with a thermoplastic mask will be necessary.JJ

Use water or wax bolus to fill EAC and surrounding concha for JJ

pinna tumors to decrease complications and improve homoge-
neity and superficial dose delivery.

DOSE PRESCRIPTIONS
Tumors of the pinna may be treated with 1.8–2 Gy per fraction to JJ

50 Gy for small, thin lesions <1.5 cm, 55 Gy for larger tumors, 60 Gy 
for minimal or suspected cartilage or bone invasion, or 65 Gy for 
large lesions with bone or cartilage invasion.
Tumors of the auditory canal or temporal bone: postoperative, JJ

54–60 Gy; definitive, 66–70 Gy, and may consider chemo-RT.

DOSE LIMITATIONS
Limit temporal bone to JJ £70 Gy to minimize risk of osteoradi-
onecrosis (~10% for doses >65 Gy).

COMPLICATIONS
Cartilage necrosis of the pinna and/or temporal bone necrosis JJ

is possible if careful planning is not used.
Neurosensory: hearing compromise or loss.JJ

Chronic otitis media.JJ

Xerostomia.JJ

fOLLOW-UP
Frequent H&P with otoscopy every 3–4 months for 1–2 years, JJ

then every 6 months for 1–2 years, then annually.

Acknowledgment We thank Dr. M. Kara Bucci for her contribution to 
this chapter in the first edition.
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Chapter 5

Nasopharyngeal Cancer

Gautam Prasad, James Rembert, Eric K. Hansen,  
and Sue S. Yom

PEARLS
Uncommon in the US, but WHO III (undifferentiated) com-JJ

mon in Southern China and Hong Kong (e.g., third most com-
mon cancer among men in Hong Kong).
Strongly associated with EBV (70% of patients have + titers).JJ

Two peak ages: 15–25 years and 50–60 years. More common JJ

among men (2:1).
Alcohol and tobacco are associated with WHO type I (kerati-JJ

nizing SCC).
Borders of the nasopharynx: anterior = posterior end of nasal JJ

septum and choanae; posterior = clivus and C1-2 vertebral bod-
ies; superior = sphenoid bone/sinus; inferior = roof of soft 
palate.
The parapharyngeal and masticator spaces are lateral to the JJ

nasopharynx. Villaret/jugular foramen syndrome = extension to 
the parapharyngeal space causing symptoms related to involve-
ment of CN IX–XII and cervical sympathetics. Involvement of 
the masticator space causes trismus.
The Eustachian tubes enter the lateral nasopharynx, and the JJ

posterior aspect of the orifice creates a protuberance (torus 
tubarius). Rosenmueller’s fossa is posterior to the torus 
tubarius and is the number 1 location for nasopharyngeal 
cancer.
Tumors spread along the walls of nasopharynx, and can occlude JJ

the Eustachian tube, erode into bone, and involve CN V2 (fora-
men rotundum) or CN V3 (foramen ovale). Jacod/petrosphe-
noidal syndrome = extension through foramen lacerum to 
cavernous sinus (containing CN III, IV, V1, V2, VI) may extend 
into middle cranial fossa.
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Undifferentiated carcinoma is the most common; WHO type JJ

1 (keratinizing SCC, 25% of cases in the US), WHO type 2 
(nonskeratinizing SCC, 12% of the US cases), and WHO 
type 3 (undifferentiated carcinoma, 99% of cases where 
endemic).
Lymphoepithelioma = WHO III with high lymphoid compo-JJ

nent. It has higher LRC, but the same OS due to an increased 
rate of DM.
Other tumors include lymphoma, minor salivary gland tumors, JJ

plasmacytomas, melanomas, chordomas, and rhabdomyo-
sarcomas.
Less than 10% of tumors have intracranial extension.JJ

Seventy percent of patients have clinically involved lymph JJ

nodes, 90% have subclinical nodes, and 40–50% have bilateral 
nodes.
Metastases correlate with N stage (but not T stage): JJ

N0–N1 = 10–20% DM, N2 = 30–40% DM, and N3 = 40–70% 
DM.
Before IMRT, recurrence was predominantly local, but with JJ

IMRT, distant recurrence is more common than LR.

WORKUP
JJ H&P. Common signs/symptoms include hearing loss, otitis 
media, neck mass, nasal obstruction, epistaxis, headache, 
diplopia, trismus. Perform fiberoptic nasopharyngolaryngos-
copy and thorough oropharyngeal and neck exam. Also per-
form otoscopy. Thorough CN exam is critical.
Labs: CBC, LFTs, BUN/Cr, baseline TSH, EBV IgA/DNA titer.JJ

MRI head/neck with contrast; ±CT head/neck with contrast. CT JJ

optimally demonstrates cortical bone, and MRI, medullary 
bone. A normal-appearing basisphenoid (clivus) on CT may 
demonstrate marked tumor infiltration on MRI.
CXR. For Stage III/IV, consider CT of chest and abdomen + JJ

bone scan, or PET/CT scan.
All patients should have a pre-RT dental evaluation and audiol-JJ

ogy testing.
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III

TREATMENT RECOMMENdATIONS

2002 AJCC stage Recommended treatment

Stage I–IIA RT alone (2/70 Gy)JJ

Stage IIB–IVB Concurrent chemo-RT followed by adjuvant JJ

chemo
2/70 Gy + cisplatin 100 mg/mJJ

2 on days 1, 21,  
42 → cisplatin/5-FU × 3c
Neck dissection for persistent/recurrent neck JJ

nodes
IMRT may improve LRC and reduces severe JJ

xerostomia 80% →35–40%
Neoadjuvant chemo (e.g., using taxanes) is JJ

under investigation

Stage IVC Platinum-based combination chemo; if CR, JJ

definitive RT, otherwise palliative RT dose to 
metastatic sites

Local Recurrence Reirradiation with IMRT, SRS, or JJ

brachytherapy. Cumulative dose is limited with 
respect to surrounding normal tissue tolerance. 
Alternative, surgery

Pediatric COG ARAR 0331 protocolJJ

Stage I–IIA: RT alone (1.8/61.2 Gy for Stage I; 
1.8/66.6 Gy for Stage IIa) with daily amifostine
Stage ³ IIB: Cisplatin/5-FU  × 3c  →  RT (CR/PR to 
chemo 1.8/61.2 Gy, SD to chemo 1.8/70.2 Gy) with 
daily amifostine and concurrent cisplatin ×3c 2–3/ 
36–46 Gy to unresectable metastases

STUdIES
RT ± CHEMOTHERAPY

Al Sarraf et al. (JJ 1998), Int 0099: 147 patients with Stage III–IV 
disease randomized to RT (2/70 Gy) vs. chemo-RT (2/70 Gy + 
concurrent cisplatin (100 mg/m2) × 3 → adjuvant cisplatin/5-
FU × 3 cycles). Used old staging, so many Stage II would now 
be included. Chemo-RT improved 3-year OS (47→78%) and 
PFS (24→69%). Trial stopped early due to OS benefit. Criticized 
because poor LRC and OS for RT alone group, and high % of 
WHO I tumors (rare outside the US).
Wee et al. (JJ 2005). Confirmed Int 0099 results with 221 patients 
from Singapore with Stage III–IV disease and same random-
ization. Chemo-RT improved 2-year OS (78→85%), DFS 
(57→75%), and DM (30→13%).
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Chan et al. (JJ 2005) (IJROBP). Phase III study showing benefit of 
weekly, low-dose (40 mg/m2) cisplatin with RT vs. RT alone in 
350 patients. Cisplatin-RT improved 5-year OS (59→70%) with 
main benefit seen in T3/T4. Relative low toxicity compared to 
Int 0099 chemo.
Baujat et al. (JJ 2006). Pooled meta-analysis of 1,753 patients in 
eight published clinical trials comparing RT alone to Chemo-RT. 
OS benefit only observed with concomitant chemo (HR 0.60). 
Maximum EFS benefit seen with concomitant chemo (HR 
0.63).
RTOG 0615 (closed to accrual). Phase II for Stage IIB–IVB JJ

using IMRT/3DCRT (2.12/70 Gy + concurrent cisplatin/bevaci-
zumab → 5-FU/cisplatin/bevacizumab ×3c; planned expansion 
to Phase III).

Neoadjuvant chemotherapy
There have been numerous studies which demonstrated no OS JJ

advantage with neoadjuvant chemo + RT vs. RT alone including 
using cisplatin-5-FU (Chan IJROBP 1995), cisplatin-epirubicin-
bleomycin (INCSG IJROBP 1996), cisplatin-epirubicin (Chua 
et al. 1998), and cisplatin-bleomycin-5-FU (Ma et al. 2001).
Hui et al. (JJ 2009): 65 patients with Stage III–IV disease random-
ized to cisplatin/docetaxel × 2c → chemo-RT (2/66 Gy + concur-
rent cisplatin) versus chemo-RT alone. Neoadjuvant chemo 
improved 3-year OS (68→94%), but 3-year EFS (60→88%) not 
statistically significant. Most patients had non-IMRT plans.
GORTEC-NPC2006 (open to accrual). Phase III for Stage IIB–JJ

IVB comparing neoadjuvant TPF chemo (docetaxel/cisplatin/5-
FU ×3c) + RT (2/70 Gy) with weekly cisplatin (40 mg/m2) vs. 
upfront chemo-RT alone.

EBV TITERS
Lin et al. (JJ 2004): 99 patients with III–IV disease. EBV titer 
<1,500 copies/mL had increased OS and RFS. Persistently ele-
vated EBV titer 1 week after completion of sequential chemo-
RT had worse OS, RFS.
Leung et al. (JJ 2008): 376 patients. On multivariate analysis, high 
EBV DNA (>4,000 copies/mL) and low EBV DNA (£4,000 cop-
ies/mL) were predictive of OS (p = 0.005). EBV DNA load was 
better prognostic than UICC staging especially for Stage II.
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IMRT
Lee, UCSF (Lee et al. JJ 2002, 2003): 67 patients treated with 
IMRT to 70 Gy. Excellent 4-year OS (88%) and LRC (97%).
RTOG 0225 (closed to accrual). Phase II for Stage I-IVB using JJ

IMRT (2.12/70 Gy) and (for T2b or N+) concurrent cisplatin → 
cisplatin/5-FU ×3c. Two-year locoregional control 90.5%, PFS 
73%, OS 79%.
Kam et al. (JJ 2007): 60 patients with T1-2bN0-1 NPC random-
ized to 2D vs. IMRT. IMRT reduced 1 year observer-rated severe 
xerostomia (82 > 39%) and improved salivary flow rate. 
Subjective feeling of recovery not significantly different between 
arms.
Pow et al. (JJ 2006): 51 patients with Stage II disease randomized 
to IMRT vs. 2DRT. The mean parotid dose was 68 Gy for 2DRT 
and 42 for IMRT. At 1 year, IMRT patients had improved sali-
vary flow and surveys indicated improved physical/emotional 
health.

RAdIATION TECHNIQUES
SIMULATION ANd fIELd dESIGN

Patient set-up supine, and immobilized with head and neck JJ

thermoplastic mask or equivalent device.
Planning CT scan obtained with IV contrast if available. A pre-JJ

chemo MRI is critical for definition of GTV. Use CT-MRI fusion 
if available.
In every case, the entire GTV must be treated to the entire pre-JJ

scription dose. Except in the case of very early T1-T2N0 tumors, 
it is not possible to accomplish this without exceeding normal 
tissue tolerances with conventional 2D planning. 3DCRT or 
IMRT is necessary for the final conedown.

JJ IMRT volumes: CTV70 = gross disease (GTV = primary and 
LN ³ 1 cm) plus microscopic disease margin. CTV63 for involved 
nodes near critical structures. CTV56-59.4 includes the entire 
nasopharynx, sphenoid sinus, cavernous sinus, base of skull, 
posterior 1/2 of nasal cavity (~2 cm), posterior 1/3 of maxillary 
sinuses, posterior ethmoid sinus, pterygoid fossa, lateral and 
posterior pharyngeal walls to the level of the midtonsillar fossa, 
the retropharyngeal nodes, and bilateral cervical nodes includ-
ing level V and supraclavicular nodes. CTV54 includes low-risk 
nodal regions as determined by the clinician per case. PTV = CTV 
plus planning margin.



106 Handbook of EvidEncE-basEd Radiation oncology

IMRT plan can be matched isocentrically to a conventional low JJ

neck field.
JJ Conventional set-up = three fields (lateral opposed fields cover-
ing primary and upper neck, with isocentric match to a low 
neck field). Use a central larynx block on low neck field, then 
full cord block after 42 Gy.

JJ Conventional borders: superior = generously cover sphenoid 
sinus and base of skull. Inferior = match at plane above true 
vocal cords (to block larynx in AP field). Posterior = spinous pro-
cesses. Anterior = 2–3 cm anterior to GTV (and include ptery-
goid plates and posterior 1/3 of maxillary sinuses).
If supraclavicular nodes involved historically used a mediasti-JJ

nal 8 cm wide T field with inferior border 5 cm below the head 
of the clavicle.
Use wedges and compensators as needed.JJ

dOSE PRESCRIPTIONS
JJ Conventional: 2/42 Gy → off cord boost to 50 Gy with a poste-
rior neck electron field → conedown to GTV + 2 cm margin to 
70 Gy. For the neck, N0 = 50 Gy, nodes <3 cm = 66 Gy, and nodes 
³3 cm = 70 Gy.

JJ IMRT per RTOG 0615: CTV70 (GTV + 5 mm) = 2.12/70 Gy, 
CTV56-59.4 = 1.8/56–59.4 Gy, CTV54 1.64/54 Gy in 33 
fractions.

JJ Rotterdam NPX applicator: optional boost after 66–70 Gy to 
gross disease. Use 1 week after EBRT (T1–T3 60 Gy EBRT → 
HDR 3 Gy ×6; T4 70 Gy EBRT → HDR 3 Gy ×4).

dOSE LIMITATIONS
JJ EBRT: partial brain 60 Gy, brainstem 54 Gy (60 Gy point dose), 
cord 45 Gy, optic chiasm 54 Gy, retina 45 Gy, lens 10 Gy, lac-
rimal gland 30 Gy, ear (sensorineuronal hearing loss) 45 Gy, 
parotid mean dose 26 Gy, TMJ max dose 70 Gy.

JJ SRS: brainstem 12 Gy, optic nerves or chiasm 8 Gy

COMPLICATIONS
Acute: mucositis, dermatitis, xerostomia.JJ

Late: soft tissue fibrosis, trismus, xerostomia, hearing loss, vas-JJ

culopathy, osteoradionecrosis, temporal lobe necrosis, hypo-
thyroidism, hypopituitarism (if included)
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fOLLOW-UP
H&P every 1–3 months first year, every 2–4 months second year, JJ

every 4–6 months years 3–5, then every 6–12 months
MRI at 2 and 4 months post-RT, then every 6 months or as JJ

clinically indicated
TSH every 6–12 monthsJJ

Dental cleaning every 3 months for lifetimeJJ

Acknowledgment We thank Dr. M. Kara Bucci for her contribution to 
this chapter in the first edition.
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Chapter 6

Nasal Cavity and Paranasal  
Sinus Cancer

Chien Peter Chen, Brian Missett, and Sue S. Yom

PEARLS
Maxillary cancers are most common (70%).JJ

Incidence higher in Japan and South Africa.JJ

More common in males (4:1).JJ

Ohngren’s line runs from the medial canthus to the angle of the JJ

mandible.
Tumors superior-posterior to Ohngren’s line have a poorer JJ

prognosis.
Histology: most common is SCC. Adenoid cystic, esthesioneu-JJ

roblastoma, plasmacytoma, lymphoma, melanoma, and sar-
coma also seen.
Lymphatic drainage of maxillary antrum to submandibular, JJ

parotid, jugulodigastric, retropharyngeal, and jugular nodes.
See Chap. 12 for more information on esthesion euro-JJ

blastoma.

WORKUP
H&P, nasal endoscopy, CT/MRI, biopsy, CXRJJ

Consider serum blood tests including IGF-1, free thyroxin, JJ

 cortisol, prolactin to get baseline pretreatment levels
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TREATMENT RECOMMENDATIONS

2002 Stage Recommended treatment

Nasal cavity and 
ethmoid sinus

T1-2N0: Resection JJ → post-op RT for close/+ 
margins or PNI. Alternatively, definitive RT.
Choice depends on size, location and expected JJ

cosmetic outcome
T3-4N0: Resectable: resection JJ → post-op RT 
Unresectable or inoperable: Definitive RT or 
chemo-RT
N+: Resection + neck dissection JJ → post-op
RT or chemo-RT. Alternatively, definitive JJ

chemo-RT

Maxillary sinus T1-2N0: Resection JJ → post-op RT for close 
margin, PNI, adenoid cystic. For + margin, 
re-resect (if possible) → post-op RT
T3-4N0 resectable: Resection JJ → post-op RT 
or chemo-RT
Unresectable or inoperable: Definitive RT or JJ

chemo-RT
N+: Resection + neck dissection JJ → post-op RT or 
chemo-RT. Alternatively, definitive chemo-RT

STUDIES
Allen et al. (JJ 2008): 68 patients with nasal cavity or nasal septum 
cancer. Forty-seven percent received definitive RT. Nineteen 
percent received neck RT. Five years and 10 years LC 86 and 
76%, DFS 86 and 78%, OS 82 and 62%.
Le et al. (JJ 2000): 97 patients with maxillary sinus tumors. Fifty-
six had surgery first and 41 had pre-op or definitive RT. Twelve 
percent LN relapse at 5 years. T3-4 SCC were associated with a 
high incidence of initial nodal involvement and nodal relapse. 
None of the patients presenting with SCC histology and N0 
necks had nodal recurrence after elective neck radiation. 
Recommended elective ipsilateral neck RT for T3-4 SCC.
Bristol et al. (JJ 2007): 146 patients with maxillary sinus tumors 
treated with post-op radiotherapy. Group 1 included 90 patients 
treated before 1991. Group 2 included 56 patients treated after 
1991, when radiotherapy technique incorporated coverage of 
the base of skull for patients with perineural invasion, elective 
neck RT in SCC or undifferentiated histology, and techniques 
to improve dose homogeneity to target. No difference in 5 years 
OS (51 vs. 62%), RFS, LRC, DM between the two groups, but 
base of skull and nodal failures reduced in at-risk patients. 
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Advanced age, need for enucleation, and positive margins were 
independent predictors of worse OS. Need for enucleation pre-
dicted worse LRC.
Dulguerov et al. (JJ 2001): 220 patients with nasal cavity and parana-
sal sinus cancer. Five years OS 40%, local control rate 59%. 
Prognostic factors: histology, T stage, primary site, and treatment 
type. Local extension factors associated with worse survival: 
extension to pterygomaxillary fossa, extension to frontal and 
sphenoid sinuses, erosion of cribriform plate, and invasion of the 
dura. In the presence of an intraorbital invasion, enucleation was 
associated with better survival.
Chen et al. (JJ 2007): 127 patients with sinonasal carcinoma. Five 
years OS, LRC, DFS were 52, 62, and 54%, respectively. No sig-
nificant difference in 5-year OS rates for patients treated in 
1960s, 1970s, 1980s, 1990s, and 2000s. Significantly reduced 
incidence of severe (Grade 3 and 4) toxicity over the decades.
Some physicians extrapolate from the Bernier and Cooper JJ

studies (NEJM 2004) to support using post-op concurrent 
chemo and RT in patients with SCC of the paranasal sinuses.
Madani et al. (JJ 2009): 73 primary and 11 locally recurrent sinonasal 
tumors definitively treated by IMRT. No chemo. Sixty-four percent 
patients had adenocarcinoma histology. Median follow-up 40 m 
with 5-year LRC, OS, DFS were 71, 58, and 59%, respectively.
Snyers et al. (JJ 2009): 178 patients with sinonasal cancer. Sixty-
two percent of long-term survivors had hormonal disturbances 
and 24% had multiple hormonal deficiencies.

RADIATION TEChNIQUES
SIMULATION AND fIELD DESIGN

Simulate supine with thermoplastic mask immobilization.JJ

Eyes open, straight ahead to keep posterior pole away from JJ

high dose region.
Tongue blade/cork to depress tongue out of fields.JJ

Fill surgical defects with tissue equivalents.JJ

Recommend 3DCRT or IMRT planning to increase sparing of JJ

normal structures.
GTV = clinical and/or radiographic gross disease. CTV1 = 1 cm JJ

margin on primary and/or nodal GTV. CTV2 = high-risk regions 
(depending on the presence or absence of anatomic boundaries 
to microscopic spread). CTV3 = elective neck. Individualized 
planning target volumes are used for the GTV, CTV1, CTV2, and 
CTV3 tailored to subsite and stage.
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DOSE PRESCRIPTIONS
EBRT 1.8–2 Gy/fx.JJ

Definitive RT or chemo-RT: CTV1 to 66–70 Gy, CTV2 to 60–63 Gy, JJ

CTV3 to 54–57 Gy.
Post-op RT: CTV1 to 60 Gy with optional boost to 66 Gy to high-risk JJ

areas (close/+ margins, ECE, PNI). CTV2 to 50–54 Gy.
For selected nasal septum tumors, brachytherapy may be JJ

appropriate.

DOSE LIMITATIONS
Lens <10 Gy (cataracts).JJ

Retina <45 Gy (vision). May go higher if treating bid or partial JJ

volume.
Optic chiasm and nerves <54 Gy at standard fractionation.JJ

Brain <60 Gy (necrosis).JJ

Mandible <60 Gy (osteoradionecrosis).JJ

Parotid mean dose <26 Gy (xerostomia).JJ

Lacrimal gland <30–40 Gy.JJ

Pituitary and hypothalamus mean dose <40 Gy.JJ

COMPLICATIONS
Acute = mucositis, skin erythema, nasal dryness, xero stomiaJJ

Late = xerostomia, chronic keratitis and iritis, optic pathway JJ

injury, soft tissue or osteoradionecrosis, cataracts, radiation-
induced hypopituitarism

fOLLOW-UP
H&P, labs, and CXR every 3 months for first year, every 4 JJ

months for second year, every 6 months for third year, then 
annually. Imaging of the H&N at 3 months posttreatment, then 
as indicated.

Acknowledgment We thank Dr. M. Kara Bucci for her contribution to 
this chapter in the first edition.
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Chapter 7

Oropharyngeal Cancer

Siavash Jabbari, Kim Huang, and Jeanne Marie Quivey

PEARLS
Approximately 8,500 cases/year in the US with male predomi-JJ

nance (3:1).
Etiologies include consumption of alcohol, tobacco, betal and JJ

areca nuts, and HPV infection.
Recent decrease in the incidence of tobacco-related cancers.JJ

Recent increase in HPV-related incidence rates attributed to JJ

changing sexual practices.
HPV-related cancers appear to occur at a slightly younger JJ

age and have better survival rates when treated with radio-
therapy and chemotherapy as compared to non-HPV-related 
cancers.

Second primary tumors in the upper aerodigestive tract and lung JJ

occur in ~25% of patients due to risk factors and lifestyle.
Risk of second primary cancers is doubled with continued JJ

smoking.
Subsites: soft palate, palatine tonsils, tonsillar pillars, base of JJ

tongue (lingual tonsils), pharyngeal wall.
Anatomic boundaries: superior = plane of superior surface of JJ

soft palate; inferior = superior surface of hyoid bone (or floor of 
vallecula).
Deep (middle) ear pain may be referred via the tympanic nerve JJ

of Jacobson (CN IX) via the petrosal ganglion.
Histology: 95% SCC, others = adenocarcinoma, mucoepider-JJ

moid, adenoid cystic, melanoma, small cell carcinoma of ton-
sil, non-Hodgkin’s lymphoma of tonsil.
Presentation: sore throat, dysphagia, otalgia, odynophagia, hot JJ

potato voice (with base of tongue invasion), hoarseness (with 
larynx invasion or edema).
Noninvolved base of tongue may have mild benign enhance-JJ

ment on MRI or FDG uptake on PET.
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WORKUP
H&P. Palpation, indirect mirror exam, fiberoptic endoscopy.JJ

Panendoscopy with biopsy.JJ

Labs: CBC, chemistries, BUN, Cr, LFTs including alkaline JJ

phosphatase and HPV testing of either the primary or nodal 
metastases.
Imaging: MRI with contrast ± CT scan with contrast of head JJ

and neck. PET/CT scan. CXR or CT chest. Panorex as 
indicated.
Preventive dental care with extractions 10–14 days before RT.JJ

Speech and swallow evaluation as indicated.JJ
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TREATMENT RECOMMENdATIONS

2002 Stage Recommended treatment

T1-2N0 Definitive RT. Alternative, surgery JJ

with post-op RT as indicated

III–IV Concurrent chemo-RT (preferred).JJ

Alternative, surgery with post-op JJ

(chemo-)RT as indicated. For patients 
not considered candidates for standard 
chemo-RT (e.g., with cisplatin), 
consider RT and cetuximab.
If unable to tolerate concurrent JJ

chemo, altered fractionation RT may 
be used

SURGERY
For T3-4 primaries, tonsillar lesions require radical tonsillec-JJ

tomy often with partial mandibulectomy; base of tongue lesions 
require partial or total glossectomy and myocutaneous flap 
reconstruction. Patients requiring removal of more than 1/2 of 
tongue or elderly patients with poor pulmonary function often 
require total laryngectomy to prevent subsequent aspiration. 
Therefore, for locally advanced oropharyngeal, primary organ 
preservation approach with radiation or chemo-RT is 
preferred.

JJ Types of Neck Dissection
Radical neck dissection (RND) removes levels I–V, sterno-JJ

cleidomastoid muscle, omohyoid muscle, internal and exter-
nal jugular veins, CN XI, and the submandibular gland.
Modified RND leaves JJ ³1 of sternocleidomastoid muscle, 
internal jugular vein, or CN XI.
Selective neck dissection does not remove JJ ³1 level of levels 
I–V.
Supraomohyoid neck dissection only removes levels I–III.JJ

Lateral neck dissection only removes levels II–IV.JJ

POST-OP RT OR CHEMO-RT
Post-op chemo-RT indications (major risk factors): extracapsu-JJ

lar nodal spread, +margin(s)
Post-op RT indications (minor risk factors): close margin, JJ

 multiple LN+, PNI, LVSI
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STUdIES
PRE-OP vS. POST-OP RT

JJ RTOG 73–03 (Kramer et al. 1987; Tupchong et al. 1991): 354 
patients with advanced H&N cancer randomized to 2/50 Gy 
pre-op vs. 2/50/60 Gy post-op. Post-op RT improved LRC 
(48→65%), and OS for oropharynx lesions (26→38%). 
Complications not different.

ALTEREd fRACTIONATION
JJ RTOG 90–03 (Fu et al. 2000): 268 patients with locally advanced 
H&N cancer randomized to 2/70 Gy vs. 1.2 b.i.d./81.6 Gy vs. 
split-course 1.6 b.i.d./67.2 Gy (with a 2 weeks break) vs. con-
comitant boost RT to 72 Gy [with b.i.d. RT for last 12 fractions 
(1.8 and 1.5 Gy)]. Concomitant boost and hyperfractionated RT 
improved 2-year LRC (54%), DFS (39%), and OS (53%) com-
pared to standard or split-course accelerated RT. Altered frac-
tionation increased acute side effects.

JJ EORTC (Horiot et al. 1992): 325 patients with T2-3 oropharyn-
geal cancer randomized to 2/70 Gy vs. 1.15 b.i.d./80.5 Gy. b.i.d. 
RT increased 5-year LC (40→59%) and OS (31→47%) with ben-
efit primarily for T3 tumors.

JJ MARCH metaanalysis (Bourhis et al. 2006): fifteen phase III trials 
and 6,515 patients. 3.4% OS benefit at 5 years for altered fraction-
ation vs. conventional fractionation, with most benefit suggested 
for hyperfractionation. Decreasing benefit with increasing age.

CHEMO-RT ± ALTEREd fRACTIONATION
JJ GORTEC 94–01 (Denis et al. 2004): 226 patients with stage III/
IV oropharyngeal cancer randomized to 2/70 vs. 2/70 Gy + 
carboplatin/5-FU ×3 cycles. Chemo-RT improved LC (25→48%), 
DFS (15→27%), and OS (16→23, p = 0.13), but increased acute 
toxicity. Trend for increased late toxicity.

JJ Adelstein, Intergroup (Adelstein et al. 2003): 295 patients with 
unresectable H&N cancer, randomized to 2/70 Gy vs. 2/70 Gy +  
cisplatin (100 mg/m2) ×3 cycles vs. split-course RT (2/30 Gy +  
2/30–40 Gy) + cisplatin/5-FU ×3 cycles. Results: chemo-RT 
improved 3-year OS (23 vs. 37 vs. 27%) and DFS (33 vs. 51 vs. 
41%) but did not change DM and it increased toxicity.
Brizel et al. (JJ 2004): 116 patients with advanced H&N cancer 
randomized to 1.25 b.i.d./75 vs. 1.25 b.i.d./70 Gy (with 1 week 
break at 40 Gy) + concurrent cisplatin/5-FU ×2 cycles. Both 
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arms received adjuvant cisplatin/5-FU ×2 cycles. Chemo-RT 
improved LC (44→70%), DFS (41→61%), and OS (34→55%). 
No change in DM or toxicity.
Bonner et al. (JJ 2006): 424 patients with locoregionally advanced 
resectable or unresectable stage III–IV SCC of oropharynx, lar-
ynx, or hypopharynx randomized to RT or RT + cetuximab 
given 1 week before RT and weekly during RT. RT options 
included 2/70 Gy, 1.2 b.i.d./72–76.8 Gy, or concomitant boost 
72 Gy. Cetuximab increased 3-years LRC (34→47%) and OS 
(45→55%). With the exception of acneiform rash and infusion 
reactions with cetuximab, toxicity was similar.
Semrau et al. (JJ 2006): 263 patients with stage III–IV orophar-
ynx or hypopharynx cancer randomized to concomitant boost 
RT (69.9 Gy/38 fxs) alone or concomitant boost chemo-RT. 
Chemo = concurrent carboplatin/5-FU × 2 cycles. Chemo-RT 
improved 5-years LRC (12.6→22.7) and OS (15.8→25.6%). 
Benefit observed in oropharynx patients only, where pretreat-
ment hemoglobin levels (above 12.7 g/dL) predicted for LRC. 
No difference in late toxicity.

JJ GORTEC (Bourhis, ASTRO 2008): 840 patients with locally 
advanced head and neck cancer randomized to conventional 
chemo-RT (70 Gy in 7 weeks + carboplatin/5-FU) vs. accelerated 
chemo-RT (70 Gy in 6 weeks + carboplatin/5-FU) vs. very-accel-
erated RT alone (64.8 Gy in 3.5 weeks). Increased mucositis in 
very-accelerated RT arm, but no difference in overall acute toxic-
ity, LRC, or OS, with a median follow-up of 3.5 years. Improved 
PFS in conventional chemo-RT arm as compared to very-accel-
erated RT arm.

JJ MACH-NC metaanalysis (Pignon et al. 2009): 93 phase III trials 
and 17,346 patients. OS benefit (4.5%) at 5 years when chemo-
therapy was added to RT, with greater benefit for concurrent 
chemo-RT vs. induction chemo followed by RT (6.5% OS benefit 
with concurrent chemo-RT). Similar results in trials with post-
op RT, conventional, and altered fractionation. No difference 
between mono or polychemotherapy regimens, but increased 
benefit with platinum-based compounds. Decreasing benefit 
with increasing age, with no benefit observed if ³71-years old.

POST-OP CHEMO-RT
JJ EORTC 22931 (O’Sullivan et al. 2001, Cooper et al., NEJM 2004): 
334 patients with operable stage III/IV H&N cancer randomized 
to post-op 2/66 Gy vs. post-op 2/66 Gy + concurrent cisplatin 
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(100 mg/m2) on days 1, 22, and 43. Eligibility: oral cavity, orophar-
ynx,  hypopharynx, and larynx with pT3-4N0/+, T1-2N2-3, or 
T1-2N0-1 with ECE, +margin, or PNI. Chemo-RT improved 3/5-
year DFS (41/36→59/47%), OS (49/40→65/53%), and 5-year LRC 
(69→82%). No difference in DM (21–25%) or second primaries 
(12%). Chemo-RT increased grade 3/4 toxicities (21→41%).

JJ RTOG 95–01 (NEJM 2004): patients (459) with operable H&N 
cancer who had ³2 LN, ECE, or + margin randomized to post-
op RT (2/60–66 Gy) vs. post-op chemo-RT (2/60–66 + cisplatin 
×3 cycles same as EORTC). Chemo-RT improved 2-year DFS 
(43→54%), LRC (72→82%) and had trend for improved OS 
(57→63%). No difference in DM (20–23%). Chemo-RT increased 
grade 3/4 toxicities (34→77%).

JJ Combined analysis (Bernier et al. 2004): chemo-RT improved 
OS, DFS, and LRC for ECE and/or + margins, but provided 
only trend for improvements (p = 0.06) stage III–IV, PNI, LVI, 
and/or enlarged LN in levels IV–V for OPX or oral cavity tumors 
based on EORTC data. Patients with ³2 LN without ECE as 
their only factor did not benefit from chemo (p = 0.73).

INdUCTION CHEMO
No published phase III studies have tested induction chemo JJ

followed by chemo-RT vs. upfront chemo-RT, and this is the 
subject of on-going randomized trials.

JJ EORTC/TAX 323 (Vermorken et al. 2007): randomized 358 
patients with unresectable stage III–IV head and neck cancer to 
TPF (docetaxol/cisplatin/5-FU) vs. PF (cisplatin/5-FU) induction 
chemotherapy followed by RT alone, delivered with conven-
tional (66 Gy) or hyperfractionated (74 Gy) RT. Induction TPF 
increased MS (14.5→18.8 months), but increased hematological 
toxicity and chemo-related death (2.3 vs. 5.5%). Ten to fifteen 
percent of patients were unable to receive RT.
Posner et al. (JJ 2007): randomized 501 patients with unresect-
able stage III–IV head and neck cancer to TPF (docetaxol/
cisplatin/5-FU) vs. PF (cisplatin/5-FU) induction chemotherapy 
followed by carboplatin chemo-RT (70–74 Gy). Induction TPF 
improved LRC and 3-year OS (48→62%), but not DM. Twenty-
one to 25% of patients did not receive concurrent chemo-RT 
due to progressive disease, adverse events, death, or withdrawal 
of consent.

JJ ECOG 2399 (Fakhry et al. 2009): prospective evaluation of HPV-
positive vs. HPV-negative tumors showed 63%  HPV-positive rate 
for oropharynx with higher response to induction  chemotherapy 
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and chemoradiation, as well as overall survival (2-year OS = 95 
vs. 62%).

TECHNIQUES
SIMULATION ANd fIELd dESIGN

Simulate patient supine with head hyperextended. Wire neck JJ

scars and consider wiring commissure of lips. Shoulders may 
be pulled down with straps. Immobilize with a thermoplastic 
head and shoulder mask. Bolus may be needed if skin involved; 
shield gold crowns with either dental putty or water soaked 
dental rolls.
CT planning with fusion to MRI or CT contrast or PET/CT JJ

studies.
3DCRT or IMRT provides improved normal tissue sparing JJ

including parotids, mandible, and larynx.
Conventional volumes cover the skull base and mastoid to the JJ

supraclavicular nodes with a three-field technique (opposed 
laterals matched to AP lower neck field). Beam-split above lar-
ynx at thyroid notch, if possible, to allow laryngeal sparing.

Spinal cord is shielded on lateral fields at the matchline if no JJ

nodes are present, or on the AP field if larynx is not involved. 
If cN0, a 1.5–2 cm midline block may spare larynx and cord 
on AP field. If lateral fields are used, the posterior neck is 
blocked after 42–45  and boosted with electrons.
The anterior border includes a 2 cm margin on the tumor and JJ

includes the faucial arch, and a portion of the buccal mucosa 
and oral tongue. Include level IB if buccal mucosa or N+.

For BOT, may leave out hard palate.JJ

Lymph node block coverage: N0 include levels II–IV and retro-JJ

pharyngeal nodes (RPN). N1 include levels IB–IV and RPN; 
N2-3 include IB–V and lateral RPN. Need for IMRT coverage of 
medial RPN which has been questioned (Eisbruch et al. 2007) 
and is controversial.

Lateral RPN: medial to internal carotid artery and lateral to JJ

prevertebral muscles, at level of C1–C3.
Medial RPN: anterior and medial to prevertebral muscles.JJ

Treat bilateral neck unless T1-2 tonsil or small faucial arch. For JJ

T1N0 tonsil, may leave out levels IV–V.
O’Sullivan et al. (JJ 2001): 228 patients with tonsil carcinoma 
treated with ipsilateral RT. Most cases T1-2N0. Three-year 
LRC 77%, CSS 76%. Opposite neck failure occurred in 3.5% 
overall, all of whom had node + disease (8.5% contralateral 
failure among LN+ patients). Ten to fifteen percent 
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 contralateral neck failure if palate or BOT involvement, or 
~20% if both involved and LN+. No neck failures for N0 
patients. Thus, may treat unilaterally for well-lateralized 
tumors invading £1/3 soft palate toward the uvula (£1 cm).

Compensating filters may be required.JJ

Ipsilateral wedged pair may be used for tonsil primaries to JJ

reduce dose to contralateral salivary glands.
Base of tongue implants may be done, but controversial as to JJ

whether adds to LRC or decrease in morbidity.

dOSE PRESCRIPTIONS
Select T1-2N0 patients: definitive conventional fx RT to 70 Gy JJ

at 2 Gy/fx.
Select T1N1 and T2N0-1 patients: definitive altered-fx RT.JJ

Six fx/week during weeks 2–6: 70 Gy at 2 Gy/fx to primary JJ

and gross adenopathy.
Concomitant boost: 72 Gy in 6 weeks (1.8 Gy/fx large field; JJ

1.5 Gy boost as second daily fx during last 12 treatment 
days).
Hyperfractionation: 81.6 Gy in 7 weeks at 1.2 Gy b.i.d.JJ

Stage III–IV patients: concurrent chemo-RT.JJ

Total dose typically 70 Gy in daily fx with cisplatin 100 mg/JJ

m2 q3 weeks × 3c.
Altered fractionation and multiagent chemo have been eval-JJ

uated with no consensus on the optimal approach.
Elective neck.JJ

Uninvolved nodal stations: JJ ³50–56 Gy at 1.6–2 Gy/fx.
Post-op RT.JJ

60–66 Gy at 2 Gy/fx to high-risk areas and the postoperative JJ

bed.
Post-op chemo-RT indicated for nodal ECE and/or +margin(s) JJ

and considered for other risk features, including pT3-4, pN2-
3, PNI, LVSI. Concurrent single agent cisplatin 100 mg/m2 q3 
weeks recommended.

IMRT.JJ

UCSF volumes.JJ

GTV = clinical and/or radiographic gross disease.JJ

CTV1 = 0.5–2 cm margin on primary and 3–5 mm margin JJ

on nodal GTV. (depending on adjacent critical structures).
CTV2 = elective neck.JJ

Individualized planning target volumes are used for the JJ

GTV, CTV1, and CTV2.
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Simultaneous integrated boost (“dose-painting”) technique JJ

used at UCSF:
Thirty-three fx: GTV = 70 Gy at 2.12 Gy/fx, CTV1 = 59.4 Gy JJ

at 1.8 Gy/fx, CTV2 = 54 Gy at 1.64 Gy/fx.
Alternative techniques:JJ

Simultaneous integrated boost in 35 fx.JJ

(a) GTV = 70 Gy at 2 Gy/fx, CTV1 = 63 Gy at 1.8 Gy/fx, 
CTV2 = 56 Gy at 1.6 Gy/fx.

Sequential technique.JJ

(a) Initial lower-dose phase (weeks 1–5) followed by high-
dose boost volume phase (weeks 6 and 7) using 2–3 
separate dose plans.

Concomitant boost schedule.JJ

(a) Delivers dose to subclinical targets once daily for 6 
weeks, and a separate boost plan as second daily treat-
ment during last 12 treatment days.

Typically seven nonopposing beam angles are used.JJ

Extended whole field neck technique is preferred when gross JJ

disease extends inferiorly or is close to the glottic larynx. With 
this technique, lateral fields are typically not used because they 
would require treating through the shoulder, so these are 
replaced with anterior oblique fields.
A split field technique with matched conventional low ante-JJ

rior neck field is sometimes used to reduce the dose to the 
glottic larynx. In this situation, the matchline is typically just 
above the arytenoids. A gradient match technique may be 
used as well.

dOSE LIMITATIONS
Spinal cord <45 Gy, brainstem <54 Gy, parotid glands mean JJ

dose <26 Gy and/or attempt to keep 50% volume of each parotid 
£20 Gy (if possible), mandible <70 Gy, retina <45 Gy, larynx 
mean dose £43.5 Gy, mean (max) cochlea £37 (45) Gy, thyroid 
£25–35 Gy depending on adjacent adenopathy.
When possible, minimizing dose to the larynx and inferior  JJ

pharyngeal constrictor muscles may reduce the risk of late 
swallow dysfunction.

COMPLICATIONS
Acute and chronic mucositis, xerostomia.JJ

Skin reaction treated with Aquafor, Radiacare, Domeboro’s JJ

solution for moist desquamation.
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Late toxicity includes skin/soft tissue fibrosis, hyperpigmentation, JJ

telangiectasias, swallowing dysfunction, voice alteration, altera-
tion in taste, xerostomia, dental complications, chronic aspira-
tion, acceleration of atherosclerosis, and thromboembolic 
disease.
Preventive dental care with extractions before XRT, intensive JJ

fluoride treatment, and mouth washing and gargling with 
antiseptics.
Severe nutritional problems occur in 10% of patients. Suggest JJ

proactive speech and swallowing support. Need minimum 
2,000 cal/day diet. Use Ensure or Boost prn. Prophylactic gas-
trostomy controversial.
Risk of pharyngocutaneous fistula related to surgery, not RT.JJ

Flap reconstruction decreases complications.JJ

Mandibular necrosis uncommon, carotid a rupture <1%.JJ

Amifostine can be used to decrease acute and late xerostomia.JJ

fOLLOW-UP
Every 1–2 months for year 1, every 3 months for years 2–3, JJ

every 6 months for years 4–5, then annually.
Surveillance PET/CT and/or MRI optional, routinely performed JJ

at UCSF for three years post treatment.
If recurrence suspected but biopsy is negative, follow up JJ

monthly until resolved.
85–90% of LRR occur within 3 years.JJ
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Chapter 8

Cancer of the Lip and Oral Cavity

Eric K. Hansen, Sue S. Yom, Chien Peter Chen,  
and Naomi R. Schechter

PEARLS
The oral cavity consists of the upper and lower lips, gingivobuc-JJ

cal sulcus, buccal mucosa, upper and lower gingiva (including 
alveolar ridge), retromolar trigone, hard palate, floor of mouth, 
and anterior two-third of the tongue.
CN XII provides motor innervation of the tongue, and the lin-JJ

gual nerve (CN V) provides sensory innervation. Taste is medi-
ated by the chorda tympani branch of CN VII for the anterior 
two-third of the tongue and CN IX for the posterior 1/3.
Risk factors for oral cavity cancer include tobacco,  alcohol, JJ

poor oral hygiene, and betel and areca nuts. Oral leukoplakia 
can proceed to cancer (4–18%) as can erythroplakia (30%).
Neck LN levels: Fig. 8.1. Also see Chap. 13 & Fig. 13.1.JJ

LN drainage.JJ

Upper lip: facial nodes and level IB.JJ

Floor of mouth, lower lip, and lower gingiva: levels I, II,  JJ

and III.
Anterior oral tongue: IA, IB, and II, and also directly to levels JJ

III–IV.
Bilateral node drainage is frequent, especially when the JJ

lesion approaches midline.
Depth of invasion, increasing T size, and grade increase risk of JJ

involved LN.
Approximate risk of LN involvement.JJ

Lip: T1/2 5%, T3/4 33%JJ

Floor of mouth: T1/2 10–20%, T3/4 33–67%JJ

Oral tongue: T1/2 20%, T3/4 33–67%JJ

Bucco-gingival mucosa: T1/2 10–20%, T3/4 33–67%JJ

Retromolar trigone: 25–40%JJ

Ninety percent of tumors are SCC. Less common tumors include JJ

minor salivary gland cancers (common in the hard palate and 
include adenoid cystic carcinoma, mucoepidermoid carcinoma, 
adenocarcinoma). Rarely: lymphoma, melanoma, or sarcoma.
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Fig. 8.1  Lymph node levels in the neck

WORKUP
H&P with palpation. Direct nasopharyngolaryngoscopy. EUA, JJ

if indicated.
Biopsy tumor and/or lymph node(s).JJ

Labs include CBC, chemistries, BUN/Cr, and LFTs.JJ

Imaging includes CT and/or MRI of the head and neck. Panorex JJ

of mandible for advanced lesions (also helps to rule-out exten-
sion through the mental foramen). PET scans may be informa-
tive for stage III–IV. CXR or CT chest.
Preventive dental care and extractions should occur 10–14 days JJ

before RT and should include custom fluoride trays.
Preoperative prosthodontal and psychological evaluation.JJ

Speech and swallowing and nutrition consultations.JJ
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TREATMENT RECOMMENDATIONS

Stage Lip

T1-2N0 Surgery with reconstruction as necessary (preferred) or RT. JJ

Primary RT may consist of EBRT JJ ³50 Gy and brachy-
therapy, or EBRT alone ³60–66 Gy. For +margin only, 
reexcise if feasible. Post-op RT with treatment of the neck 
(dissection or RT) indicated for pT3/T4, close margin, 
multiple nodes, PNI, and/or LVSI, or level IV–V nodes; 
post-op chemo-RT indicated for +margin, ECE

T3-4N0 
or N1-3

Preferred: excision of primary and unilateral or bilateral JJ

neck dissection (if crosses midline or N2c). Reconstruction 
as indicated. For +margin only, reexcise if feasible. 
Post-op RT for pT3/T4, close margin, multiple nodes, 
PNI, and/or LVSI, or level IV–V nodes; post-op chemo-RT 
indicated for +margin, ECE
Alternatively, concomitant chemo-RT or EBRT/JJ

brachytherapy. 
If primary has < CR, consider salvage surgery and neck JJ

dissection. If residual neck mass by CT/MRI or PET at 
6–12 weeks, post-RT neck dissection considered

Stage Oral cavity

T1-2N0 Excision of primary (preferred) ± unilateral or bilateral JJ

selective neck dissection. Neck treatment (dissection or RT) 
required for lesions >1.5–3 mm thick. For +margin only, 
reexcise if feasible. Post-op RT for pT3/T4, close margin, 
multiple nodes, PNI, and/or LVSI, or level IV–V nodes; 
post-op chemo-RT indicated for +margin, ECE
Alternatively, EBRT ± brachytherapy. Salvage surgery for JJ

residual disease

T3N0 Excision of primary and unilateral or bilateral selective JJ

neck dissection. Reconstruction as indicated. For +margin 
only, reexcise if feasible. Post-op RT for all; chemo-RT 
indicated for +margin, ECE

T4a or 
N1-3

Excision of primary and ipsilateral comprehensive neck JJ

dissection ± contralateral selective neck dissection, or 
bilateral neck dissection (for N2c). Reconstruction as 
indicated. For +margin only, reexcise if feasible. Post-op RT 
for pT3/T4, close margin, multiple nodes, PNI, and/or LVSI, 
or level IV–V nodes; may consider post-op RT for N1 as only 
risk feature; post-op chemo-RT indicated for +margin, ECE

Unresec-
table

Concomitant chemo-RT (preferred). Alternatively, JJ

induction chemotherapy followed by chemo-RT, or altered 
fractionation RT alone if unable to tolerate chemo. 
If primary has < CR, salvage surgery controversial. If 
residual neck mass by CT/MRI or PET at 6–12 weeks, 
post-RT neck dissection considered
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STUDIES
POST-OP EBRT AND CHEMO-RT

JJ EORTC 22931 (Bernier et al. 2004): 334 patients with operable 
stage III/IV oral cavity, oropharynx, larynx, and hypopharynx 
cancer randomized to post-op RT (2/66 Gy) vs. post-op chemo-
RT (2/66 Gy and cisplatin 100 mg/m2 on days 1, 22, 43). All 
patients received 54 Gy to the low-risk neck. Eligible stages 
included pT3-4N0/+, T1-2N2-3, and T1-2N0-1 with ECE, +mar-
gin, or PNI. Chemo-RT improved 3/5-year DFS (41/36→59/47%), 
3/5-year OS (49/40→65/53%), and 5-year LRC (69→82%), but 
increased grade 3–4 toxicity (21→41%).

JJ RTOG 95–01 (Cooper et al. 2004): 459 patients with operable 
cancer of the oral cavity, oropharynx, larynx, or hypopharynx 
who had ³2 involved lymph nodes, nodal extracapsular exten-
sion, or a +margin randomized to post-op RT (2/60–66 Gy) vs. 
post-op chemo-RT (2/60–66 Gy and cisplatin ×3c as in EORTC 
22931). Chemo-RT improved 2-year DFS (43→54%), LRC 
(72→82%), and had a trend for improved OS (57→63%), but 
increased grade 3–4 toxicity (34→77%).

JJ Combined analysis (Bernier, Head Neck 2005). Chemo-RT 
improved OS, DFS, and LRC for ECE and/or + margins, but 
provided only trend for improvements (p = 0.06) in stage III–IV, 
PNI, LVI, and/or enlarged LN in levels IV–V for OPX or oral cav-
ity tumors. Patients with ³2 LN without ECE as their only fac-
tor did not benefit from chemo (p = 0.73).

JJ Ang et al. (2001): 213 patients with locally-advanced oral 
cavity, oropharynx, larynx, and hypopharynx cancers treated 
with surgery randomized by risk factors to post-op RT. Risk 
factors included >1 node group, ³2 nodes, nodes >3 cm, 
microscopic +margins, PNI, oral cavity site, and nodal ext-
racapsular extension. Low-risk = no risk factors → no RT. 
Intermediate risk = 1 risk factor (but not ECE) → 1.8/57.6 Gy. 
High-risk = ECE or ³2 risk factors → 1.8/63 Gy in 7 weeks or 
in 5 weeks with a concomitant boost. The 5-year LRC/OS for 
low-risk was 90/83%, for intermediate risk 94/66%, and for 
high-risk 68/42%. Overall treatment time <11 weeks 
increased LRC, and concomitant boost had a trend for 
improved OS.

ALTERED FRACTIONATION
JJ MARCH metaanalysis (Bourhis et al. 2006). Fifteen phase III 
trials and 6,515 patients. 3.4% OS benefit at 5 years for altered 
fractionation vs. conventional fractionation, with most benefit 
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suggested for hyperfractionation (8%). Decreasing benefit with 
increasing age.

JJ RTOG 90–03 (Fu et al. 2000): 268 patients with locally-
advanced cancer of the oral cavity, oropharynx, supraglottic 
larynx, or hypopharynx randomized to 2/70 Gy vs. 
1.2 b.i.d./81.6 Gy vs. split-course 1.6 b.i.d./67.2 Gy (with 2-week 
break) vs. concomitant boost RT to 72 Gy (1.8 Gy/fraction with 
a 1.5 Gy boost on the last 12 treatment days). Concomitant 
boost and continuous b.i.d. hyperfractionation improved the 
2-year LRC (54%), DFS (38–39%), and OS (51–54%) vs. stan-
dard or split-course b.i.d. RT. Altered fractionation increased 
acute side effects.

CHEMORADIATION
JJ MACH-NC metaanalysis (Pignon et al. 2009): 87 phase III trials 
and 16,485 patients. 4.5% OS benefit at 5 years when chemo-
therapy was added to RT, with greater benefit for concurrent 
chemo-RT vs. induction chemo followed by RT (6.5% OS ben-
efit with concurrent chemo-RT). Similar results in trials with 
post-op RT, conventional, and altered fractionation. No differ-
ence between mono or polychemotherapy regimens, but 
increased benefit with platinum-based compounds. Decreasing 
benefit with increasing age, with no benefit observed if ³71 
years.

JJ Adelstein et al. (2003): 295 patients with unresectable H&N 
cancer (13% oral cavity), randomized to 2/70 vs. 2/70 Gy 
and cisplatin (100 mg/m2) × 3 cycles vs. split-course RT 
(2/30 Gy + 2/30–40 Gy) + cisplatin/5-FU × 3 cycles. Results: 
chemo-RT improved 3-year OS (23 vs. 37 vs. 27%) and DFS 
(33 vs. 51 vs. 41%), but did not change DM and it increased 
toxicity.

JJ Posner (NEJM 2007). Randomized 501 patients with unresect-
able stage II–IV head and neck cancer (14% oral cavity) to TPF 
(docetaxol/cisplatin/5-FU) vs. PF (cisplatin/5-FU) induction 
chemotherapy followed by carboplatin chemo-RT (70–74 Gy). 
Induction TPF improved LRC and 3-year OS (48→62%), but 
not DM. 21–25% of patients did not receive concurrent chemo-
RT due to progressive disease, adverse events, death, or with-
drawal of consent.
No published phase III studies have tested induction chemo JJ

followed by chemo-RT vs. upfront chemo-RT, and this is the 
subject of ongoing randomized trials.
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BRACHYTHERAPY
JJ Grabenbauer et al. (2001): 318 patients with primary (74%) and 
recurrent (26%) oral cavity (63%)/oropharynx (27%) SCC 
treated with post-op LDR-brachytherapy ± EBRT. Brachytherapy 
dose was 45–55 Gy when used alone (19% of patients) or 
23–25 Gy after 50–60 Gy EBRT (55% of patients). Overall 5-year 
LC was 74% for primary and 57% for recurrent disease. Among 
primary patients treated with EBRT and brachytherapy, 5-year 
LC was 92% for stage I/II and 65% for stage III/IV. A 7.5% of 
patients developed late soft-tissue necrosis and/or osteoradion-
ecrosis requiring mandibular resection.

JJ Melzner et al. (2007): review of 210 patients with lip/oral cavity 
(77%) or oropharynx (23%) cancers treated with PDR-
brachytherapy either postoperatively or definitively. Median 
PDR-brachytherapy dose 24 Gy after median 50.4 Gy EBRT 
(38% of patients), or 56.65 Gy when used alone (62% of 
patients). With median 2-year follow-up, 7% LF, 11% soft- 
tissue necrosis, 7.6% osteoradionecrosis, and 83% OS.

JJ Martinez-Monge et al. (2009): phase I–II trial of 40 patients with 
oral cavity (70%) or oropharynx (30%) cancer treated with 
perioperative HDR brachytherapy (4 Gy b.i.d. × 4 for R0 resec-
tion or × 6 for R1 resection) and 45 Gy EBRT. 7-year LRC was 
82%. Seven-year DFS and OS were 50 and 52%, respectively. 
RTOG grade 3, 4, and 5 perioperative toxicities were 5, 2.5, and 
0%, respectively. Late-grade 3, 4, and 5 toxicities were 10, 7.5, 
and 2.5%, respectively.

RADIATION TECHNIQUES
SIMULATION AND FIELD DESIGN

In general, simulate the patient supine with the head on a head-JJ

rest device. Wire nodes, scars, the oral commissure, and the 
larynx (thyroid notch). Two to five millimeter bolus may be 
applied to scars. A cork and tongue blade may be used to 
depress the tongue away from palate, if appropriate. Shoulders 
may be pulled down with straps. Immobilize with a thermo-
plastic head (± shoulder) mask.
Computed dosimetry should be used to ensure homogeneity JJ

and spare normal tissues.

IMRT
Elective neckJJ

Uninvolved nodal stations: JJ ³50–56 Gy at 1.6–2 Gy/fx.



139cHaptER 8: cancER of tHE lip and oRal cavity

III

Post-op RTJJ

60–66 Gy at 2 Gy/fx to high-risk areas and the postoperative JJ

bed.
Post-op chemo-RT indicated for nodal ECE and/or + JJ

margin(s) and considered for multiple other risk features,  
including pT3-4, pN2-3, close margins, PNI, LVSI, or level 
IV–V nodes. Concurrent single agent cisplatin 100 mg/m2 q3 
weeks recommended.

UCSF IMRT volumesJJ

GTV = clinical and/or radiographic gross disease, if present.JJ

CTV1 = entire postoperative bed, including at least 0.5–2 cm JJ

margin on primary and/or nodal GTV (depending on the 
presence or absence of anatomic boundaries to microscopic 
spread).
CTV2 = elective neck.JJ

Individualized planning target volumes are used for the GTV, JJ

CTV1, and CTV2.
Simultaneous integrated boost (“dose-painting”) technique JJ

used at UCSF
33 fx: GTV, if present = 70 Gy at 2.12 Gy/fx (definitive), CTV1 = JJ

post-op bed/high-risk areas 60–66 Gy at 2 Gy/fx, 
CTV2 = 54–59.4 Gy at 1.8 Gy/fx.

Alternative techniquesJJ

Conedown techniqueJJ

Initial large field phase (weeks 1–5) followed by  conedown JJ

to boost volume (weeks 6 and 7) using 2–3 separate dose 
plans.

Altered fractionation schedulesJJ

Either hyperfractionated or concomitant boost schedule JJ

can be employed, typically in the absence of chemo-
therapy.

Typically 7–9 nonopposing beam angles are used.JJ

Extended whole field neck technique is preferred when gross JJ

disease extends inferiorly or is close to the glottic larynx. With 
this technique, lateral fields are typically not used because they 
would require treating through the shoulder, so these are 
replaced with anterior oblique fields.
A split field technique with matched conventional low anterior JJ

neck field is sometimes used to reduce the dose to the glottic 
larynx. In this situation, the match line is typically just above the 
arytenoids. A gradient match technique may be used, as well.
In combination with chemotherapy and cetuximab, IMRT may JJ

be associated with higher toxicity to the oral cavity than 3DCRT.
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LIP
Small lip lesions may be treated with EBRT (100–250 keV JJ

orthovoltage or 6–12 MeV electrons), or with brachytherapy, or 
in combination.
With EBRT, an appositional field is used and borders are deter-JJ

mined clinically with a 1–1.5 cm margin for orthovoltage or a 
2–2.5 cm margin for electrons, with bolus for superficial 
tumors. A lead cut-out is made to outline the treatment vol-
ume. Lead shields are placed behind the lip to minimize dose 
to the mandible and oral cavity.
The upper neck is treated with opposed lateral fields for T1/2 JJ

tumors with commissure involvement, and T3/4, LN+, or poorly 
differentiated tumors.
Some institutions use a “moustache field” for elective RT of the JJ

perifacial lymphatics (~50 Gy) for advanced upper lip lesions.
T3/4 tumors are conventionally treated with opposed lateral JJ

4–6 MV fields. The tumor is treated with 1–1.5 cm margin. The 
inferior border is at the thyroid notch, and the posterior border 
is at the posterior aspect of the spinous processes.
When LN+, a low-neck field is matched to the inferior border of JJ

the opposed lateral fields. If the posterior chain requires RT, 
the portals are reduced off-cord at 42–45 Gy and the area is 
boosted with electrons.
With conventional 3-field techniques, a small midline block on JJ

the AP field is used to shield larynx and spinal cord at the match.
Complex 3DCRT or IMRT techniques are recommended for JJ

more advanced lesions and in order to spare adjacent normal 
structures.
Wedges and/or compensating filters may be required.JJ

Brachytherapy implants typically use Ir-192 seeds or wire in JJ

angiocatheters spaced 1 cm apart. A gauze or cotton dental roll 
is placed between the lip and the gingiva.
Definitive EBRT dose:JJ

T1N0 = 2/50 Gy JJ → boost to 56–60 Gy. T1 lesions may alterna-
tively be treated with 45 Gy at 3 Gy fx.
T2N0 = 2/50 Gy JJ → boost to 60–66 Gy.
T3N0 = 2/50 Gy JJ → boost to 60–70 Gy and levels I/II are 
treated.
T4 or LN+ = 2/50 Gy JJ → boost to 66–70 Gy and levels I–IV are 
treated.

BrachytherapyJJ

When used alone for T1-2, LDR-brachytherapy dose is JJ

60–70 Gy at 0.8–1 Gy/h.
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If used 2–4 weeks after EBRT (50–54 Gy), LDR-brachytherapy JJ

boost is 15–30 Gy.
Afterloading HDR brachytherapy may be used instead  JJ

of LDR.

FLOOR OF MOUTH
The floor of mouth has lower RT tolerance due to increased JJ

risk of soft-tissue injury and osteoradionecrosis.
For early superficial T1-2 lesions, brachytherapy or intraoral JJ

cone RT may be used in lieu of surgery.
LDR-brachytherapy dose is 60–70 Gy.JJ

Intraoral cone dose is 3 Gy/fraction to 45 Gy over 3 weeks.JJ

For definitive treatment of larger lesions, 3DCRT or IMRT tech-JJ

niques are generally recommended for advanced lesions and in 
order to spare adjacent normal structures. Brachytherapy or 
intraoral cone may be used for the boost.
With opposed laterals, the superior border is 1–1.5 cm above JJ

the dorsum of the tongue (2 cm above tumor). A cork should be 
used between the teeth to exclude palate and if possible, tip of 
tongue, from field. Level I nodes are always treated, and level II 
is included for depth of invasion >1.5 mm (with posterior bor-
der at the posterior aspect of the spinous processes). The infe-
rior border is at the thyroid notch. The lower lip is excluded 
when possible. When LN+, a low-neck field is matched to the 
inferior border of the opposed lateral fields.
Definitive RT dose for more advanced lesions is 1.8–2 Gy/fx to JJ

³72 Gy without chemo (altered fractionation recommended).
With chemo, definitive EBRT dose is 2 Gy/fx to 70 Gy.JJ

As a boost before or after EBRT (~45 Gy), interstitial brachyther-JJ

apy (25–30 Gy) or intraoral cone (15–24 Gy) may be used.
With post-op RT, fields include the primary site and the dis-JJ

sected neck.
Post-op EBRT dose is 1.8–2 Gy/fx to 50–54 Gy, followed by JJ

boost to 60–66 Gy to high-risk areas, including primary surgi-
cal bed, and areas of close/+ margins, extranodal extension, 
nodal involvement, LVSI, or PNI.

ORAL TONGUE
Brachytherapy or intraoral cone may be used as with floor of JJ

mouth lesions.
A cork and tongue blade is used to keep the tongue down and JJ

to exclude the palate.
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Set-up must be very secure due to mobility of the tongue.JJ

3DCRT or IMRT techniques are generally recommended for JJ

advanced lesions and in order to spare adjacent normal struc-
tures. Brachytherapy or intraoral cone may be used for the 
boost.
With opposed laterals, the superior border is 1–1.5 cm above JJ

the dorsum of the tongue or 2 cm above tumor. The inferior 
border is at the thyroid notch. The posterior border is placed at 
the posterior aspect of the spinous processes. The anterior bor-
der is 2 cm anterior to the tumor. When N+, a low-neck field is 
matched to the inferior border of the opposed lateral fields.
Doses are similar to floor of mouth lesions.JJ

BUCCAL MUCOSA
Wire ipsilateral commissure. Place intraoral device to displace JJ

and shield tongue. May insert metal seeds into the periphery of 
the tumor for localization.
Treatment is usually with an ipsilateral mixed photon/electron JJ

beam (or wedged photon pair) and a boost is given with 
brachytherapy or intraoral cone if possible.
Field borders are: 2-cm anterior and superior to the lesion; the JJ

posterior aspect of the spinous processes if nodes are irradi-
ated; inferiorly at the thyroid notch.
The oral commissures and lips are excluded or shielded if JJ

possible.
Post-op volumes include the tumor bed, scars, and ipsilateral JJ

IB and II nodes.
Patients with + nodes receive bilateral neck RT to the upper JJ

and lower neck.
Doses are similar to other oral cavity lesions.JJ

GINGIVA AND HARD PALATE
EBRT, rather than brachytherapy, is used due to the risk of JJ

osteoradionecrosis.
For gingival lesions, if PNI is present, the entire hemimandible JJ

from mental foramen to the temporomandibular joint is 
treated; in addition, extension to the buccal mucosa must be 
carefully evaluated.
Fields cover the primary with 2 cm margins and the upper neck JJ

nodes.
The low-neck is treated for T3/4 or LN+.JJ

Definitive RT dose is 60–66 Gy for T1 lesions, 66–70 Gy for T2, JJ
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and ³72 Gy for T3-4 lesions without chemo (concomitant boost 
used). With chemo, give 2 Gy/fx to 70 Gy.
Post-op EBRT doses are 1.8–2 Gy/fx to 50–54 Gy followed by JJ

boost to 60–66 Gy to high-risk areas.

RETROMOLAR TRIGONE
An ipsilateral mixed photon/electron beam (or wedged photon JJ

pair) is used for lateralized lesions.
Fields cover the primary with 2 cm margins and the upper neck JJ

nodes. The superior border includes the pterygoid plates. The 
low-neck is treated for T3/4 or LN+.
Doses are similar to other oral cavity tumors.JJ

DOSE LIMITATIONS
Spinal cord maximum dose JJ £45 Gy. Brainstem maximum dose 
£54 Gy. Keep 50% of the volume of each parotid £20 Gy (if pos-
sible) and mean dose <26 Gy. Mandible maximum (point) dose 
£70 Gy.

COMPLICATIONS
Mucositis, dermatitis, xerostomia, dysgeusia, soft-tissue JJ

fibrosis, hypothyroidism, and rarely soft tissue or osteoradi-
onecrosis (more common with brachytherapy), pharyngocu-
taneous fistula, or carotid rupture (more common with 
reirradiation).
Perioperative complications of surgery include bleeding, air-JJ

way obstruction, infection, and wound complications. Post-op 
complications include webs, stenosis, chondritis, fistulas, 
aspiration, as well as functional speech and/or swallowing 
deficits.
Patients need JJ ³2,000 calories/day to avoid malnutrition. 
Supplements (e.g., Boost or Ensure) and/or feeding tubes may 
be used.
Amifostine may be considered to possibly reduce xerostomia.JJ

FOLLOW-UP
H&P every 1–3 months for year 1, every 2–4 months for year 2, JJ

every 6 months for years 3–5, then annually. CXR annually. 
TSH every 6–12 months if neck irradiated.
If recurrence is suspected but biopsy is negative, follow closely JJ

(at least monthly) until resolves.
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Chapter 9

Larynx and Hypopharynx Cancer

Sunanda Pejavar, Eric K. Hansen, Sue S. Yom,  
and Naomi R. Schechter

PEARLS
LARynx

Larynx cancer is the most common cancer of the head and JJ

neck.
Risk factors include tobacco, alcohol, betel and areca nuts, and JJ

deficiencies of iron, vitamin B12, and vitamin C.
Larynx subsites:JJ

Supraglottis: suprahyoid and infrahyoid epiglottis, aryepi-JJ

glottic folds, arytenoids, and false cords.
Glottis: true vocal cords (TVCs) including the anterior and JJ

posterior commissures.
Subglottis: extends from the lower boundary of the glottis to JJ

the inferior aspect of the cricoid cartilage.
TVCs attach to the thyroid cartilage at the center of the “figure JJ

of 8” on a lateral X-ray.
LN drainage is common from the supraglottis (to levels II–V) JJ

and subglottis [to pretracheal (Delphian), paratracheal, and 
inferior jugular nodes]. Glottic tumors rarely spread to LN 
when £T1–2 (<3%), but more commonly spread to LN when 
T3–4 (~20–30%).
Superior laryngeal nerve innervates the cricothyroid muscles JJ

that produce tension and elongation of the vocal cords. All 
other laryngeal muscles are innervated by the recurrent laryn-
geal nerve.

HyPoPHARynx
Portion of the pharynx extending from the plane of the supe-JJ

rior border of the hyoid bone to the inferior border of the 
 cricoid cartilage.
Hypopharynx subsites:JJ

Pyriform sinuses.JJ
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Posterior and lateral hypopharyngeal walls.JJ

Postcricoid area.JJ

LN drainage from the hypopharynx is to levels II–V, the retro-JJ

pharyngeal LN, and to paratracheal and paraesophageal LN 
(when tumor involves the lowest portion of the hypopharynx 
and the postcricoid area).
Ninety five percent of tumors of the larynx and  hypopharynx JJ

are SCC.
External auditory canal pain may be referred via the superior JJ

laryngeal nerve through the auricular nerve of Arnold (branch 
of CN X).
A “hot potato” voice may be due to the involvement of the base JJ

of tongue.

WoRKUP
H&P, including hoarseness, pain, dysphagia, odynophagia, JJ

otalgia, trismus.
All patients should have nasopharyngolaryngoscopy. Fixation JJ

of the true cord may be caused by invasion of the cri-
coarytenoid muscle or joint, or from recurrent laryngeal nerve 
injury.
Esophagoscopy for hypopharnx tumors or if clinically indi-JJ

cated for laryngeal tumors.
Bronchoscopy if clinically indicated.JJ

Biopsy tumor and/or lymph node(s).JJ

Labs include CBC, chemistries, BUN/Cr, LFTs, baseline TSH.JJ

Imaging includes thin-cut CT and/or MRI of the head and neck JJ

and a CXR. PET scans may be informative for stage III–IV.
Preventive dental care and extractions should occur 10–14 days JJ

before RT.
Baseline speech, swallowing, and nutrition evaluations. If JJ

locally-advanced, consider baseline audiometry too.
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TREATMEnT RECoMMEnDATIonS

2002 Stage Larynx

Tis Endoscopic removal (stripping/laser) or JJ

definitive RT

T1-2N0 glottic Definitive RT. Advantage of RT is that failures JJ

can be salvaged with partial laryngectomy 
and still have third chance with salvage total 
laryngectomy. Alternative, cordectomy or 
partial laryngectomy ± selective neck dissection. 
Post-op RT for close/+ margin, PNI, LVSI

T1-2N0  
supraglottic

Definitive RT. Or, partial supraglottic JJ

laryngectomy ± selective neck dissection. 
Post-op chemo-RT for + margin; post-op RT for 
close margin, PNI, LVSI

Resectable  
T1-2N+, T3N0/+ 
requiring total 
laryngectomy

Concurrent chemo-RT as in RTOG 91–11 JJ

(preferred). 
If < complete response, salvage surgery and neck JJ

dissection may be performed. If residual neck 
mass or initial N2-3, post-RT neck dissection 
considered
Alternative is total laryngectomy, and ipsilateral JJ

or bilateral neck dissection (N0-1) or bilateral 
comprehensive neck dissection (N2-3). Post-op 
chemo-RT for + margin or nodal ECE. Post-op 
RT (or chemo-RT with multiple factors) for 
pT3-4, pN2-3, close margin, PNI, LVSI, ³1 cm 
subglottic extension, and/or cartilage invasion
Induction chemo × 3c may be considered. If JJ

CR or PR, proceed with concurrent chemo-RT 
as above. If < PR or progression, proceed to 
surgery and neck dissection as indicated

Resectable  
T4N0/+

Total laryngectomy and ipsilateral or bilateral JJ

neck dissection followed by post-op chemo-RT
Alternative for selected patients is definitive JJ

concurrent chemo-RT as in RTOG 91–11. 
Induction chemotherapy may be considered

Unresectable  
T3-4 or N+

Concurrent chemo-RT. If unable to tolerate JJ

chemo, definitive RT with concomitant boost 
(CB) and consider concurrent cetuximab

2002 Stage Hypopharynx

Early T1-2 not 
requiring total 
laryngectomy (T1N0-1, 
small T2N0, T1N2)

Definitive RT. If < complete response, salvage JJ

surgery and neck dissection as indicated. If 
complete response, neck dissection considered 
for N2-3

continued
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Alternatively, partial laryngopharyngectomy JJ

and ipsilateral or bilateral selective neck 
dissection (N0) or comprehensive neck 
dissection (N+). Post-op chemo-RT for + 
margin or nodal ECE. Post-op RT (or 
chemo-RT if multiple factors) for pN2-3, close 
margin, PNI, LVSI, cartilage invasion

T2-4N0/+ requiring 
total laryngectomy

Concurrent chemo-RT as extrapolated from JJ

RTOG 91–11. Or, induction chemo ×2c (with a 
third cycle if PR). If CR at primary site, proceed 
with definitive RT (³70 Gy). If primary site has 
only PR, proceed with concurrent chemo-RT. 
Nonresponders to induction chemo should 
undergo surgery → post-op RT or chemo-RT 
as indicated. If residual neck mass after 
definitive RT or initial N2-3, post-RT neck 
dissection considered
Or, laryngopharyngectomy and selective (N0) JJ

or comprehensive neck dissection (N+ or T4). 
Post-op chemo-RT for + margin or nodal ECE. 
Post-op RT (or chemo-RT if multiple factors) 
for pT3-4, pN2-3, close margin, PNI, LVSI, 
cartilage invasion

Unresectable T3-4 
or N+

Concurrent chemo-RT. If unable to tolerate JJ

chemo, definitive RT with CB

STUDIES
RT DoSE fRACTIonATIon

Yamazaki et al. (JJ 2006): 180 patients with T1N0 glottic carci-
noma randomized to 2 Gy/fx to 60 Gy (if £2/3 TVC involved) or 
66 Gy (if >2/3 TVC involved) vs. 2.25 Gy/fx to 56.25–63 Gy. The 
2.25 Gy/fx arm improved 5-year LC (77Æ92%), but not CSS  
(97 vs. 100%) or toxicity.

JJ RTOG 95–12 (Trotti et al. 2006, abstract): Randomized 250 
patients with T2 glottic cancer to 70 Gy in 35 fx vs. 79.2 Gy at  
1.2-Gy b.i.d. b.i.d. arm had nonsignificant trend for improved 
5-year LC (70Æ79%, p > 0.11), DFS (37Æ51%, p > 0.07), and OS 
(62Æ73%, p > 0.19), but trial was underpowered.
Le et al. (JJ 1997) reviewed 398 patients with T1–2 glottic cancer 
treated with RT alone. On multivariate analysis, overall treat-
ment time £43 days, fraction size ³2.25 Gy, and total dose 
³65 Gy improved LC for T2 lesions. Anterior commissure 
involvement decreased T1 LC, and impaired cord mobility and 
subglottic extension decreased T2 LC.
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Garden et al. (JJ 2003) reviewed 230 patients treated with RT 
alone for T2 glottic cancer. Treatment with £2 Gy/fraction had 
decreased 5-year LC (68%) compared to >2 Gy/fraction (82%) 
or b.i.d. RT (79%).

JJ RTOG 90–03 (Fu et al. 2000; update ASTRO 2005): 268 patients 
with locally-advanced cancer of the oral cavity, oropharynx, 
supraglottic larynx, or hypopharynx randomized to 2/70 Gy 
(standard) vs. 1.2 b.i.d./81.6 Gy (HFX) vs. split-course 1.6 
b.i.d./67.2 Gy (with 2 week break) vs. CB-RT to 72 Gy (1.8 Gy/
fraction with a 1.5-Gy boost on the last 12 treatment days). On 
update, 5-year LRF and DFS improved w/ HFX and CB vs. 
standard fx and split-course. LRF: 60% standard, 58% split-
course, 52% CB, 51% HFX. DFS: 21% standard, 27% split-
course, 29% CB, 31% HFX. No difference in DM (27–29%), 
CSS (40–46%). Trend for improved OS with HFX (37 vs. 
29–34%).

CHEMo-RT foR LARynx PRESERvATIon
Larynx preservation rates:JJ

RT alone: ~60–70%.JJ

Induction chemo JJ Æ RT: ~65–75%.
Concurrent chemo-RT: ~80–85%.JJ

JJ VA Larynx Trial (Department of Veterans Affairs Laryngeal 
Cancer Study Group 1991): 332 patients with III/IV larynx 
(T1N1 excluded), randomized to surgery and post-op RT (50–
74 Gy) vs. induction cisplatin/5-FU × 2c (with a third cycle if 
PR/CR) Æ RT (66–76 Gy). No routine neck dissection for N+ 
patients. Chemo allowed 64% larynx preservation at 2 years. 
There was no difference in 2-year OS (68%). Chemo-RT 
decreased distant recurrences, but had higher LF (12 vs. 2%). 
Organ preservation improved quality of life. Salvage laryngec-
tomy was required for 56% of T4 patients.

JJ EORTC 24891 (Lefebvre et al. 1996; update ASCO 2004): 202 
patients with operable pyriform sinus tumors randomized to 
surgery Æ post-op RT (50–70 Gy) vs. induction cisplatin/5-
FU × 2c (with a third cycle if PR/CR) Æ RT (70 Gy). 
Nonresponders to chemo underwent surgery Æ RT. Fifty-one 
to fifty-four percent of patients had a CR after chemo. There 
was no difference in LRF, and chemo decreased DM (36Æ25%). 
The 3/5-year functional intact larynx rates were 42/35% with 
chemo. On update, no difference in 5- or 10-year OS and PFS.
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JJ RTOG 91–11 (Forastiere et al. 2003; update ASCO 2006): 547 
patients with stage III/IV larynx (T2–3 or low-volume T4 with-
out gross cartilage destruction or >1 cm base of tongue inva-
sion, or LN+) randomized to one of three arms: RT alone, 
chemo Æ RT, or concurrent chemo-RT. RT was 2/70 Gy in all 
arms. Induction chemo was cisplatin/5-FU × 2c Æ reassess-
ment. If progression or <PR, treated with laryngectomy and 
post-op RT. If PR/CR Æ third cycle chemo Æ RT. Concurrent 
chemo was cisplatin × 3c. All patients with cN2 had neck dis-
section within 8 weeks after RT. On update, concurrent 
chemo-RT improved 5-year larynx preservation (84%) vs. 
induction chemo (71%) and RT alone (66%), and LRC (69%) 
vs. induction chemo (55%) and RT alone (51%). Chemo 
reduced the rate of DM (13% concurrent, 14% induction vs. 
22% RT alone) and improved DFS (39% with chemo vs. 27% 
with RT alone). No difference in OS (55% concurrent, 59% 
induction, 54% RT alone).

JJ GORTEC 2000–01 (Pointreau et al. 2009): 220 patients with 
locally-advanced larynx or hypopharynx cancer that required 
total laryngectomy randomized to 3c of TPF (docetaxel, cispla-
tin, 5-FU) vs. PF (cisplatin, 5-FU) chemo. If CR, PR, and larynx 
mobility, patients received RT with or without additional 
chemo; if no response, patients had surgery and post-op RT 
with or without additional chemo. TPF improved overall 
response (80 vs. 59%) and 3-year larynx preservation rate (70 
vs. 58%), but had more neutropenia.

JJ TAX 324 (Posner et al. 2007): Randomized 501 patients with 
unresectable stage III/IV head and neck SCC (33% were larynx 
or hypopharynx) to induction TPF chemo (docetaxel, cisplatin, 
5-FU) vs. PF (cisplatin, 5-FU) every 3 weeks for 3 cycles. Patients 
then had concurrent weekly carboplatin and RT to 70 Gy. TPF 
improved 3-year OS (48Æ62%) and LRC (62Æ70%), but not 
DM. TPF increased neutropenia (54Æ84%). Twenty-one per-
cent of patients who got TPF induction were not able to receive 
subsequent concurrent chemo-RT.

JJ EORTC 24954 (Lefebvre et al. 2009): 450 patients with resect-
able T3–T4 larynx or T2–T4 hypopharynx, N0–N2 randomized 
to sequential arm (2c cisplatin/5-FU Æ if >50% tumor reduc-
tion, 2 more cycles cisplatin/5-FU Æ 70 Gy) vs. alternating arm 
(4 c cisplatin/5-FU in weeks 1, 4, 7, and 10 alternating with 
20 Gy RT during 2-week interval to 60 Gy total). No difference 
in larynx preservation, PFS, OS, or acute and late toxicity.
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JJ Cetuximab (Bonner et al. 2006): 424 patients with locoregion-
ally advanced resectable or unresectable stage III–IV SCC of 
oropharynx, larynx, or hypopharynx randomized to RT or RT + 
cetuximab given 1 week before RT and weekly during RT. RT 
options included 2/70 Gy, 1.2 b.i.d./72–76.8 Gy, or CB 72 Gy. 
Cetuximab increased 3-year LRC (34Æ47%) and OS (45Æ55%). 
With the exception of acneiform rash and infusion reactions 
with cetuximab, toxicity was similar.
See Oropharynx chapter 7 for list of other key trials of chemo-JJ

RT, most of which included patients with larynx or hypophar-
ynx cancer.

PoST-oP RT AnD PoST-oP CHEMo-RT
JJ RTOG 95–01 (Cooper et al. 2004): 459 patients with operable 
cancer of the oral cavity, oropharynx, larynx, or hypopharynx 
who had ³2 involved lymph nodes, nodal extracapsular exten-
sion, or a + margin randomized to post-op RT (2/60–66 Gy) vs. 
post-op chemo-RT (2/60–66 Gy and cisplatin ×3 c as in EORTC 
22931). Chemo-RT improved 2-year DFS (43Æ54%), LRC 
(72Æ82%), and had a trend for improved OS (57Æ63%), but 
increased grade 3–4 toxicity (34Æ77%).

JJ EORTC 22931 (Bernier et al. 2004): 334 patients with operable 
stage III/IV oral cavity, oropharynx, larynx, and hypopharnx 
cancer randomized to post-op RT (2/66 Gy) vs. post-op chemo-
RT (2/66 Gy and cisplatin 100 mg/m2 on days 1, 22, 43). All 
patients received 54 Gy to the low-risk neck. Eligible stages 
included pT3–4N0/+, T1–2N2–3, and T1–2N0–1with ECE, +mar-
gin, or PNI. Chemo-RT improved 3/5-year DFS (41/36Æ59/47%), 
3/5-year OS (49/40Æ65/53%), and 5-year LRC (69Æ82%), but 
increased grade 3–4 toxicity (21Æ41%).

JJ Combined RTOG/EORTC analysis (Bernier 2005): Chemo-RT 
improved OS, DFS, and LRC for ECE and/or + margins, but 
provided only trend for improvements (p > 0.06) for stage III–IV, 
PNI, LVSI, and/or enlarged LN in levels IV–V for OPX or oral 
cavity tumors based on EORTC data. Patients with ³2 LN with-
out ECE as their only factor did not benefit from chemo 
(p > 0.73).
Ang et al. (JJ 2001): 213 patients with locally-advanced oral cavity, 
oropharynx, larynx, and hypopharynx cancers treated with sur-
gery randomized by risk factors to post-op RT. Risk factors 
included >1 node group, ³2 nodes, nodes >3 cm, microscopic 
+margins, PNI, oral cavity site, and nodal extracapsular  extension. 
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Low-risk: no risk factors Æ no RT. Intermediate risk: 1 risk  factor 
(but not ECE) Æ 1.8/57.6 Gy. High-risk: ECE or ³2 risk factors Æ 
1.8/63 Gy in 7 weeks or in 5 weeks with a CB. The 5-year LRC/OS 
for low-risk was 90/83%, for intermediate risk 94/66%, and for 
high-risk 68/42%. Overall treatment time <11 weeks increased 
LRC, and CB had a trend for improved OS.

META-AnALySES
JJ Altered fractionation (Bourhis 2006): Meta-analysis of 15 trials 
with 6,515 patients, 74% with stage III–IV disease, mostly of 
oropharynx and larynx, treated with conventional RT (1.8–
2/65–70 Gy), hyperfractionated RT (higher dose, same time), 
accelerated RT (same dose, shorter time), or accelerated RT 
with reduced total dose. Altered fractionation improved 5-year 
OS by 3.4%, with greatest benefit for hyperfractionated RT (8% 
benefit) vs. accelerated RT (1.7–2% benefit). Five-year LRC 
benefit 6.4% overall, mainly for local as opposed to regional 
failure. Benefit highest for youngest patients (<50–60 years). 
No effect of altered fractionation on DM.

JJ MACH-NC meta-analysis (Pignon et al. 2009): 93 phase III trials 
and 17,346 patients. OS benefit (4.5%) at 5 years when chemo-
therapy was added to RT, with greater benefit for concurrent 
chemo-RT vs. induction chemo followed by RT (6.5% OS ben-
efit with concurrent chemo-RT). Similar results in trials with 
post-op RT, conventional, and altered fractionation. No differ-
ence between mono or polychemotherapy regimens, but 
increased benefit with platinum-based compounds. Decreasing 
benefit with increasing age, with no benefit observed if ³71 
years.

RADIATIon TECHnIQUES
SIMULATIon AnD fIELD DESIGn

Simulate the patient supine with the head hyperextended. Wire JJ

neck scars and the tracheostoma (if present). Shoulders may be 
pulled down with straps. Immobilize with a thermoplastic head 
and shoulder mask. Bolus may be needed for anterior commis-
sure tumors and over the tracheostoma (if present).
A 3D conformal or IMRT plan should be used for any but simple JJ

opposed-lateral fields in order to spare normal tissues.
Computed dosimetry should be used in all cases. Wedges and/JJ

or compensating filters may be required.
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Use fluoroscopy if available to evaluate superior motion of JJ

 larynx with swallowing to ensure appropriate location of supe-
rior border.
Glottic larynx traditional field design.JJ

For T1N0, use a 5 × 5-cm field with the superior border at the JJ

top of the thyroid cartilage, the inferior border at the bottom of 
the cricoid, a 1-cm skin flash anteriorly, and a 2-cm margin pos-
teriorly (or the anterior edge of the vertebral body) (Fig. 9.1).
For glottic T2N0, the field size is increased to 6 × 6 cm with JJ

the inferior border one tracheal ring below the cricoid.
For T3–4N0, extend the superior border to 2 cm above the JJ

angle of the mandible, the posterior border behind the 
spinous processes, and the inferior border to include 
1.5–2 cm margin on the subglottic extent of the tumor. Match 
the lateral fields to the low-neck AP field. Treat the lateral 
fields to 42–45 Gy with a small cord block, then move the 
posterior border off-cord and use an electron boost to treat 
the elective posterior neck to 50 Gy. Boost the primary with 
a 1.5-cm margin to 70 Gy with chemo or to 72 Gy with a CB 
if chemo not used.

Fig. 9.1 Lateral DRR of a field used to treat a T1 glottic carcinoma
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Supraglottic larynxJJ

For T1N0 treat the primary and levels II–III.JJ

For T2–3, also treat low-neck because of increased risk of JJ

microscopic nodal disease.
For advanced cases, treat as described above for glottic.JJ

HypopharynxJJ

Treat primary and levels II–V and retropharyngeal nodes in JJ

all cases.
With traditional field design, the superior border is the skull JJ

base and mastoid. The inferior border is 1 cm below the infe-
rior extent of disease (or 1 cm below cricoid) on the laterals 
and matched to the AP low-neck field. With posterior pha-
ryngeal wall tumors, the anterior border does not need to 
flash the skin. A clothespin may be used to spare the skin 
anteriorly.

Post-opJJ

With traditional fields, use 3-field technique with stoma in JJ

low-neck AP field. Lateral fields cover neopharynx, adenopa-
thy, and 1.5–2 cm margin on preoperative extent of disease.
With conventional three-field techniques, the spinal cord is JJ

shielded on the lateral fields at the matchline if no gross dis-
ease is present. If gross disease is present at the matchline, 
angling the lateral fields to match the divergence of the AP 
field may help. A small midline block on the AP field may be 
necessary.
Indications to boost tracheal stoma to 60–66 Gy: emergent JJ

tracheostomy, subglottic extension, tumor invasion to soft 
tissues of neck, extranodal extension in level VI, close/+ mar-
gin, scar crosses stoma.

For low-lying high-risk areas in which matchline would go JJ

through the area, extended-field IMRT may be used.
Alternatively, may consider caudal tilt technique in which JJ

the lateral field gantry is moved 10° anterior and the couch is 
kicked 10° away from the beam and the SCV field is included 
in these lateral fields. At 42-Gy, posterior border is brought 
off-cord and this long strip is supplemented with electrons.

IMRTJJ

IMRT is not recommended for T1–2N0 glottic cancers, but JJ

may be considered for more advanced lesions.
GTV: clinical and/or radiographic gross disease.JJ

CTV1: 0.5–2 cm margin on primary and/or nodal GTV (depend-JJ

ing on the presence or absence of anatomic boundaries to 
microscopic spread).
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CTV2: elective neck.JJ

Individualized planning target volumes are used for the GTV, JJ

CTV1, and CTV2.

DoSE PRESCRIPTIonS
T1–2N0 glottic larynxJJ

>2 Gy/fx preferred. If 2 Gy/fx is used, total dose >66 Gy.JJ

UCSF uses 2.25 Gy/fx.JJ

Tis: 56.25–58.5 Gy.JJ

T1N0: 63 Gy.JJ

T2N0: 65.25 Gy.JJ

T3–4 and LN+ patientsJJ

Concurrent chemo-RT.JJ

Total dose typically 70 Gy in daily fx with cisplatin JJ

100 mg/m2 q3 weeks ×3c.
Altered fractionation and multiagent chemo have been JJ

evaluated with no consensus on the optimal approach.
With definitive RT, use altered fractionation. Options:JJ

Six fx/week during weeks 2–6: 70 Gy at 2 Gy/fx to primary JJ

and gross adenopathy.
CB: 72 Gy in 6 weeks (1.8 Gy/fx large field; 1.5 Gy boost JJ

as second daily fx during last 12 treatment days).
Hyperfractionation: 81.6 Gy in 7 weeks at 1.2 Gy b.i.d.JJ

Post-op RTJJ

60–66 Gy at 2 Gy/fx to high-risk areas and the postoperative JJ

bed.
Post-op chemo-RT indicated for nodal ECE and/or +margin(s) JJ

and considered for other risk features, including pT3–4, 
pN2–3, PNI, LVSI. Concurrent single agent cisplatin 100 mg/
m2 q3 weeks recommended.

Elective neckJJ

Uninvolved nodal stations: JJ ³50–56 Gy at 1.6–2 Gy/fx.
IMRTJJ

IMRT has been shown to reduce long-term toxicity in oropha-JJ

ryngeal, paranasal sinus, and nasopharyngeal cancers by reduc-
ing dose to salivary glands, temporal lobes, auditory structures, 
and the optic apparatus. The use of IMRT for laryngeal and 
hypopharyngeal cancers is evolving and may be used at the dis-
cretion of the treating physician.
Simultaneous integrated boost (“dose-painting”) technique JJ

used at UCSF.
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33 fx: GTV = 70 Gy at 2.12-Gy/fx, CTV1 = 59.4 Gy at 1.8-Gy/JJ

fx, CTV2 = 54 Gy at 1.64-Gy/fx.
Alternative techniques.JJ

Simultaneous integrated boost in 35 fx.JJ

(a) GTV = 70 Gy at 2-Gy/fx, CTV1 = 63 Gy at 1.8-Gy/fx, 
CTV2 = 56 Gy at 1.6-Gy/fx.

Sequential technique.JJ

(a) Initial lower-dose phase (weeks 1–5) followed by high-
dose boost volume phase (weeks 6 and 7) using two to 
three separate dose plans.

CB schedule.JJ

(a) Delivers dose to subclinical targets once daily for 6 
weeks, and a separate boost plan as second daily treat-
ment during last 12 treatment days.

Typically, seven nonopposing beam angles are used.JJ

Extended whole field neck technique is typically preferred JJ

for larynx and hypopharynx as the glottic larynx is consid-
ered a target or when gross disease extends inferiorly and 
close to the glottic larynx. With this technique, lateral fields 
are typically not used because they would require treating 
through the shoulder, so these are replaced with anterior 
oblique fields.
A split field technique with matched conventional low ante-JJ

rior neck field is sometimes used for nasopharynx and 
oropharynx lesions to reduce the dose to the glottic larynx. 
In this situation, the matchline is typically just above the 
arytenoids. A gradient match technique may be used as 
well.

DoSE LIMITATIonS
Spinal cord maximum dose JJ £45–50 Gy. Brainstem maximum 
dose £54 Gy. Keep 50% of the volume of each parotid £20 Gy (if 
possible) and mean dose <26 Gy. Mandible maximum dose 
£70 Gy. Brachial plexus dose <60 Gy.
Tracheostomas are limited to JJ £50 Gy unless (1) significant sub-
glottic extension, (2) emergent tracheostomy, (3) extranodal 
extension in neck level VI, or (4) close/+ margin, in which case 
it is boosted to 60–66 Gy.
For other head and neck primary sites, the goal mean dose to JJ

the larynx is <35–45 Gy and 2/3 should be kept below 50 Gy.
70 Gy carries 5% risk of laryngeal cartilage necrosis.JJ
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CoMPLICATIonS
Complications of RT include mucositis, dermatitis, xerostomia, JJ

dysgeusia, soft-tissue fibrosis, hypothyroidism, and rarely radi-
onecrosis, pharyngocutaneous fistula, or carotid rupture.
Perioperative complications of surgery include bleeding, air-JJ

way obstruction, infection, and wound complications. Post-op 
complications include webs, stenosis, chondritis, fistulas, and 
aspiration.
Patients need JJ ³2,000 calories/day to avoid malnutrition. 
Supplements (e.g., Boost or Ensure) and/or feeding tubes may 
be used.
Amifostine may decrease xerostomia and mucositis, but it may be JJ

associated with significant side effects (e.g., hypotension, N/V).

foLLoW-UP
H&P every 1–3 month for year 1, every 2–4 month for year 2, JJ

every 4–6 month for years 3–5, and every 6–12 months thereafter. 
Posttreatment baseline imaging recommended, and thereafter, 
as clinically indicated. CXR annually. TSH every 6–12 month if 
neck irradiated. Speech, swallow, dental, and hearing evaluations 
and rehabilitation as indicated. Smoking cessation counseling.
If recurrence is suspected but biopsy is negative, follow closely JJ

(at least monthly) until it resolves.
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Chapter 10

Salivary Gland Tumors

Chien Peter Chen and Naomi R. Schechter

PEARLS
Salivary gland neoplasms account for ~3–5% of H&N cancers.JJ

AnAtomy
Major salivary glands consist of the paired parotid, subman-JJ

dibular, and sublingual glands.
Minor salivary glands located throughout oral cavity, pharynx, JJ

and paranasal sinuses.
Parotid glands located lateral to the mandibular ramus and JJ

masseter muscle.
Facial nerve divides parotid gland into superficial and deep JJ

lobes.
Parotid gland drains into oral cavity through Stensen’s duct JJ

adjacent to upper second molar.
Lymphatic drainage from parotid gland is to intraparotid JJ

and periparotid nodes, followed by ipsilateral level I, II, and 
III nodes.

Submandibular gland is located under the horizontal mandib-JJ

ular ramus.
Submandibular gland is lateral to and abuts lingual (V3) and JJ

hypoglossal nerves and is medial to mandibular and cervical 
branches of CN VII.
Submandibular glands drain into oral cavity through JJ

Wharton’s duct.
Submandibular lymphatic drainage is to levels I, II, III.JJ

Drainage from parotid and submandibular glands to con-JJ

tralateral nodes is rare.
Sublingual gland located superior to mylohyoid muscle and JJ

deep to mucous membrane.
Sublingual glands drain into oral cavity through Rivinus JJ

ducts or Bartholin’s duct.
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Incidence of LN involvement varies according to histology and JJ

site.
Overall risk of lymph node involvement is less common than JJ

for SCC.
Adenoid cystic carcinoma has the lowest frequency of cervical JJ

node metastasis (5–8%), but the highest propensity for perineu-
ral spread.
LN metastases are most common with minor salivary gland JJ

tumors followed by submandibular gland tumors followed by 
parotid tumors.

HiStoLogy
Majority of salivary gland neoplasms are benign.JJ

Inverse relationship exists between size of parotid gland and JJ

ratio of malignant to benign cancer.
For tumors of the parotid gland, 80% are benign and 20% JJ

malignant.
Most parotid tumors present as painless swelling.JJ

Pleomorphic adenoma is most common benign salivary gland JJ

neoplasm.
Salivary gland cancer is notable for its remarkable histologic JJ

diversity.
Most common malignant histology of parotid gland is mucoepi-JJ

dermoid carcinoma.
Most common malignant histology of submandibular and JJ

minor salivary glands is adenoid cystic carcinoma.
Acinic cell carcinoma usually occurs only in the parotid JJ

gland.

otHER
Prognostic variables include grade, postsurgical residual dis-JJ

ease, and LN status.
Larger tumor size and cranial nerve involvement associated JJ

with poor prognosis.
Patterns of failure generally dominated by high rates of distant JJ

metastases.
Most likely sites for DM is lung, followed by bone and liver.JJ

Adenoid cystic, ductal, and undifferentiated carcinoma have JJ

highest rates of DM.
Loss of salivary function is permanent and complete after JJ

35 Gy with standard fx.
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Despite high DM rate, there is generally no role for JJ

chemotherapy.

WoRKUP
H&P with bimanual palpation. Carefully examine cranial JJ

nerves and for trismus.
CT and/or MRI of head and neck. PET scan is still investiga-JJ

tional for salivary gland cancers.
Fine-needle aspiration biopsy.JJ

Chest X-ray.JJ

Dental evaluation prior to the start of RT.JJ

Note that minor salivary gland cancer is staged according to sys-JJ

tems for the anatomic site of origin (e.g., oral cavity, sinuses, etc.)
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tREAtmEnt RECommEnDAtionS

gEnERAL PointS
Surgery forms the mainstay of definitive treatment for salivary JJ

gland malignancies.
Complications of surgery include facial nerve dysfunction and JJ

Frey’s syndrome.
Frey’s syndrome consists of gustatory flushing, sweating, auric-JJ

ulotemporal syndrome.
Superficial parotidectomy can generally be performed for low-JJ

grade parotid tumors.
Facial nerve-sparing approaches can often be performed to JJ

preserve function, cosmesis.
Neck dissection recommended for clinically + LN or high-grade JJ

histology.
Indications for post-op RT are currently controversial  JJ

as there is no randomized data analyzing the role of post-op 
RT.
Consider post-op RT for PNI, close/+ margins, high-grade JJ

tumors, and T3-4 tumors.
Patients with pathological LN involvement should receive post-JJ

op RT.
RT alone is indicated for medically inoperable and unresec-JJ

table tumors. LC rates with RT alone range from 20 to 
80%.
Neutron therapy may achieve better LC for unresectable or JJ

inoperable tumors.
Brachytherapy or intraoperative RT can be considered for JJ

recurrent tumors.
IMRT reduces mean doses to normal structures and allows JJ

dose-escalation to tumor.
Chemotherapy is considered investigational.JJ

2002 Stage Recommended treatment

Resectable  
T1-2N0, superficial

Surgery followed by observation if low-grade.JJ

Consider post-op RT if adenoid cystic or JJ

intermediate to high grade

Resectable,  
T3-4 or N+

Surgery with neck dissection for LN+ or high JJ

grade followed by post-op RT for close/+ 
margins, intermediate–high grade, adenoid 
cystic, PNI, LVSI. RT to neck for pN+, T3-4, 
and/or high grade to reduce local/regional 
failure (>20–50% down to 5–10%)

continued
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Unresectable Definitive RT. LRC may be higher with JJ

neutrons than photons

Pleomorphic  
adenoma

If total parotidectomy, LR <1 vs. ~20% after JJ

simple enucleation. Post-op RT controversial 
and sometimes indicated if multifocal, PNI, or 
residual disease. Post-op RT LRC is 90–95%

StUDiES
Fu et al. (JJ 1977): retrospective analysis of 100 cases of major 
and minor salivary gland cancer treated with surgery or sur-
gery + RT. The addition of post-op RT significantly improved 
LC for patients with adenoid cystic carcinoma, locally advanced 
(stage III/IV) disease, and + margins.
Garden et al. (JJ 1997): retrospective analysis of 166 patients with 
parotid gland malignancies treated with surgery + RT. On mul-
tivariate analysis, facial nerve sacrifice and pathologic cervical 
nodal disease were associated with LF. The actuarial 5-, 10-, 
and 15-year LC rates were 92, 90, and 90%, respectively.
Garden et al. (JJ 1995): retrospective analysis of 198 patients with 
adenoid cystic carcinoma of the H&N treated with surgery + RT. 
Five- and 10-year LC was 95 and 86%, respectively. Patients with 
positive margins and major (named) nerve involvement were at 
significantly increased risk of LR.
Armstrong et al. (JJ 1990): matched-pair analysis of 92 patients 
treated with surgery vs. surgery and post-op RT. The addition of 
post-op RT improved outcome for patients with stage III/IV dis-
ease and for patients with pathological + LN.
Armstrong et al. (JJ 1992): retrospective review of 474 previously 
untreated patients with major salivary gland cancers in an 
attempt to define indications for elective treatment of the neck. 
Overall, clinically occult, pathologically + LN occurred in only 
12% of patients. On multivariate analysis, only primary tumor 
size and grade were significant risk factors.
Chen et al. (JJ 2007a, b): retrospective analysis of 251 patients 
with clinically N0 salivary gland carcinomas treated with sur-
gery and postoperative radiation therapy. Ten-year regional 
(neck) failure was 13%. Median time to neck relapse was 1.4 
year. Ten-year actuarial rates of nodal  failure for T1, T2, T3, 
and T4 disease were 7, 5, 12, and 16%, respectively. ENI reduced 
10-year estimated nodal failure from 26 to 0%.
North et al. (JJ 1990): retrospective analysis of 87 patients with 
major salivary gland cancer treated with surgery or surgery + 
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post-op RT. The addition of post-op RT significantly improved 
5-year OS (59→75%) LF (26→4%).
Storey et al. (JJ 2001): retrospective analysis of 83 patients treated 
with surgery and postoperative RT for submandibular gland 
malignancies. Actuarial 10-year LRC was 88%, 10-year DFS 
was 53%, and OS was 55%.
Terhaard et al. (JJ 2005): retrospective analysis of 538 patients 
treated for major salivary gland tumors. Post-op RT improved 
10-year LC compared with surgery alone for patients with T3-4 
tumors (18→84%), close (55→95%) and incomplete resection 
(44→82%), bone invasion (54→86%), and PNI (60→88%).
Chen et al. (JJ 2007a, b): retrospective analysis of 207 patients 
with major salivary gland carcinomas treated with definitive 
surgery without postoperative radiation therapy. Five and 
10-year LRC were 86 and 74%, respectively. Pathologic lymph 
node metastasis, high histologic grade, positive margins, and 
T3-4 disease were independent predictors of LRR. Presence of 
any one of these factors had associated 10-year LRC of 
37–63%.
Spiro et al. (JJ 1993): retrospective analysis of 62 patients with 
parotid gland malignancies treated with surgery and post-op 
RT. Actuarial 5/10-year LC was 95/84%. Patients with larger 
tumors, recurrent disease, or facial nerve involvement had 
lower DFS.
Boahene et al. (JJ 2004): retrospective analysis of 89 patients with 
mucoepidermoid carcinoma of parotid gland treated predomi-
nantly with surgery alone. DFS at 5, 15, and 25 years were 99, 
97, and 97%, respectively.
Garden et al. (JJ 1994): retrospective analysis of 160 patients 
treated with surgery and post-op RT for minor salivary gland 
cancer. Fifteen-year LC, DFS, and OS were 78, 54, and 43%, 
respectively. On multivariate analysis, paranasal primary site 
associated with increased risk of LF.
Loh et al. (JJ 2009): retrospective analysis of 171 patients 
treated by surgery alone (30.7%), surgery and post-op RT 
(30.7%), or RT alone (38.6%) for minor salivary gland can-
cer. Ten-year DFS, DSS, and OS were 48, 67, and 58%, respec-
tively. LR and DM were 27 and 19%, respectively. On 
multivariate analysis, grade of tumor associated with DSS.
RTOG/MRC (Laramore et al. JJ 1993): randomized trial of 32 
patients with inoperable primary or recurrent salivary gland 
cancer compared fast neutron RT vs. conventional RT with pho-
tons and/or electrons. Trial was stopped early due to  advantage 
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with neutrons [improved 10-year LRC, but not OS (15–25%)]. 
Distant metastases accounted for most failures.
Wang and Goodman (JJ 1991): retrospective analysis of 24 
patients treated with RT alone for salivary gland malignancies. 
All lesions were irradiated by accelerated hyperfractionated 
photons (bid) with 1.6 Gy per fraction, intermixed with various 
boost techniques including electron beam, intraoral cone, 
interstitial implant, and/or submental photons for a total of 
65–70 Gy. Five-year LC for parotid gland lesions was 100% with 
65% OS. For minor salivary gland tumors, the 5-year LC was 
78% and OS was 93%.
Mendenhall et al. (JJ 2004): retrospective analysis of 101 patients 
treated with RT for adenoid cystic carcinoma of the H&N. Ten-
year LC was 43% for patients treated with RT alone compared 
to 91% for patients treated with surgery and post-op RT. On 
multivariate analysis, T stage and clinical nerve invasion influ-
enced CSS.

RADiAtion tECHniQUES
SimULAtion AnD fiELD DESign

Simulate supine with customized immobilization devices.JJ

Head secured in holder with face mask and neck JJ

hyperextended.
All incisional scars and masses are wired for visualization.JJ

Bite block used to facilitate immobilization and reduce amount JJ

of normal tissue in field.
Shoulder pull board can be employed to maximally depress JJ

shoulders.
CT-planning allows for more accurate dose distribution.JJ

Various techniques have been described for salivary gland JJ

radiation.
Post-op tumor volume includes operative bed with at least 2 cm JJ

margin.
Mixed photon/electron beam can be used en face to cover target JJ

volume with margin. Weighting is generally 50–80% weighting 
toward electrons. Electron energy depends on distance from 
skin of ipsilateral cheek to oral mucosa. Typically, 12–16 MeV 
electrons are used in combination with 4–6-MV photons.
Wedge pair technique with photons can also be used with ante-JJ

rior/posterior obliques. To avoid exit dose through contralat-
eral eye, slightly angle beams inferiorly. Include entire surgical 
bed in irradiated tumor volume with bolus over the scar.
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Consider neutron therapy for unresectable or medically inop-JJ

erable tumors.
IMRT may be used to spare normal tissues and dose-JJ

escalate.
Elective RT to the neck depends on histology, primary site, and JJ

presentation.
Treatment of contralateral lymph nodes is unnecessary since JJ

failure there is rare.
Using photons, AP/PA, or direct AP fields can be used.JJ

Neck field is angled obliquely to keep off spinal cord.JJ

With neck RT, attention to geometric match with primary field JJ

is essential.
Half-beam block is used for the cranial edge of the neck field to JJ

eliminate divergence.
For adenoid cystic carcinoma, irradiate pathways of  cranial JJ

nerves to base of skull.

DoSE PRESCRiPtionS
Post-op RT, negative margins: 60–63 Gy at 1.8–2 Gy/fxJJ

Post-op RT, +margins 66 Gy at 1.8–2 Gy/fxJJ

RT alone or post-op RT for gross residual disease: 70 at 1.8–2 JJ

Gy/fx
Elective neck RT: 50–54 Gy at 1.8–2 Gy/fxJJ

DoSE LimitAtionS
Spinal cord JJ £45 Gy, brainstem £54 Gy, optic chiasm and nerves 
£54 Gy, cochlea £50 Gy, mandible £60–70 Gy, temporal brain 
£60 Gy, uninvolved salivary glands £24 Gy.

ComPLiCAtionS
Xerostomia, trismus, otitis media, hair loss, skin erythema and JJ

desquamation, dental problems, taste loss, hypothyroidism, 
mucositis, oral candidiasis, esophagitis, CN palsy, second 
malignancy.

foLLoW-UP
H&P every 1–3 months for 1 year, every 2–4 months for second JJ

year, every 4–6 months for years 3–5, and annually thereafter. 
Regular head imaging with MRI and CXR as indicated. TSH 
every 6–12 months if neck irradiated.
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Chapter 11

Thyroid Cancer

Jennifer S. Yu, Joy Coleman, and Jeanne Marie Quivey

PEARLS

Thyroid cancer is rare – 1% of malignancies and 0.2% of cancer JJ

deaths in the US. Incidence is increasing, which may, in part, 
be related to increased detection of subclinical disease by 
extensive use of ultrasound and FNA. Female:male ratio of 3:1. 
Incidence begins increasing in teenage years, peaking in the 
fifth decade.
Prior radiation exposure is the main environmental factor JJ

linked to development. It can result in benign (goiter, nodular 
disease) and malignant thyroid disease. Radiation induced 
tumors are usually well-differentiated and behave similar to 
spontaneous thyroid cancer. Periodic clinical and biochemical 
testing (serum thyroglobulin) is prudent for those who have 
undergone prior thyroid irradiation (including incidental irra-
diation during mantle or head and neck radiation). No evidence 
to support increased incidence of medullary or anaplastic thy-
roid cancer in patients previously exposed to radiation.
Pathology – listed in order of declining prognosis:JJ

Papillary thyroid carcinoma (several variants; all arise from JJ

follicular cells).
Solid papillary thyroid carcinoma – good prognosis.JJ

Follicular variant, formerly called mixed papillary-follicu-JJ

lar, but not to be confused with follicular carcinoma 
(demonstrates biologic and prognostic characteristics of 
papillary carcinoma). Good prognosis.
Diffuse sclerosing, tall cell, columnar cell – all have poor JJ

prognosis.
Takes up RAI.JJ

Follicular thyroid carcinoma (arises from follicular cells).JJ

No cytologic features distinguish minimally invasive car-JJ

cinomas from benign follicular adenomas. Therefore, 
cannot diagnose on FNA.
Takes up RAI.JJ
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Hürthle Cell (oncocytic carcinoma).JJ

Cell of origin unclear: historically thought to be follicular JJ

variant, but molecular studies suggest it may be more 
similar to papillary.
Can be benign or malignant – if they do not demonstrate JJ

evidence of microscopic invasion, they behave like ade-
nomas. If they have histologic evidence of malignancy, 
they are usually more aggressive than ordinary follicular/
papillary carcinomas (10-year survival 76 vs. 85%).
Takes up RAI.JJ

Medullary thyroid cancer.JJ

Arises from the parafollicular/C cells that produce JJ

calcitonin.
Often multifocal or bilateral, lymph nodes commonly JJ

involved.
Monitor disease by calcitonin levels.JJ

Twenty to thirty percent familial so work up for MEN.JJ

MEN 2 is autosomal dominant; it involves the RET proto-JJ

oncogene on chromosome 10. MEN 2A – pheochromocy-
toma, parathyroid tumors, medullary thyroid cancer. MEN 
2B – Marfanoid habitus, ganglioneuromas of the mucosa 
and GI tract, pheochromocytomas, mucosal neuromas of 
tongue and lips, medullary thyroid cancer. Lifetime risk for 
carriers ~90%. It is codon dependent and age dependent. 
Prophylactic total thyroidectomy produces cure rate >90%.
C cells do not take up RAI, but may consider treating with JJ

RAI in inoperable cases as nearby follicular cells will take 
up RAI and may kill adjacent medullary thyroid cancer 
cells in thyroid bed. Note: RAI would not treat involved 
LN or distant sites of disease.

Anaplastic thyroid carcinoma.JJ

Rare; aggressive.JJ

Must be distinguished from poorly differentiated  medullary JJ

carcinoma, lymphoma, and poorly differentiated follicu-
lar carcinoma (all have different treatment and better 
prognosis).
Poor prognostic markers: older age, male gender, tumor JJ

>7 cm, extent of disease, LN involvement, metastasis, leu-
kocytosis, poor performance status, presence of acute 
symptoms.
Does not take up RAI.JJ

Lymphatic drainage initially to the central compartment, nodes JJ

in the tracheo-esophageal groove, and the nodes anterior to the 
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larynx just above the isthmus (Delphian nodes). Cervical nodes 
also frequently involved; less commonly the anterior mediasti-
num, and occasionally, the supraclavicular and retropharyn-
geal nodes. All of these sites must be considered in treatment 
planning.
Sites of DM: lung > bone > liver.JJ

Prognostic factors: age is the most important prognostic factor JJ

determining survival in well-differentiated thyroid cancers and 
is reflected in staging criteria. Poor prognostic factors: old age, 
large tumor size, extrathyroidal extension (ETE), higher histo-
logic grade, postoperative macroscopic residual disease, male 
sex, and distant metastases.
Treatment modalities: surgery (total thyroidectomy or near-JJ

total thyroidectomy preferred, prophylactic central neck and 
lateral neck dissection controversial), thyroid hormone sup-
pression, RAI. Consider EBRT ± chemotherapy if high risk 
(multiple recurrences, positive margins, no RAI uptake, or ana-
plastic cell type).

WORKUP

Many present with asymptomatic palpable thyroid nodule. JJ

Advanced cases can present with larger masses, hoarseness 
caused by recurrent laryngeal nerve paralysis, or invasion into 
the larynx, pharynx, or esophagus. Can also present in a thyro-
glossal duct cyst (rare) or with cervical nodal mets. Occasionally, 
can present with DM in lung or skeleton.
FNA is the most important diagnostic tool. Sensitivity 98%, JJ

specificity 99%, accuracy 98%. Results can be benign, suspi-
cious, malignant, or unsatisfactory/indeterminant. A negative 
FNA still requires careful consideration of all clinical factors 
before a decision to perform repeat FNA or advance to an exci-
sional bx/lobectomy can be made. A suspicious or indetermi-
nate finding on FNA does not exclude follicular carcinoma.
Radionuclide scintigraphy and thyroid ultrasound are comple-JJ

mentary tests that can help provide additional information. 
Should be performed after FNA (if FNA is positive, they are super-
fluous and not cost effective for evaluating the thyroid gland).
US of the neck or MRI are useful to detect adenopathy. Do not JJ

use iodinated contrast with CT scan as this will block treat-
ment with I-131 for up to 6 months (24 h urinary iodine mea-
surement will indicate when RAI treatment possible).
Blood tests: T3, T4, TSH, thyroglobulin.JJ
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If FNA indicates medullary carcinoma, check serum calcitonin, JJ

CEA, and calcium as well as urine and serum catecholamines 
(to screen for pheochromocytoma). If positive for pheochro-
mocytoma, this should be treated first. With more advanced 
disease, medullary carcinoma can present with diarrhea from 
calcitonin production. This carries a poor prognosis. Medullary 
carcinoma can be a finding in MEN 2 patients, and families 
must be screened for the RET proto-oncogene. If a RET proto-
oncogene germline mutation is detected, other family members 
should undergo codon oriented prophylactic surgery (COPS). 
The specific codon involved will dictate the appropriate timing 
of surgery for other family members.
Check TSH levels prior to initiating RAI therapy. It should be JJ

high for maximal efficacy.
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tREAtMENt RECOMMENdAtIONS
Papillary/follicular/hürthle 
cell

Recommended treatment

Low-risk disease
Well differentiated, age 
15–45 years, no prior RT, no 
LN or DM, no extrathyroidal 
extension, no FH of thyroid 
cancer, and tumor <4 cm in 
diameter

Total thyroidectomy. At 4–6 weeks JJ

post-op, TSH, thyroglobulin, and anti-
thyroglobulin antibodies measured 
along with total body RAI scan →RAI 
treatment if indicated. Common indi-
cations include elevated thyroglobulin 
>1 ng/mL or a positive RAI scan
Lobectomy + isthmusectomy with no RAI JJ

is an option for low-risk patients, but not 
considered standard because it makes 
follow-up with TSH, thyroglobulin, and 
RAI difficult/impossible
Incidental micropapillary carcinoma JJ

(£1 cm). Slow-growing. Treatment is 
controversial-observation vs. unilateral 
lobectomy ± levothyroxine therapy. 
Consider more aggressive treatment 
(total thyroidectomy ± neck dissection, 
RAI) if multifocal, N+ or M+

High-risk disease
Age <15 year or >45 years, 
RT history, known regional 
or DM, multifocal tumor, 
ECE, tumor >4 cm, or +FH

Thyroidectomy with LN dissection JJ

followed by RAI scan and tx. If LN+, 
then post-op RAI ± EBRT

Local/regional recurrence LN recurrence: neck dissection followed JJ

by RAI. Small volume disease in the 
superior mediastinum: RAI alone. Large 
volume mediastinal disease: superior 
mediastinal dissection followed by RAI. 
EBRT used for persistent/recurrent 
disease after surgery and RAI. Other 
indications include patients with 
unresectable disease or patients with 
no uptake on RAI

Metastatic disease Can have long survival so treat aggressively JJ

with RAI and EBRT, depending on site 
of metastasis. Survival times longest 
for patients with diffuse, small-lung 
metastases that concentrate RAI. Chemo 
not very effective. Most effective is single 
agent doxorubicin. Total thyroidectomy 
important even in the face of DM to 
allow for treatment with RAI
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Medullary carcinoma Recommended treatment

Local/regional disease Total thyroidectomy with central Level JJ

VI LN dissection. Consider ipsilateral 
cervical Level II–V. Contralateral cervical 
LN dissection only if ipsilateral nodes are 
positive. EBRT for patients with gross/
microscopic residual disease after surgery, 
extensive regional LN involvement, T4a 
disease, or unresectable disease. Check 
serum calcitonin and CEA post-op to help 
determine if residual/metastatic disease is 
present. No role for chemo

Metastatic disease Palliative chemo (doxorubicin ± cisplatin), JJ

hormonal therapy (octreotide), and/or local 
RT. Consider a clinical trial: EGFR receptors 
being tested in phase II clinical trials

Anaplastic Complete surgical resection gives only JJ

chance of cure. If GTR not possible, then 
radical surgery is not indicated but airway 
management is needed. EBRT used for 
LC and to palliate symptoms. Altered 
fractionation and concurrent chemo-RT 
is under investigation due to poor LC with 
EBRT alone. Clinical trials preferred. No 
role for RAI

EBRt  tRIALS

No major prospective, randomized trials have been successful JJ

in enrolling adequate patient numbers. However, large 
 international groups are studying the incidence, biology, and 
treatment of thyroid cancers, such as EUROMEN and the 
International RET Mutation Consortium for MTC.

dIffERENtIAtEd thYROId CANCER
JJ PMH experience (Brierley et al. 2005): retrospective review of 
729 patients with papillary or follicular thyroid cancer treated 
with surgery and/or RAI and/or EBRT. Median follow-up  
11 years. Overall 10-year CSS 87.3%, 10-year local-regional 
relapse-free rate (LRFR) 84.9%. RAI improved overall LRFR 
(HR 0.5, p = 0.007). No benefit of RAI in low-risk, Stage I 
patients £45 years. EBRT improved 10-year LRFR (85.4 vs. 
95.9%, p = 0.03), but not CSS (98.2 vs. 100%, p = 0.09) among 
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patients <60 years. EBRT improved both 10-year CSS (81 vs. 
64.4%, p = 0.04) and LRFR (86.4 vs. 65.7%, p = 0.01) in high 
risk, elderly patients (age >60 years, ETE but no gross resid-
ual disease).

JJ Hong Kong experience (Chow et al. 2002): retrospective review of 
842 patients with papillary thyroid cancer treated with surgery 
and/or RAI, and/or RT. Mean follow-up 9.2 years. Distribution 
of patients by stage (1/2/3/4/unknown) 59%/9.6%/26%/2.3%/3.4%. 
Ten-year CSS by stage: 99.8%/91.8%/77.4%/37.1%. If M0 and no 
post-op LR disease, RAI improved LRC (RR = 0.29) and DM 
(RR = 0.2), but not CSS. EBRT improved LRC, particularly in 
patients with gross residual disease [10-year LRC 56% (+RT) vs. 
24% (no RT)].

JJ Hurthle cell carcinoma (Foote et al. 2003): retrospective review 
of 18 patients receiving RT for Hurthle cell carcinoma of the 
thyroid gland between 1943 and 1995. Five patients received 
adjuvant RT, seven received salvage RT for unresectable recur-
rent disease, and 6 received palliative RT for DM. Five-year OS 
and CSS rates were 66.7 and 71.8%, respectively. Adjuvant and 
salvage RT prevented recurrence in 4/5 and 3/5 patients, 
respectively. Salvage RT was successful in 3 of 5 patients 
treated with EBRT.

JJ Incidental papillary microcarcinoma, Mayo Clinic experience 
(Hay et al. 2008): review of 900 patients status postsurgery 
(85% with bilateral lobar resection, 50% nodal resection – 
27% with “node picking,” 23% compartment dissection). Mean 
follow-up 17.2 years. Ninety-eight percent intrathyroidal, 30% 
with neck nodal involvement, 0.3% with DM at diagnosis. 
Seventeen percent received RAI. OS similar to age-matched 
controls. Only 0.3% died of disease. Multifocal disease and 
LN+ at higher risk of recurrence, but overall risk of recur-
rence was low, 6%/8% at 20/40 years. No difference in recur-
rence rate if total thyroidectomy or RAI vs. unilateral 
lobectomy alone.

MEdULLARY thYROId CANCER
JJ MDACC experience (Schwartz et al. 2008): retrospective review 
of 34 patients with advanced medullary cancer (Stage IVa–c) 
treated with surgery and post-op RT. Median RT dose for all 
patients 60 Gy/30 fx (66 Gy if gross disease, 50.5 Gy if meta-
static at time of presentation). Five-year locoregional relapse-
free survival 87%, DSS 62%, OS 56%.
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ANAPLAStIC thYROId CARCINOMA
JJ SEER analysis (Kebebew et al. 2005): 516 patients diagnosed 
between 1973 and 2000 drawn from the SEER database. Sixty-
four percent of patients underwent resection of their tumor, 
and 63% received EBRT. The overall CSS was 68.4% at 6 
months and 80.7% at 12 months. On multivariate analysis, only 
age <60 years, an intrathyroidal tumor, and the combined use 
of surgery and EBRT were independent predictors of lower 
cause-specific mortality.

JJ SEER reanalysis (Chen, Am J Clin Oncol 2008): 261 patients with 
anaplastic thyroid cancer treated with surgery with or without 
adjuvant RT. In contrast to Kebebew analysis, excluded patients 
with <1 month survival after diagnosis and all patients were 
operable candidates. Thirty-eight percent patients presented 
with DM. MS 4 months. RT improved survival for patients with 
ETE involving adjacent tissues, but not patients with disease 
confined to capsule, further extension, or DM. Poor prognostic 
factors on multivariate analysis: disease extension beyond 
 thyroid, DM, older age, tumor size >7 cm, no treatment.

RAdIAtION tEChNIQUES

SIMULAtION ANd fIELd dESIGN
Simulate patient supine with neck extended using an aquaplast JJ

mask to immobilize head and shoulders.
Must decide when to treat thyroid bed alone (for differentiated JJ

thyroid carcinoma without extensive extrathyroidal disease) 
vs. thyroid, neck, and superior mediastinum (essentially all 
other definitive treatment).
When treating the thyroid alone, treat from the hyoid superi-JJ

orly to just below the suprasternal notch. CT treatment plan-
ning is encouraged to ensure adequate coverage of substernal 
thyroid. Can use an anterior electron beam vs. anterolateral 
wedged pair.
For large volume treatment, there are many different treatment JJ

possibilities, but 3DCRT or IMRT is essential due to the target 
volume’s size, shape, and proximity to other critical structures 
(including the spinal cord, larynx, and lungs). In general, low-
risk CTV includes uninvolved bilateral cervical nodes (Levels 
II–IV, VI, ± retropharyngeal nodes) and superior mediastinal 
nodes. Volume typically extends from mastoid tip to aortic 
arch. High-risk CTV includes primary tumor bed and central 
nodal compartment, areas with involved nodes.
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Boost gross residual disease or any areas of ETE to doses listed JJ

below.

dOSE PRESCRIPtIONS
Papillary/follicular/medullary: treat low-risk CTV to 54 Gy, JJ

higher-risk areas for microscopic disease to 59.4–63 Gy, positive 
margins to 63–66 Gy, and macroscopic disease to 66–70 Gy.
Anaplastic: conventional fractionation to JJ ³65 Gy. Due to poor 
response with standard fractionation, some use 1.5 Gy b.i.d. to 
60 Gy ± chemo. For patients with poor KPS or known metasta-
sis, a palliative approach can be used.

dOSE LIMItAtIONS
From EBRT: esophagus <50–60 Gy. Salivary gland <24 Gy mean JJ

dose (consider RAI also affects salivary function). Spinal cord 
£45–50 Gy. Brachial plexus <60 Gy. Lung 2/3 <20 Gy.
From RAI: total dose to bone marrow is 2 Gy.JJ

NUCLEAR MEdICINE
The details of treatment with RAI are beyond the scope of this JJ

book. Readers are referred to nuclear medicine literature for 
details about the procedure.
RAI indicated for papillary, follicular, and some medullary thy-JJ

roid cancers.
Treatment with JJ

131I requires preparation with thyroxine with-
drawal and a low iodine diet in order to maximize uptake of 
RAI. Synthyroid (T4) is stopped for 6 weeks and cytomel (T3) 
given for the first 3 weeks prior to scanning and treatment. For 
the last 2–3 weeks, patients are given no replacement at all and 
started on a low iodine diet.
Recombinant TSH (rhTSH, thyrogen) – alternative to thyroid JJ

hormone withdrawal. Allows scanning without thyroxine with-
drawal, which does not require induced hypothyroidism, and 
thus is better tolerated by patients, but its use is relatively new 
and it is still gaining acceptance. The patient still needs to be 
on the low iodine diet.
RAI scan is performed first to determine if treatment is appro-JJ

priate and to determine the appropriate therapeutic dose. Treat 
with 100–200 mCi within 5 days of the diagnostic scan. Some 
physicians skip the diagnostic scan for fears of blunting uptake 
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at the time of treatment and prescribe a fixed dose of 100 mCi. 
Others standardly prescribe 30 mCi as this is easier to deal with 
from a nuclear regulatory commission perspective, but this 
lower dose is much less effective. Rescan 7–10 days after treat-
ment to identify additional foci of uptake undetected on the 
diagnostic scan and to document sites of disease treated.
Repeat diagnostic RAI scan ~4–6 months later if the first scan JJ

is positive. If repeat scan is positive, can retreat or rescan in 6 
months. Continue rescanning and retreating until all detect-
able tumor cells has disappeared by I-131 scan. Once scan is 
negative, repeat in 1–2 years. If this is negative, then follow 
clinically.
Never use iodinated contrast in a patient who will need RAI JJ

within 3–6 months.

COMPLICAtIONS

From EBRT: acute – skin breakdown, esophagitis, mucositis, JJ

changes in taste, xerostomia, laryngitis. Late – skin changes, 
fibrosis, lymphedema under chin, xerostomia, dental carries, 
esophageal stenosis.
From RAI: acute – sialadenitis, xerostomia, cystitis (encourage JJ

good hydration), radiation gastritis (nausea, vomiting), diar-
rhea, pain (from localized tumor picking-up RAI very well), 
transient leucopenia/thrombocytopenia. Transient oligospermia 
in males. Rarely, thyrotoxicosis during the first 1–2 weeks due 
to tumor lysis and release or thyroid hormone. Manage with 
propranolol. Acute radiation pneumonitis if extensive pulmo-
nary metastases are present.
Chronic side effects – increased risk of leukemia with cumula-JJ

tive doses >800 mCi, increased risk of breast and bladder can-
cer with doses >1,000 mCi; late pulmonary fibrosis in patients 
with diffuse pulmonary metastases. No increased incidence of 
infertility, miscarriages, stillbirth, prematurity, and congenital 
anomalies, although most advise that patients wait 6 months 
before attempting pregnancy.

fOLLOW-UP

H&P, labs (thyrotropin, free T3, thyroglobulin, TSH), US of the JJ

neck every 6 months. MRI neck increasing in use. Frequency of 
RAI scans controversial. Disadvantage is the requirement for 
thyroxine withdrawal and resultant hypothyroidism, but use of 
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recombinant TSH (thyrogen) may allow scanning without thy-
roxine withdrawal. PET/CT scans are sometimes useful in 
patients with elevation of thyroglobulin, but no uptake with 
RAI. Serum calcitonin useful for following medullary thyroid 
carcinoma.
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Chapter 12

Unusual Neoplasms of the  
Head and Neck

Sunanda Pejavar, Eric K. Hansen, and Sue Yom

PEARLS
JJ Chloromas (also called granulocytic sarcomas or myeloid sarco-
mas) are solid extramedullary tumors consisting of early myel-
oid precursors associated with AML. The name derives from 
the green color of affected tissues. They are more frequent with 
AML M4 and M5 subtypes, and are associated with t(8;21). 
They may herald AML relapse after remission. They present in 
the CNS with increased intracerebral pressure, or in the orbit 
with exophthalmos.

JJ Chordomas originate from the primitive notochord. Fifty per-
cent occur in the sacrococcygeal area, 35% in the base of skull, 
and 15% in cervical vertebrae. The most common age is in the 
range of 50–60. They are more common in men (2–3:1). They are 
locally invasive with slow growth. Metastases occur in up to 25% 
of patients, but lymph node spread is uncommon. Gross total 
resection is accomplished in only 10–20% of patients. Protons 
offer improved local control.

JJ Chondrosarcomas are malignant primary bone tumors that 
arise in cartilaginous elements. They frequently arise in the 
base of skull, commonly in the sphenoid bone. They can be 
either high or low grade, with the majority being low 
grade.

JJ Esthesioneuroblastomas arise in the olfactory receptors of the 
nasal mucosa or cribiform plate. They present most commonly 
at ages 11–20 or 40–60 years, and the most common symptoms 
are epistaxis and nasal blockage. LN spread is £10% for early-
stage disease, but is as high as 50% for Kadish stage C 
disease.

JJ Glomus tumors are also called paragangliomas, chemodectomas 
(when nonchromaffin producing), or carotid body tumors 
(when chromaffin producing). They arise from the carotid 
body, jugular bulb, or middle ear from the tympanic nerve (of 
Jacobson) or auricular nerve (of Arnold). They rarely spread to 
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nodes or metastasize (<5%). The mean age is in the 40s. They 
are more common in women (3:1). They present with ear pain, 
pulsations, tinnitus, cranial nerve palsies, or a painless mass. 
Biopsies may cause severe bleeding. They are associated with 
neurofibromatosis, MEN syndromes, and thyroid CA.

JJ Hemangioblastomas are benign vascular tumors. The most 
common age is in the 20–30s. Most are found in the cerebel-
lum. It is the most common cerebellar tumor in adults. It is 
associated with von-Hippel Lindau disease (cerebellar and reti-
nal hemangioblastomas, pancreatic and renal cysts, renal cell 
carcinoma).

JJ Hemangiopericytomas are sarcomatous lesions arising from the 
smooth muscle around vessels. They most commonly present 
in the base of the skull. They grow slowly and are locally inva-
sive and hypervascular. They may be confused for meningioma. 
In the nose, they present with epistaxis. In the orbit, they pres-
ent as painless proptosis. Meningeal hemangiopericytomas 
have >80% LR. Late metastases occur in 50–80% of patients.

JJ Juvenile nasopharyngeal angiofibromas arise most frequently in 
pubertal boys, but age ranges from 9 to 30 years. They present 
with nasal obstruction or epistaxis. They have a pronounced ten-
dency for hemorrhage, so biopsy is contraindicated. They often 
contain androgen receptors and may regress with estrogen ther-
apy. Less than 4% of patients are female.

JJ Nasal NK/T cell lymphoma (called also lethal midline granuloma 
or midline polymorphic reticulosis) presents with progressive 
ulceration and necrosis of midline facial tissues, and is associ-
ated with EBV. The differential diagnosis includes Wegener’s 
granulomatosis, polymorphic reticulosis, cocaine abuse, sar-
coidosis, and infection. Pathology reveals nonspecific acute 
and chronic inflammation with necrosis. The cause is idio-
pathic. It is more common in men, and presents most com-
monly in the nasal cavity and paranasal sinuses. The most 
common age is in the 50s. Must rule out Wegener’s because it 
responds to steroids.

WORKUP
H&P, CT, MRI, angiogram (optional), CBC, chemistries, audio-JJ

gram (to establish baseline hearing), visual testing (optional), 
neurosurgical consultation with biopsy only as indicated 
(radiographic appearance may be pathog nomonic).
For hemangioblastoma, MRI brain ± CT angiography ± MRI JJ

spine (if VHL+).
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For hemangiopericytoma, consider CT chest abdomen pelvis to JJ

rule out metastases.
For NK/T cell lymphoma, CT of abdomen and pelvis and/or JJ

whole body PET/CT, and bone marrow biopsy.

STAGING
AML has three stages: untreated, in remission, or recurrent.JJ

Chordomas and chondrosarcomas are staged like sarcomas.JJ

JJ Esthesioneuroblastoma is staged according to the Kadish System 
(A = confined to nasal cavity; B = extends to ³1 of the paranasal 
sinuses; C = extends beyond nasal cavity or paranasal sinuses; 
D = distant metastasis).

JJ Glomus tumors are staged according to the Glassock-Jackson 
classification or the McCabe-Fletcher classification based on 
anatomic location, extension, and tumor volume.

JJ Hemangiopericytomas are staged as localized or meta static.
JJ Nasopharyngeal angiofibromas are staged according to one of 
two systems: Chandler (I = confined to nasopharynx; II = 
extends to nasal cavity or sphenoid sinus; III = extends to 
antrum, ethmoid, pterygomaxillary and infratemporal fossa, 
orbit, and/or cheek; IV = intracranial extension) or Sessions  
(Ia = limited to nasopharynx and posterior nares; Ib = extends 
to paranasal sinuses; IIa/b/c = extends to other extracranial 
locations; III = intracranial extension).

JJ NK/T cell lymphomas are currently staged in the Ann Arbor 
lymphoma staging system.

TREATMENT RECOMMENDATIONS
Stage Recommended treatment Results

Chloroma Often respond to systemic JJ

therapy for AML
>80–90% LC

Definitive RT (1.5/30 Gy) JJ

with 2–3 cm margin

Chordoma and  
chondro sarcoma

Maximal safe resection. If JJ

gross total resection, post-op 
RT (50–54 Gy). If subtotal 
resection, post-op RT (60 Gy).

Chordoma: LC ~ 40%. 
DFS 10–20% (some 
long-term survivors)

For small tumors, may use JJ

SRS.
Protons beneficial, if available JJ

due to sharp dose gradient 
and ability to dose escalate

Chondrosarcoma:  
LC 50–100% (depends 
on extent resection 
and dose)

continued
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Esthesioneuro- 
blastoma

Surgery or RT alone (65–JJ

70 Gy) for small, low-grade 
tumors confined to ethmoids. 
Usually, combine surgery, with 
pre-op RT (50 Gy) or post-op 
RT (60 Gy), and chemo

LC: Stage A 70%, Stage  
B 50–65%, Stage C 
30–50%

Glomus tumor Pre-op embolization JJ → 
maximal safe resection 
→ post-op RT (50 Gy). 
Alternative SRS 12–14 Gy or 
EBRT (IMRT) 45–54 Gy

LC > 90%

Hemangioblas-
toma

Maximal safe resection. JJ

If GTR, observe. If STR/
unresectable, SRS or EBRT 
(50–60 Gy) with 1–2 cm 
margin

LC 60–90%

Hemangio peri-
cytoma

Pre-op embolization JJ → 
maximal safe resection 
+ post-op RT (60–65 Gy) 
with wide margins up to 
5 cm. SRS may be used 
(12–20 Gy). Need long-term 
follow-up due to DM

LC ~70–90%

Nasopharyn geal 
angiofibroma

If extracranial and resectable, JJ

surgery ± embolization. 
Residual disease may be 
observed, or treated with 
RT if symptoms develop. 
If intracranial, orbital, or 
pterygopalatine extension, 
treat with RT (30–50 Gy in 
2–3 Gy fractions)

RT LC ~80% but  
tumors regress slowly 
(up to 2 years)

NK/T cell 
lymphoma

Definitive RT (54 Gy) with JJ

2–3 cm margin and treat 
adjacent structures (e.g., 
paranasal sinuses for 
nasal) ±  doxorubicin-based 
chemotherapy

OS 50–60%

RADIATION TECHNIQUES

Depend on histology and location. Refer to primary literature JJ

for details.
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COMPLICATIONS
Depend on the location, and they are in common with other JJ

head and neck sites described in this Handbook.

FOLLOW-UP
Regular H&P, and follow-up imaging. Long-term follow-up JJ

may be needed due to late recurrences.

Acknowledgment We thank Dr. M. Kara Bucci for her contribution to 
this chapter in the first edition.
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Chapter 13

Management of the Neck and Unknown 
Primary of the Head and Neck

Tania Kaprealian and Sue S. Yom

LEVELS OF THE NECK (Fig. 13.1)

IA: submentalJJ

Bounded  anteriorly  by  mandible,  posteriorly  by  body  of JJ

hyoid bone, superiorly by inferior edge of mandible, inferi-
orly by midhyoid bone, laterally by medial edge of anterior 
belly of digastric

IB: submandibularJJ

Bounded  anteriorly  by  mandible,  posteriorly  by  posterior JJ

edge  of  the  submandibular  gland,  superiorly  by  superior 
edge of submandibular gland, inferiorly by midhyoid bone, 
laterally by inner side of mandible, and medially by lateral 
edge of anterior belly of digastric muscle

II: upper jugularJJ

Bounded superiorly by the inferior edge of lateral process of JJ

C1, inferiorly by inferior edge of hyoid,  laterally by medial 
edge of sternocleidomastoid muscle (SCM), and medially by 
medial edge of carotid and paraspinal muscles
IIA: bounded anteriorly by posterior edge of submandibular JJ

gland and anterior carotid; posteriorly by posterior border of 
internal jugular v
IIB: bounded anteriorly by posterior border of internal jugu-JJ

lar v and posteriorly by posterior border of SCM
III: midjugularJJ

Bounded superiorly by inferior edge of hyoid, inferiorly by infe-JJ

rior edge of cricoid, anteriorly by anterior edge of SCM, posteri-
orly by posterior edge of SCM, laterally by medial edge of SCM, 
and medially by medial edge of carotid and paraspinal muscles

IV: inferior jugularJJ

Bounded superiorly by inferior edge of cricoid, inferiorly at JJ

a plane 2 cm above the sternoclavicular joint, anteriorly by 
anteromedial edge of SCM, posteriorly by posterior edge of 
SCM,  laterally  by  medial  edge  of  SCM,  and  medially  by 
medial edge of carotid and paraspinal muscles
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Fig.  13.1  (A)  Neck  nodal  CTVs.  Consensus  guidelines  for  the  N0  neck. 
(Reprinted  by  permission  of Elsevier  from Gregoire  et  al.,  2003).  (B) Neck 
nodal CTVs. Consensus guidelines for the supraclavicular fossa. (Reprinted by 
permission  of  Elsevier  from  Gregoire  et  al.  2006).  (C)  Neck  nodal  CTVs. 
Consensus  guidelines  for  the  retropharyngeal  nodes  and  retrosyloid  space. 
(Reprinted by permission of Elsevier from Gregoire et al. 2006)
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Fig. 13.1  (continued)
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V: posterior triangle spinal accessory nodesJJ

Bounded superiorly by superior edge of hyoid, inferiorly by JJ

CT slice with transverse cervical vessels, anteriorly by poste-
rior edge of SCM, posteriorly by anterior border of trapezius, 
laterally  by  platysma  muscle  and  skin,  and  medially  by 
paraspinal muscles

VI:  anterior  neck  nodes,  including  paratracheal,  pretracheal, JJ

prelaryngeal (Delphian), and tracheoesophageal nodes
Bounded  superiorly  by  inferior  edge  of  thyroid  cartilage, JJ

inferiorly  by manubrium,  anteriorly  by  skin  and  platysma 
muscle, posteriorly between the trachea and esophagus, and 
laterally by the medial edge of the thyroid gland and antero-
medial SCM

RetropharyngealJJ

Bounded superiorly by the base of skull, inferiorly by supe-JJ

rior edge of hyoid bone, posteriorly by the prevertebral mus-
cles, medially by midline, and laterally by the medial edge of 
the internal carotid

Retrostyloid spaceJJ

Bounded superiorly by base of skull (jugular foramen), infe-JJ

riorly by inferior edge of lateral process of C1, anteriorly by 
parapharyngeal space, posteriorly by the vertebral body and 
base of skull, laterally by the parotid space, and medially by 
the medial edge of the internal carotid

Supraclavicular fossaJJ

Bounded  superiorly  by  the  plane  2  cm  above  the  sterno-JJ

clavicular joint (inferior level IV) and the CT slice with the 
transverse cervical vessels (inferior level V), inferiorly by the 
sternoclavicular  joint,  anteriorly  by  the  SCM  and  clavicle, 
posteriorly by the anterior edge of the posterior scalene mus-
cle, medially by the thyroid gland and trachea, and laterally 
by the lateral edge of the posterior scalene muscle

VII: upper mediastinalJJ

Other  groups = suboccipital,  peri-  and  intraparotid,  facial, JJ

 buccinator, and preauricular nodes
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NECK STAGING

Most subsites of  the head and neck use  the same AJCC neck JJ

staging system, including the lip, oral cavity, oropharynx, hypo-
pharynx, larynx, and major salivary glands.
Nasopharyngeal cancer has a different neck staging system.JJ

Please refer to these other chapters for details of neck staging.JJ

TREATMENT RECOMMENDATIONS FOR MANAGEMENT  
OF THE NECK

These are general; specific guidelines for primary site, histology, and JJ

stage should be followed

Clinically negative neck:JJ

If risk of occult metastasis existsJJ

Surgery for primary with elective neck dissectionJJ

(a)  If N0, follow

(b)  If N1 with no extracapsular extension (ECE), follow

(c)  If >pN1 and/or ECE, postoperative RT or chemo-RT

Alternatively, RT or chemo-RT for primary with elective neck RT; JJ

surgery for persistent disease

Clinically positive neck:JJ

N1JJ

Surgery  for  primary  with  selective  or  modified  radical  neck JJ

dissection

(a)  If pN0, follow

(b)  If pN1 with no ECE, follow

(c)  If >pN1 and/or ECE, postoperative RT or chemo-RT

Alternatively,  RT  or  chemo-RT  for  primary  and  involved  neck JJ

with elective neck RT; surgery and/or neck dissection for persis-
tent disease

>N1JJ

Surgery for primary with modified radical, radical, or extended JJ

radical neck dissection

(a)  If pN1 with no ECE, follow

(b)  If >pN1 and/or ECE, postoperative RT or chemo-RT

Alternatively, RT or chemo-RT for primary with comprehensive JJ

RT  for neck;  surgery  and/or neck dissection  for persistent dis-
ease and/or node >3 cm
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Neck control with RT:JJ

cN0: >90–95%JJ

N1: 85%JJ

N2A: 80%JJ

N2B: 70%JJ

N3: 35%JJ

STUDIES OF POSTRADIOTHERAPY NECK DISSECTION

Clayman et al.  (JJ 2001): nonrandomized controlled trial. Sixty-
six patients with stage ³N2a SCC of oropharynx treated with 
sequential platinum-based induction chemotherapy, radiation 
therapy followed by selective neck dissections 6–10 weeks post-
RT in patients with radiographic evidence of residual neck dis-
ease.  Twenty-four  of  sixty-six  (36%)  patients  had  complete 
response  in primary oropharyngeal  tumor and  regional neck 
lymphadenopathy,  both  clinically  and  radiographically. 
Significantly improved DSS and OS and nonsignificant lower 
rates of LRR  in patients with CR vs. patients with PR or no 
response. Ten of eighteen (56%) patients who underwent neck 
dissection  had  pathological  evidence  of  residual  tumor. 
Significantly improved OS in patients with no response or PR 
who underwent neck dissection vs. patients with no response 
or PR who did not undergo neck dissection.
Narayan et al.  (JJ 1999): 52 patients with ³1 node, ³3 cm (94% 
stage N2–3). Most common primary tumor was oropharyngeal 
carcinoma (56%). Sixty percent had T2 or T3 primaries and all 
patients were AJCC stage IV. Patients were treated with high-
dose RT (various fractionation schemes) followed by radical or 
modified  radical  neck dissection  after  confirmation of CR at 
primary site. Five-year actuarial overall neck control rate was 
83% and in-field control rate was 88%. Only 1/28 with patho-
logically  negative  neck  specimens  had  an  in-field  failure  vs. 
5/24 patients with pathologic evidence of residual disease. Five-
year actuarial DFS was 57% and OS was 38%. Seventeen per-
cent had significant postoperative complications. Conclusion: 
due to significant morbidity of routine neck dissection, recom-
mend  observation  in  patients  with  CR  to  high-dose  RT  ± 
chemotherapy.
Brizel (IJROBP 2004): 154 patients with LN+ head and neck can-JJ

cer  treated  with  concurrent   chemotherapy/ hyperfractionated 
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RT.  Modified  neck  dissection  performed  within  8  weeks  for 
43% of N1 and 66% of N2-3. For N1, NPV of a clinical CR after 
RT was 92%, PPV of less than clinical CR was 100%. For N2-3, 
NPV  was  74%,  PPV  was  44%.  Four-year  OS/DFS  for  N2-3 
patients with clinical CR was 77/75%, with neck dissection vs. 
50/53% without neck dissection.
Liauw et al. (JJ 2006): 550 patients with LN+ head and neck can-
cer treated with RT ± chemotherapy (24%). Three hundred and 
forty-one  of  these  patients  underwent  planned  post-RT  neck 
dissection. Thirty day post-RT CT in 211 was correlated with 
neck dissection pathology to determine criteria associated with 
a  low likelihood of having residual disease. Radiographic CR 
(rCR) defined as absence of large (>1.5 cm) or focally abnormal 
lymph node. NPV of  77%  for  clinical  exam CR and 94%  for 
rCR. There was no significant difference in the 5-year neck con-
trol rate (100%) and CSS (72%) in 32 rCR patients who did not 
undergo  neck  dissection  vs.  patients  with  negative  post-RT 
neck dissection.
Yao et al. (JJ 2007): 90 patients with ³ stage N2a head and neck 
SCC were treated with definitive IMRT (three clinical target 
volumes: 70–74, 60, 54 Gy). Thirteen patients with residual 
lymphadenopathy underwent post-RT neck dissection. Six of 
thirteen had residual tumor. Seventy-four of ninety patients 
were  observed  and  only  1  had  regional  failure.  Among  all 
patients, 3-year LC was 96.3% and LRC was 95.4%. PET was 
useful in selecting patients for neck dissection. Five of eighty 
with + PET scans had residual viable  tumor. Four patients 
with negative PET had negative pathological results. Sixty-
four  of  seventy-three  observed  patients  had  PET  scan  and 
only  1  had  +  uptake  and  FNA  revealed  reactive  changes. 
Post-IMRT PET prediction of pathologic status has sensitiv-
ity of 88.9%, specificity of 94.3%, PPV of 66.7%, and NPV of 
98.5%.
Van  der  Putten  et  al.  (JJ 2009):  61/540  patients  with  advanced 
head and neck cancer treated with concomitant chemoradia-
tion had suspicion of regional residual or recurrent disease and 
underwent 68 salvage neck dissections. Note: 68 patients also 
had suspicion, but were deemed unresectable. Forty-three per-
cent (26/61) had specimens with viable tumor. US guided FNA 
of suspicious lymph nodes had sensitivity of 80% and specific-
ity of 42%. Five-year regional control 79% and 5-year OS 36%. 
Significant  prognostic  factors  for  OS  were  surgical  margins 
and “residual vs. recurrent disease.”
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UNKNOWN PRIMARY  
OF THE HEAD AND NECK
PEARLS

Definition = metastatic carcinoma with no primary site evident JJ

after history, physical exam, and initial imaging.
Most  unknown  primary = adenocarcinoma  originating  below JJ

the  clavicles;  SCC  of  cervical  nodes  <10%  of  all  unknown 
primary.
Most  likely head and neck primary site: tonsil 45% > base of JJ

tongue 40% > pyriform sinus 10%.
Patients with upper neck lymphadenopathy have much better JJ

prognosis  than  those  with  low  cervical  or  supraclavicular 
lymphadenopathy.
Lymphadenopathy in low internal jugular chain or supraclavic-JJ

ular  fossa may be associated with primary  lesions below  the 
clavicles, with much worse prognosis, so workup should pro-
ceed accordingly.
PathologyJJ

Most are squamous cell carcinoma or poorly differentiated JJ

(undifferentiated) carcinoma.
Adenocarcinoma  in  the  neck  is  almost  always  associated JJ

with a primary lesion below the clavicles but must rule out 
salivary gland, thyroid, or parathyroid primary tumors.
Other = lymphoma, sarcoma.JJ

WORKUP

Specialist  examination,  CT  and/or  MRI,  and  panendoscopy JJ

identify primary site >50% of the time.
H&P  including nasopharyngolaryngoscopy with  examination JJ

of oral cavity, pharynx, and larynx.
Imaging:JJ

Chest roentgenogramJJ

CT and/or MRI of head and neckJJ

PET/CT useful in prebiopsy settingJJ

Chest CT for N stage JJ ³N2b, or low neck or bulky lymphade-
nopathy to evaluate for pulmonary metastases

Labs:JJ

CBCJJ

Chemistries including electrolytes, BUN/Cr, LFTsJJ
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EUA with  panendoscopy  and  biopsies  of  nasopharynx,  both JJ

tonsils, base of tongue, both pyriform sinuses, and any other 
suspicious areas seen during examination.

Identifies 40% of primaries (but only 25% if no CT or MRI)JJ

Ipsilateral or bilateral tonsillectomy may also be performed in JJ

those with adequate lymphoid tissue in tonsillar fossae.
Evaluate for EBV DNA via PCR in geographic regions where JJ

nasopharyngeal primary tumors are common
Detects 30% of primariesJJ

Bilateral  tonsillectomy identifies contralateral  tonsillar pri-JJ

mary in 10%; may make surveillance exam easier
If lymphoma is suspected: core needle or excisional biopsy of JJ

node preferred; staging per lymphoma guidelines.
Dental examination and cleaning; extractions done before any JJ

RT.

TREATMENT RECOMMENDATIONS

Typically irradiate nasopharynx, oropharynx, and both sides of neckJJ

Hypopharynx  and  larynx were  irradiated  historically;  eliminated JJ

more recently because they are rarely the primary site and includ-
ing these sites greatly increases morbidity of treatment

Consider hypopharyngeal and laryngeal irradiation for adenopathy JJ

centered in level III/IV

Oral cavity is not irradiated unless submandibular lymphadenopa-JJ

thy is present

If  submandibular  lymphadenopathy:  perform  neck  dissection JJ

and  observe,  or  irradiate  oral  cavity  and  oropharynx  but  not 
nasopharynx

If only 1 cN+JJ

Selective or modified radical neck dissection first (benefit = directs JJ

pathology and post-op RT dose is lower, but disadvantage is more 
surgical morbidity)

If  no  additional  lymphadenopathy  or  extracapsular  extension JJ

(ECE), may observe

If JJ ³2 LN or ECE: post-op RT or chemo-RT

If JJ ³2 cN+

Early N2 disease (N2A, early N2B): RTJJ

Advanced N2-N3: chemo-RTJJ

PET/CT 8 weeks after RT or chemo-RTJJ

Risk of residual disease JJ £5%: observe
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Risk  of  residual  disease  >5%  (nodes  >15  mm,  focal  lucency,  JJ

or enhancement or calcification  in  lymph node, ECE or nodal 
rupture): neck dissection

Alternative: Definitive RT or chemo-RT with follow-up PET/CT in 8–12 JJ

weeks with salvage surgery

Neck control ratesJJ

N1-N2a: 90–100%JJ

N2b-N2c: 80%JJ

N3: 50–60%JJ

Rate of DMJJ

N1-N2a: <10%JJ

N2b-N2c: 15%JJ

N3: 25%JJ

Five-year OS: 40–60% depending on the extent of diseaseJJ

Ten percent have emergence of a head and neck SCC primary after JJ

treatment

Most common location for mucosal site failure is oropharynx, 
particularly the base of the tongue

RADIATION TECHNIQUES

SIMULATION AND FIELD DESIGN

Patient set-up: supine, hyperextend head, wire neck scars, may JJ

need bolus, consider wiring oral commissures, shoulders pulled 
down with straps, immobilization with thermoplastic mask or 
bite block
VolumesJJ

Nasopharynx, oropharynx, bilateral retropharyngeal nodes and JJ

levels IB-IV, ipsilateral ± contralateral supraclavicular nodes
Include oral cavity only if submandibular adenopathy pres-JJ

ent, and may eliminate nasopharynx in that case
Conventional bordersJJ

Parallel-opposed lateral fields at 1.8–2 Gy/fractionJJ

Superior = covers nasopharynx and level Ib and V to base JJ

of tongue
Posterior = behind spinous processes to C2JJ

Anterior = 2  cm margin on nasopharynx and  the base of JJ

tongue;  shield  skin and subcutaneous  tissue of  submen-
tum as much as possible
Inferior = thyroid notchJJ
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Reduction of spinal cord at 42–45 Gy; supplement posterior JJ

neck with 9–12 MeV electron fields
Advanced  lymphadenopathy receives additional boost with JJ

anteroposterior or oblique beams to 66–70 Gy
Anterior supraclavicular fieldJJ

Five  to  ten  millimeter  wide  larynx  block  splits  thyroid JJ

cartilage and is tapered inferiorly to stop at cricoid
Cover  ipsilateral  ±  contralateral  supraclavicular  fossa JJ

(very low risk of recurrence)
IMRT: spare contralateral parotid gland in patients with ipsilat-JJ

eral neck lymphadenopathy; low neck may be treated with a sep-
arate anterior field using isocentric match to upper IMRT fields

DOSE PRESCRIPTIONS

Definitive = 42–45 Gy followed by off-cord boost to 70 Gy, or if JJ

using concomitant boost, 72 Gy
UCSF IMRT dosesJJ

GTV 2.12/69.96 Gy, high-risk CTV 2/66 Gy, intermediate-risk JJ

CTV 1.8/59.4 Gy, low-risk CTV 1.64/54 Gy
PostoperativeJJ

With no adverse features = 50–54 Gy to primary and bilateral JJ

necks
Otherwise  60–66  Gy  (e.g.,  for  perineural  invasion,  ECE, JJ

close/+ margin)

DOSE LIMITATIONS

IMRT limitsJJ

Mandible  <70  Gy,  spinal  cord  <45  Gy,  brainstem  <54  Gy, JJ

mean parotid dose <26 Gy, optic nerves and chiasm 54 Gy, 
retina 45 Gy

COMPLICATIONS
SurgicalJJ

Operative mortality 2–3%JJ

Morbidity = infection, hematoma/seroma, lymphedema, wound JJ

dehiscence,  chyle  fistula,  pharyngocutaneous  fistula,  cranial 
nerve VII, X, XI, XII injury, carotid exposure, or rupture
Incidence of complications is greater with RT doses >60 GyJJ

Radiation therapyJJ

Acute and chronic mucositis, xerostomiaJJ

Skin reactionJJ

Subcutaneous fibrosisJJ
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Lymphedema of larynx and submentumJJ

Mandibular necrosis uncommon, carotid artery rupture <1%JJ

Amifostine may reduce acute ± late xerostomia, but associated JJ

with nausea, vomiting and hypotension (Peters IJROBP 1992 
and Brizel et al., 2000)

FOLLOW-UP
Every 1–2 months first year, every 3 month for years 2–3, every JJ

6 months for years 4–5, then every year.
If  recurrence  suspected  but  biopsy  negative,  follow-up  every  JJ

1 month until resolved.
Eighty-five to ninety percent of LRR occur within 3 years.JJ
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Chapter 14

Small Cell Lung Cancer

R. Scott Bermudez, Brian Missett, and Daphne A. Haas-Kogan

PEARLS

SCLC accounts for 15–20% of lung cancer cases with  decreasing JJ

incidence.
Approximately 1/3 of patients present with limited stage dis-JJ

ease and the remainder present with extensive stage disease.
More than 95% of cases are associated with a history of tobacco JJ

exposure.
Ten to 15% of patients present with brain metastases and  JJ

2 year incidence after chemo-RT is 50–80%.
SCLC is the most common solid tumor associated with para-JJ

neoplastic syndromes: SIADH, ACTH production syndrome, 
and Eaton–Lambert syndrome.
Histopathologic hallmarks include dense sheets of small, round JJ

to fusiform cells with scant cytoplasm, extensive necrosis, and 
a high mitotic rate.
Pathologic subtypes (pure or classic, variant, and mixed) carry JJ

the same prognosis.
Most important prognostic factors are stage and performance JJ

status.

WORKUP

H&P.JJ

Labs: CBC, chemistries, BUN/Cr, LFTs, LDH. Consider bone JJ

marrow aspirate/biopsy if LDH elevated.
Diagnosis: sputum, FNA, bronchoscopic biopsy, or CT-guided JJ

biopsy. No need for invasive mediastinal staging after SCLC 
diagnosis made due to limited role of surgical resection.
Imaging: CT chest and abdomen, bone scan, and MRI brain JJ

(preferred over CT brain). PET optional.
Additional: PFTs, pathology review, smoking cessation inter-JJ

vention.
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STAGING

See Chap. 15 for details of the AJCC 7th Ed Staging for Lung JJ

Cancer.
In practice, SCLC has been divided into limited stage and JJ

extensive stage disease.

Limited stage (LS): disease confined to one hemithorax and regional 
nodes (historically defined as fitting into a single radiation port)
Extensive stage (ES): any disease not meeting limited stage criteria

TREATMENT RECOMMENDATIONS
Stage Recommended treatment Outcome
Limited Concurrent cisplatin and etoposide (4c 

every 3 weeks) with early RT during cycle 
1 or 2 (45 Gy/1.5 Gy b.i.d. preferred). If CR 
or near-CR, prophylactic cranial RT (25 Gy 
in 10 fx)
For <5% of patients with cT1-2N0 disease 
with negative mediastinoscopy (or endoscopic 
biopsy), lobectomy and mediastinal node 
dissection/sampling may be performed 
initially. If pN0, chemotherapy along. If pN+, 
concurrent chemoradiation as above

MS 20 months, 
5-year OS 20– 
26%

Extensive Combination platinum-based chemotherapy 
± palliative RT to symptomatic sites. For 
patients with PR or CR to chemotherapy, 
consider prophylactic cranial RT (25 Gy in 
10 fx). If brain metastases present, WBRT 
(30–37.5 Gy in 10–15 fx)

MS 12 
months, 5-year 
OS <5–10%

STUDIES

LIMITED STAGE (LS-SCLC)
Pignon et al. (JJ 1992): metaanalysis of 13 trials and 2,140 patients 
with LS-SCLC treated with chemo ± thoracic RT. Thoracic RT 
improved 3-year OS by 5.4% vs. chemo alone (14.3 vs. 8.9%).
Metaanalyses of randomized controlled trials performed on JJ

LS-SCLC patients receiving chemo and early vs. late timing of 
thoracic RT demonstrate improved survival for early concur-
rent integration of RT with platinum-based chemo (Fried et al. 
2004; De Ruysscher et al. 2006).

JJ INT 0096 (Turrisi et al. 1999): 417 patients with LS-SCLC random-
ized to concurrent cisplatin/etoposide with either 45 Gy/1.8 Gy 
QD or 45 Gy/1.5 Gy b.i.d. Twice daily arm decreased local failure 
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(36 vs. 52%) and increased 5-year OS (26 vs. 16%) compared to 
QD arm. Grade 3 esophagitis more frequent with b.i.d. regimen 
(27 vs. 11%).

JJ RTOG 0239 (Komaki et al. 2009): phase II trial using accelerated 
high-dose thoracic RT (AHTRT) with concurrent etoposide/cis-
platin. RT was given to large field to 28.8 Gy /1.8 Gy QD, then 
14.4 Gy/1.8 Gy b.i.d. (1.8 Gy AP/PA in am; 1.8 Gy boost in pm). 
Total RT dose 61.2 Gy in 5 weeks. Two-year OS 37%, 2-year LC 
80%, and 18% acute severe esophagitis, improved compared to 
INT 0096. One of three arms in ongoing randomized trial of 
LS-SCLC RTOG0538/CALGB30610.
Auperin et al. (JJ 1999): metaanalysis of seven trials of SCLC 
patients in CR comparing prophylactic cranial irradiation (PCI) 
vs. no PCI. PCI reduced the 3-year incidence of brain metasta-
ses (59 vs.33%) and increased 3-year OS (15.3 vs. 20.7). Neuro-
cognitive function not assessed.
Le Pechoux et al. (JJ 2003): 720 LS-SCLC patients in CR to chemo-
RT randomized to standard dose (25 Gy/2.5 Gy QD) vs. higher 
dose (36 Gy/2 Gy QD or 36 Gy/1.5 Gy b.i.d.) PCI. No significant 
difference in 2-year incidence of brains metastases. Reduced 
2-year OS in higher dose group (37 vs. 42%) probably due to 
increased cancer-related mortality.

ExTENSIvE STAGE (ES-SCLC)
Jeremic et al. (JJ 1999): 210 ES-SCLC patients treated with three 
cycles cisplatin/etoposide with local PR or CR and distant CR 
randomized to accelerated hyperfractionated RT (54 Gy/1.5 Gy 
b.i.d.) and chemo vs. four cycles chemo alone. Patients receiv-
ing chemo-RT had improved 5-year OS (9.1 vs. 3.7%) and MS 
(17 vs. 11 months) vs. those treated with chemo alone.

JJ EORTC (Slotman et al. 2007): 286 patients with ES-SCLC with 
response to chemotherapy randomized to PCI vs. no further 
treatment. PCI reduced 1-year incidence of symptomatic brain 
mets (14.6 vs. 40.4%) and improved OS (27.1 vs. 13.3%) com-
pared to the control group.

RADIATION TECHNIQUES

SIMULATION AND fIELD DESIGN
High-dose volume to GTV + 1.5 cm margin. Include ipsilateral JJ

hilum, and bilateral mediastinum from thoracic inlet to 
 subcarinal region (5 cm below carina or adequate margin on 
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subcarinal disease). Exclude contralateral hilum or SCV unless 
involved.
If RT is preceded by chemotherapy, target volumes should be JJ

defined on the RT planning CT scan. However, the prechemo-
therapy originally involved lymph node regions should be 
included.

DOSE PRESCRIPTIONS
45 Gy in 1.5 b.i.d. fx (preferred) or 50–70 Gy at 1.8–2.0 Gy QD JJ

(Miller et al. 2003; Roof et al. 2003; Schild et al. 2004)
PCI: 25 Gy in 10 fxJJ

Brain metastases: 30–37.5 Gy in 10–15 fxJJ

DOSE LIMITATIONS
Spinal cord: limit maximum dose to JJ £36 Gy with 1.5 Gy b.i.d. 
RT or £46 Gy at 1.8–2 Gy/fx QD.
Lung: limit volume receiving JJ ³20 Gy (V20) to <20–30%. 
Pneumonitis rates increase rapidly with V20 >25–30%.
Esophagus: limit 1/3 to 60 Gy, entire esophagus to 55 Gy.JJ

Heart: limit 50% of volume of heart to <25–40 Gy.JJ

Brachial plexus: limit maximum dose to <60 Gy.JJ

COMPLICATIONS

Acute: esophagitis, dermatitis, cough, fatigue.JJ

Subacute/late: radiation pneumonitis, pulmonary fibrosis, esoph-JJ

ageal stricture or perforation, pericarditis, coronary artery dis-
ease, Lhermitte’s syndrome, brachial plexopathy, rib fracture.

fOLLOW-UP

Clinic visits every 2–3 months initially (H&P, chest imaging, JJ

and blood work at each visit), then decrease frequency to every 
3–6 months, then annually.
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Chapter 15

Non-small Cell Lung Cancer

Siavash Jabbari, Eric K. Hansen, and Daphne A. Haas-Kogan

PEARLS

Most common noncutaneous cancer in the world.JJ

Second most common cancer in the US, behind prostate in JJ

men and breast in women.
No. 1 cause of cancer death in the US and worldwide.JJ

>90% of cases are associated with smoking or involuntary JJ

smoking.
Second most common cause in the US is radon.JJ

Asbestos exposure is associated with 3–4% of cases.JJ

Risk of tobacco-induced second primary is ~2–3% per year.JJ

The surgical lymph node levels 1–9 correspond to N2 nodes, JJ

and levels 10–14 correspond to N1 nodes.
1 = high mediastinal, 2 = upper paratracheal, 3 = pre and ret-JJ

rotracheal, 4 = lower paratracheal, 5 = AP window, 6 = paraaortic, 
7 = subcarinal, 8 = paraesophageal below carina, 9 = pulmonary 
ligament, 10 = hilar, 11 = interlobar, 12 = lobar, 13 = segmental, 
and 14 = subsegmental.

Adenocarcinoma comprises 40–50% of cases. It tends to be JJ

peripherally located; it has a high propensity to metastasize 
(frequently to the brain).
TTF-1 helps to distinguish primary lung (and thyroid) adeno-JJ

carcinoma from metastatic adenocarcinoma.
Bronchioalveolar carcinoma is a subtype of adenocarcinoma JJ

that is not associated with smoking, but is associated with prior 
lung disease. Can present as solitary nodule, multifocal disease, 
or pneumonitic form. Spreads along alveoli without invasion 
of basement membrane. May be sensitive to EGFR tyrosine 
kinase inhibitors (gefitinib, erlotinib).
Squamous cell carcinoma tends to be centrally located with JJ

lower propensity for brain metastasis.
Large cell carcinoma tends to be peripherally located. It has a JJ

high propensity to metastasize, especially to brain.
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EGFR is overexpressed in 60–70% of NSCLC, mainly SqCC JJ

(80–90%) vs. adenocarcinoma (30–35%).
Pancoast tumor = apical tumor + either chest wall (rib) invasion JJ

or Pancoast syndrome (shoulder pain or brachial plexus palsy, 
±Horner’s syndrome (ptosis, meiosis, and ipsilateral anhidrosis))
Carcinoid tumors are rare, and they tend to be endobronchial. JJ

Most common site is in the GI tract, but 25% occur in the lung. 
Seventy to ninety percent are typical carcinoids, which rarely 
metastasize and are not associated with smoking. Ten to thirty 
percent are atypical carcinoids, which more frequently metas-
tasize and are associated with smoking, and have poorer prog-
nosis. Only 10–15% of patients with carcinoid tumors present 
with carcinoid syndrome (flushing, diarrhea, and wheezing), 
but up to two-third may eventually develop these symptoms.
Presentation: stage I 10%, II 20%, III 30%, IV 40%.JJ

Prognostic factors: stage, weight loss (>10% body weight over JJ

6 months), KPS, pleural effusion, Kras ongogene activation.
RTOG RPA analysis (Werner-Wasik et al. 2000): Prognostic JJ

factors include KPS <90, use of chemo, age >70 years, pleu-
ral effusion, and N stage. Worst survival in patients with 
malignant pleural effusion (5 months).

WORKUP

H&P, including performance status, weight loss, and smoking JJ

status.
Cough, dyspnea, hemoptysis, postobstructive pnuemonia, JJ

pleural effusion, pain, hoarseness (left recurrent laryngeal 
nerve), SVC syndrome, clubbing, superior sulcus (Pancoast) 
tumor triad = shoulder pain, brachial plexus palsy, and 
Horner’s syndrome.

Laboratories: CBC, BUN, Cr, LFTs, alkaline phosphatase, and JJ

LDH.
Imaging.JJ

CT chest and abdomen (to rule out adrenal or liver meta-JJ

stasis).
Mediastinal LN sensitivity ~60%, specificity ~80% (Gould JJ

et al. 2003).
Approximately 10–20% false negative rate for CT depend-JJ

ing on T stage and size.
PET scan.JJ

+PET scan should have pathologic confirmation because JJ

up to 20% false + rate due to inflammation.
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Mediastinal LN sensitivity 85%, specificity 90%.JJ

Addition of PET-CT decreased the total number of JJ

 thoracotomies and futile thoracotomies in a randomized 
controlled trial of conventional staging (including CT and 
mediastinoscopy) ± whole-body PET–CT (Fischer et al. 
2009).

MRI of brain for LN + nonsquamous and all stage III–IV, or JJ

for neurologic symptoms.
MRI of the thoracic inlet for superior sulcus tumors to assess JJ

vertebral body and/or brachial plexus invasion.
Octreotide scan for carcinoid tumor.JJ

Pathology: thoracentesis for pleural effusions. For central JJ

lesions, perform bronchoscopy because sputum cytology has 
only ~65–80% sensitivity. For peripheral lesions, perform 
CT-guided biopsy.
Mediastinoscopy or bronchoscopic biopsy should be performed JJ

to confirm any CT + or PET + nodes, and for all superior sulcus 
tumors. If T3 or central T1–2, perform mediastinoscopy to 
evaluate superior mediastinal nodes (95% accurate).

Cervical mediastinoscopy assesses nodal levels 1–4R.JJ

Anterior (Chamberlain) mediastinoscopy assesses levels 4 L JJ

(left lower paratracheal), 5, 6, and 7.
Pulmonary function testing for presurgical and/or preradio-JJ

therapy evaluation.
Desire FEV1 JJ ³1.2–2 L (if pneumonectomy >2.5 L, if lobec-
tomy >1.2 L) or >75% predicted or predicted post-op FEV1 
>0.8 L; also DLCO >60%.
Medically inoperable is generally FEV1 <40% or <1.2 L, JJ

DLCO <60%, FVC <70%.
Paraneoplastic syndromes.JJ

Hypercalcemia (SqCC).JJ

Hypertrophic pulmonary osteoarthropathy (adenocarcinoma).JJ

Hypercoagulable (adenocarcinoma).JJ

Gynecomastia (large cell).JJ

Carcinoid = VIP diarrhea.JJ
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IV

SURvIvAL EStIMAtES WIth NEW StAGING SyStEM*

~5-year survival

IA:  50–70%
IB:  40–60%
IIA:  55%
IIB:  40%
IIIA:  20–25%
IIIB:  7–9%
IV:  2–13%
Superior sulcus: 3 year 50%

~Median survival

IA:  5–10 years
IB:  3–7 years
IIA:  3–4 years
IIB:  1.5–3 years
IIIA:  14–23 months
IIIB:  10–16 months
IV:  6–18 months (best supportive care 3–6 

months; 8–10 months with chemo)

*Range represents clinical vs. pathologic staging

tREAtMENt RECOMMENdAtIONS

2002 Stage Recommended treatment Outcome

Operable  
I–II

Lobectomy (~2–3% mortality) pre-JJ

 ferred over pneumonectomy (~5–7% 
mortality) if anatomically feasible.
Wedge resection only if physiolo-JJ

gically compromised. LN sampling 
or resection generally indicated b/c 
~15% of cT1–2N0 found to have +LN
For completely resected T1–2N1, JJ

give adjuvant chemo (NCIC BR.10).
Consider adjuvant chemo for T2N0, JJ

especially if >4 cm (CALGB)
For completely resected T3N0, give JJ

adjuvant chemo (IALT)
For close/+margin, re-resect or JJ

consider post-op RT

LRF: lobectomy 6%, 
wedge 18%
5-years OS and CSS 
stage I: 50–70%

I–II 
marginally 
operable

Pre-op chemo JJ → surgery → chemo 
(van Meerbeeck et al. 2005 (EORTC 
meta analysis)). Chemo = cisplatin 
combi nation or carboplatin-pacli-
taxel
For close/+margin, re-resect or JJ

consider post-op RT

5-year OS N1: 
~50%

I–II 
inoperable

Definitive RT to primary and JJ

involved nodes
Conventional fractionation is 2 Gy/JJ

fraction to ~66 Gy (Dosoretz et al. 
1996; Sibley, 1998)
If peripheral tumor or poor PS, may JJ

hypofractionate with 4 Gy/fraction to 
48 Gy to primary tumor only (Slotman 
et al. 1996, Cheung et al. 2002)

Std RT 5-year OS
T1N0: 30–50%
T2N0: 15–20%
Hypofx: 2–3-year 
OS 40–50%
SBRT: 2–3-year LC 
85–95%, OS 55%

continued
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However, dose escalation >70 Gy JJ

and SBRT techniques (~60 Gy/3 fx) 
appear in phase I/II trials to provide 
improved LC compared to conven-
tional techniques and doses
If patient can tolerate it, give JJ

chemo (induction, concurrent, and/
or consolidation) if T3N0 or N1. 
Off trial, chemotherapy should be 
avoided concurrently with dose-
escalated RT or SBRT until further 
data are available

IIIA 
operable 
or 
marginally 
operable

Concurrent chemo-RT (45 Gy) JJ → 
restage* → if no progression → surgery 
→ chemo (Int 0139) (especially if 
initially bulky or multiple N2 nodes)
Alternatively, chemo alone JJ → restage* 
→ if no progression → surgery → 
chemo and post-op RT for close 
(<5 mm) or + margin, nodal ECE, 
or N2 disease (Depierre et al. 2002; 
Roth et al. 1994; Rosell et al. 1994; 
Crowley et al. 2005; (van Meerbeeck 
et al. 2005 (EORTC metaanalysis))
*If unresectable after restaging JJ →  
complete definitive concurrent 
chemo-RT (63 Gy)

5-year OS 
20–25%, MS 
16–17 months
Induction 
chemo-RT pCR 
rate 15–20%
Post-op RT 
possible 5–10% 
OS benefit for 
N2 (LCSG, MRC, 
SEER, and 
ANITA)

IIIA 
inoperable

Concurrent chemo-RT (63 Gy) JJ → 
adjuvant chemo (LAMP, RTOG 9410; 
French and Japanese) (preferred)
If unacceptable risk of pneumonitis JJ

with upfront RT, consider induction 
chemo for down-staging → concurrent 
chemo-RT (to postchemo volume) if 
no progression (CALGB 39801)

~5-year OS and 
MSConcurrent 
chemo-RT: 
20–25%, 16–17 
months
Sequential 
chemo-RT: 20%, 
13–15 months
RT alone: <10%, 
10–12 months

IIIB  
(no pleural 
effusion)

Concurrent chemo-RT (61–63 Gy) JJ

(LAMP, RTOG 9410) (preferred)
If unacceptable risk of pneumonitis JJ

with upfront RT, consider induction 
chemo for down-staging → con-
current chemo-RT (to postchemo 
volume) if no progression (CALGB 
39801)

continued
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IV

If T4N0-1, may treat with surgery JJ → 
chemo ± RT (if residual or + margins), 
or chemo ± RT → surgery → chemo

Typical 
chemo

Postsurgery
Cisplatin 100 mg/mJJ

2 d1 and 
etoposide 100 mg/m2 d1–3 every 4 
weeks × 4 cycles
Other cisplatin combinations with JJ

vinorelbine, vinblastine, gemcit abine, 
and docetaxel may be considered
Alternative if not able to tolerate JJ

cispl atin: carboplatin, Paclitaxel 
every 3 weeks for 4 cycles

Concurrent with RT
Cisplatin 50 mg/mJJ

2 d1, 8, 29, and 
36 and etoposide 50 mg/m2 d1–5 
and 29–33
Alternatives: cisplatin week 1 and 4, JJ

vinblastine weekly; or, carboplatin 
and paclitaxel weekly

Sequential chemo → RT
Cisplatin 100 mg/mJJ

2 d1, 29 and 
vinblastine 5 mg/m2 weekly × 5 weeks
Alternative: carboplatin and pacli-JJ

taxel every 3 weeks × 2 cycles
Consolidation chemo after chemo-RT

Carboplatin and paclitaxel every 3 JJ

weeks × 2 cycles

IIIB 
(pleural 
effusion)

Local treatment as necessary (e.g., JJ

pleurodesis) and treat as stage IV

IV ECOG PS 0–2: platinum-based JJ

chemo ± bevacizumab ± palliative 
RT. First-line chemo uses 2 agents 
with response assessment after 
each cycle, for up to 4–6 cycles or 
until progression.
ECOG PS 3–4: best supportive careJJ

Superior 
sulcus

If operable, concurrent chemo-RT JJ

(45 Gy) → surgery → chemo 
(preferred). Or, surgery → post-op 
chemo + RT (60–66 Gy) for close 
or + margins, nodal ECE
If marginally resectable, concurrent JJ

chemo-RT (45 Gy) → restage → if no

50% pCR or mini-
mal microscopic 
resi dual disease 
after initial chemo- 
RT

continued
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progression → surgery → chemo 
(INT 0160)
If unresectable (initially or after JJ

restag ing), complete definitive 
concurrent chemo-RT (63–66 Gy)

5-year OS 45%. 
Most common site 
failure in brain 
(40%)

Pulmonary 
carcinoid

For stage I–III, surgery preferred JJ

(lobectomy or other anatomic re - 
section with mediastinal LN dis-
section or sampling). Adjuvant RT 
considered for atypical histology, 
involved LN, +margin, subtotal 
re -section. No definite role for 
chemo since response rate is only 
20–30% (mainly with doxoru bicin), 
but many institutions consider 
cisplatin/etoposide with RT.
For stage III, if surgery is not JJ

feasible, definitive RT (typical) or 
chemo-RT (atypical) is used
For stage IV, systemic therapy JJ

is used. Octreotide considered if 
octreotide scan positive or symptoms 
of carcinoid syndrome. Palliative RT 
may be used as well

5-year OS:
Resected typical 
carcinoid >70–90%
Resected atypical 
carcinoid: 25–70%
Metastatic 
carcinoid: 20–40%

StUdIES

SCREENING
IELCAP (NEJM 2006): 31,567 asymptomatic persons at risk for JJ

lung CA screened with low-dose CT. Screening diagnosed 484 
patients, 85% of which had stage I disease with 88–92% sur-
vival rate.
Bach et al. (2007): 3,246 current or former smokers screened in JJ

one of three single-arm annual CT scan screening programs. 
CT screening increased the rate of lung CA diagnosis by 3× and 
surgery by 10×, but there was no decline in the number of 
advanced cases diagnosed nor in deaths from lung CA (observed 
vs. predicted). Criticized because of short (3 years) follow-up 
which may lead to bias because more years may be needed to 
confirm that death is prevented.
National Lung Screening Trial (closed): 50,000 current or for-JJ

mer smokers randomized to annual CXR vs. CT × 3 years to 
determine reduction in lung cancer mortality.
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SURGERy
For T1–2N0, surgery has JJ ³80% LC and 50–70% CSS. Twenty-five 
to thirty-five percent pathologic upstaging from clinical stage.
Video-assisted thoracoscopic surgery (VATS) + lymphadenec-JJ

tomy may have equivalent oncologic results as open thoraco-
tomy in properly selected cases.
LCSG 821 (Ginsberg and Rubinstein JJ 1995): 247 patients with 
peripheral T1N0 randomized to lobectomy vs. wedge resection 
with a 2 cm margin of normal lung. Wedge resection tripled 
LRF (6 → 18%).

Rt ALONE
Standard fractionation

SEER (Chest 2005): 4,300 patients with unresected stage I–II JJ

NSCLC. RT improved MS vs. no RT (stage I 14 → 21 months, 
stage II 9 → 14 months), but not 5-year lung CA specific sur-
vival (stage I 15%, stage II 10%).
Dosoretz et al. (JJ 1996): review of T1–3N0 medically inoperable 
patients treated with RT alone. RT >64 Gy improved PFS and 
increasing field size did not improve outcomes.
Sibley (JJ 1998): review of ten studies of medically inoperable 
T1–2N0 patients treated with RT alone 60–66 Gy. Five-year OS 
was ~15%. Approximately 50% of failures were local only vs. 
~5% regional-only failure. Approximately 30% of patients died 
of DM, ~30% of patients died after LF, and ~25% died of inter-
current disease.
RTOG 73–01 (Perez et al. JJ 1980): 375 patients with IIIA/IIIB 
treated with RT alone randomized to 2/40 Gy vs. 2/50 Gy vs. 
2/60 Gy vs. 4/40 Gy (split-course). Clinical LC was improved 
with dose escalation. However, 75–80% of patients developed 
DM in all arms and 2-year OS was only 14–18% in continuous 
RT arms.

dose escalation
RTOG 93-11 (Bradley et al. JJ 2005): 179 patients with medically 
inoperable or unresectable I–III disease stratified into RT dose 
escalation levels of 70.9, 77.4, 83.8, or 90.3 Gy at 2.15 Gy/fx 
depending on V20. Concurrent chemo not allowed. Twenty-five 
patients received neoadjuvant chemo. The PTV included the 
GTV (primary and involved LN) +1 cm margin. RT was gener-
ally well tolerated except in 90.3 Gy group (with two dose-
related deaths). LRC ranged from 50 to 78%.
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SBRt and hypofractionation
Indiana (Fakiris et al. 2009; Timmerman et al. 2006): 70 patients JJ

with T1–3N0 (£7 cm) treated with 60–66 Gy in 3 fx over 1–2 
weeks. Three-year LC 88%, CSS 82%, OS 43%, regional failure 
9%, and distant failure 13%. Patients with central tumors had 
increased risk of grade 3–5 toxicity (27 vs. 10%).
Onishi et al. (2004): 245 patients with T1–2N0 treated with JJ

18–75 Gy in 1–22 fx. LF was 8% for BED ³100 Gy vs. 26% for 
BED <100 Gy. Three-year OS was 88% for BED ³100 Gy vs. 
69% for BED <100 Gy.
Slotman et al. (JJ 1996): review of 31 patients with T1–2N0 treated 
with 4 Gy/fraction to the tumor +1.5 cm margin to 40 Gy → 
conedown to tumor +0.5 cm margin to 48 Gy. Three-year OS 
40%, DFS 76%. Only 6% regional failure.
Cheung et al. (2002): 33 patients with T1–2N0 treated with JJ

4 Gy × 12. Two-year OS 46%, CSS 54%, RFS 40%.
RTOG 0236 (ASTRO 2009 abstract): patients with T1–3N0 JJ

(£5 cm) medically inoperable tumors >2 cm from proximal bron-
chial tree treated with SBRT 20 Gy × 3 over 1.5–2 weeks, (54 Gy 
with proper heterogeneity correction). GTV = CTV. PTV = 0.5 cm 
axial margin and 1 cm superior/inferior margin, Two yr LC 94%, 
15% DM, DFS 67%, OS 72%.

INdUCtION ChEMO vS. SURGERy ALONE
Study Patients R a n d o m -

ization
Outcome Comment

(van 
Meerbeeck 
et al. 2005 
(EORTC 
metaanaly-
sis))/MRC 
LU22 
(Gilligan 
et al. 2007)

519 
patients
Stage cI 
(61%), 
cII 
(31%), 
and cIII 
(7%)

3c platinum-
based chemo 
over ~9 weeks 
→ surgery vs. 
surgery alone
Most common 
chemo 
regimen was 
cisplatin 
vinorelbine

No benefit for 
2-year PFS 
(52–53%) or 
5-year OS (44–
45%)
Updating of 
meta analysis: 
chemo 
improved 5year 
OS by 5%

Underpowered 
study given 
large number 
of cT1 patients 
(few events). 
Combined data 
for metaanaly-
sis

S9900 
(Pisters 
et al.  
ASCO 2005 
and 2007)

335 
patients
Stage 
cT2N0, 
T1–2N1, 
and 
T3N0–1

Carboplatin–
paclitaxel × 3c 
→ surgery vs. 
surgery alone

Trend in favor 
of induction 
chemo: 5-year 
PFS (32 vs. 
41%, p = 0.10) 
and OS (42 vs. 
48%, p = 0.24)

pCR to chemo 
was 10%

continued
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Depierre 
et al. 
(2002)

355 
patients
Resec-
table 
stage 
cIB–IIIA

Pre-op 
chemo × 3c 
→ surgery → 
chemo × 2c 
vs. no pre-op 
chemo
Chemo was 
mito mycin C, 
ifosfamide, 
cisplatin
Patients with 
pT3 or pN2 
received 
60 Gy RT

Pre-op chemo 
increased 
DFS (13 → 
27 months, 
p = 0.03)

On subset anal-
ysis, benefit 
only for N0–1 
patients and 
not for N2 
patients

Rosell et al. 
(1994)

60 
patients
Stage 
cIIIA

Pre-op 
chemo × 3c 
→ surgery 
→ 50 Gy to 
mediastinum 
vs. no pre-op 
chemo
Pre-op chemo 
was MMC, 
i fos famide , 
cisplatin

Induction 
chemo 
improved MS 
(8 months → 
26 months) 
and 2-year OS 
(0 → 30%)

Roth et al. 
(1994)

60 
patients
Stage 
cIIIA

Pre-op 
chemo × 3c 
→ surgery → 
chemo × 3c vs. 
surgery alone
Chemo was 
cytoxan, 
etoposide, 
cisplatin
RT given for 
unresectable 
or residual 
disease

Chemo 
improved 
MS (11 → 64 
months) and 
3-year OS (15 
→ 56%)

NATCH 
(Felip et al. 
2009)

618 
patients
Stage cI 
(>2 cm), 
II, and 
T3N1

Surgery 
alone; 
induction 
carboplatin/
paclitaxel × 3c 
→ surgery;

No difference 
in 5-year DFS 
(39–40.5%)  
in preliminary 
analysis  
with median

continued
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or surgery 
→ adjuvant 
carboplatin/
paclitaxel × 3c

follow-up of 43 
months, but 
more patients 
in induction 
arm received 
planned 
chemotherapy

INdUCtION ChEMO fOLLOWEd By SURGERy vS. dEfINItIvE Rt
EORTC 08941 (JNCI 2007): 579 patients with initially unresect-JJ

able pIIIA(N2) disease treated with induction cisplatin-based 
chemo. Three hundred and thirty-two patients (61%) with a 
response randomized to surgery or definitive RT. Post-op RT 
(2/56 Gy) given to 40% of patients with an incomplete resec-
tion. pCR was 5%, and 47% had pneumonectomy. Four percent 
surgical mortality. Definitive RT was to tumor and involved 
mediastinum to 60–62 Gy with 46 Gy to uninvolved mediasti-
num. One RT patient died of RT pneumonitis. No difference in 
MS (16–18 months) or PFS (9–11 months). Fewer local/regional 
failures (32 vs. 55%), but more distant metastases (61 vs. 39%) 
with surgery. patients with pneumonectomy, incomplete resec-
tion or persistent pN2 disease did worse.

INdUCtION ChEMO fOLLOWEd By ChEMO-Rt ANd SURGERy 
vS. SURGERy ANd POSt-OP Rt

German trial (Thomas et al. 2008): 524 patients with IIIA/IIIB JJ

treated with neoadjuvant cisplatin/etoposide × 3c, then ran-
domized to pre-op hyperfractionated chemo-RT vs. immediate 
surgery → post-op RT. Pre-op chemo-RT was 1.5 b.i.d./45 Gy 
with carboplatin/vindesin × 3c → surgery if possible → RT boost 
(1.5 b.i.d./24 Gy) if inoperable or R1/R2 resection. Post-op RT 
was 1.8/54 Gy or 1.8/68.4 Gy if inoperable or R1/R2 resection. 
There was no difference in 5-year OS or PFS (16 vs. 14%). 
Pre-op hyperfractionated RT increased complete resection 
rates (37 vs. 32%), and in those with complete resection, 
increased mediastinal down-staging (46 vs. 29%).

INdUCtION ChEMO-Rt vS. dEfINItIvE ChEMO-Rt
Intergroup/RTOG 0139 (Lancet 2009; ASCO 2005 abstr.): 396 JJ

patients with T1–3pN2M0 treated with concurrent chemo ×  
2c + 45 Gy → restaging → randomized to (surgery (if no progres-
sion) → chemo × 2c] vs. [concurrent chemo-RT to 61 Gy (no 
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 surgery)) → chemo × 2c. Chemo was cisplatinum and etoposide. 
Eighteen percent of patients in surgery arm had pCR to induction 
chemo. Surgery improved 5-year PFS (11 → 22%) and median PFS 
(10.5 → 12.8 months) with fewer local-only relapses (10 vs. 22%). 
There was no significant difference in MS (23.6 vs. 22.2 months, 
p = 0.24), although there was a 5-year OS trend in favor of surgery 
(20 vs. 27%, p = 0.1). Increased treatment-related deaths with sur-
gery (8 vs. 2%), particularly when pneumonectomy required.

PRE-OP Rt
There is no improvement in survival with pre-op RT alone JJ

(without chemo) as noted in two collaborative studies from 
1970s (VA and NCI).

POSt-OP ChEMO
Study Patients Random-

ization
Primary 
outcome

Comment

ANITA 
(Lancet 
Oncol 
2006)

840 pa-  
tients with 
resected 
IB–IIIA

Cisplatinum 
vinorelbine 
 × 4c vs. 
obser vation

Chemo in-  
creased 
5-year OS  
by 8.6%

On subset 
analysis, 
benefit limited 
to N + patients 
(II–IIIA)

ALPI  
(JNCI 
2003)

1,209 
patients 
with 
resected 
I–IIIA

MMC/
cisplatin/
vindesine × 3c 
vs. obser-
vation

No difference 
in OS or PFS

Poor 
compliance 
with MVP 
chemo

NCIC 
JBR.10 
(Winton 
et al. 
2005, 
Vincent 
2009)

482 
patients  
with 
completely  
resec ted 
pIB–II

Cisplatin/
vinorelibine 
 × 4c vs. 
obser vation. 
No RT

Chemo 
improved 
5-year OS (54 
→ 69%) and 
RFS (49 → 
61%). Long-
term survival 
benefit limited 
to N1 patients 
after a median 
follow-up of 
9.3 years

0.8% of 
patients died 
due to chemo 
toxicity

CALGB 
9633 
(Strauss 
et al. 2004

344 
patients 
with 
completely

Carbo/taxol 
 × 4c vs. 
obser vation

No significant 
difference in 
OS and DFS 
with chemo

On subset 
analysis,  
OS and DFS 
benefit for

continued



236 Handbook of EvidEncE-basEd Radiation oncology

resected 
T2N0

with a median 
follow-up of 
74 months

tumors ³4 cm.
No treatment-
related deaths

Kato et al. 
(2004)

980 
patients 
with 
pT1–2N0 
(adenocar-
ci noma 
only)

Daily uracil-
tegafur  
(UFT) for 
2 years vs. 
observation

UFT 
improved 
5-year OS  
(85 → 88%)

Most benefit 
for T2 (74 → 
85%) but not 
T1 (89 → 90%)

IALT 
(Arriagada 
et al. 
2004; Le 
Chevalier, 
2008 
abstract 
7507)

1,867 
patients 
with pI 
(36%), pII 
(25%), and 
pIII (39%)

3–4c adjuvant 
cisplatinum-
based 
chemo (most 
platinum/
etoposide) vs. 
obs. Post-op  
RT (60 Gy) to 
the mediasti-
num was 
given to 
~1/3 of N1 
patients and 
~2/3 of N2 
patients

Chemo 
improved 
5-year OS (40 
→ 45%) and 
DFS (34 → 
39%)

0.8% of 
patients died 
due to chemo 
toxicity. With 
7.5-year 
follow-up, 
there were 
more deaths in 
chemo group

LACE 
(Pignon 
et al. 
2008)

Metaanaly-
sis of five 
largest 
trials of 
4,584 
patients

Cisplatin-
based 
chemo after 
complete 
resection vs. 
observation

5-year OS 
benefit 5.4% 
with chemo, 
greatest for 
stage II and 
III

No difference 
among chemo 
regimens

POSt-OP Rt
JJ SEER (JCO 2006): >7,400 patients with stage II–III resected 
NSCLC. PORT used most often for patients <50 years, T3–4, 
larger T size, increased N stage, more than number and percent 
involved LN. PORT improved 5-year OS for N2 patients 
(20→27%, HR 0.85), but reduced OS for N0 (41 → 31%, HR 
1.2), and N1 (34 → 30%, HR 1.1) patients.

JJ LCSG 773 (NEJM 1986): 210 patients with pII–IIIA 
(squamous cell carcinoma only) randomized to observation 
vs. post-op RT to the mediastinum (50 Gy). RT decreased LR 
overall (41 → 3%) and for N2 patients, but there were no dif-
ferences in OS.
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MRC (Stephens et al. JJ 1996): 308 patients with pII–IIIA ran-
domized to observation vs. post-op RT (2.67/40 Gy). Subgroup 
analysis demonstrated a 1 month survival advantage and 
improved LRC for N2 (but not N1) patients.
Sawyer et al. (JJ 1997): regression tree analysis of pN2 patients 
treated with and without post-op RT. RT improved LRC and OS 
for patients with more than or equal to two N2 nodes or T3–4 
tumors with one N2 node.
PORT Metaanalysis Trialists Group (JJ 1998): 9 trials of 
 surgery ± post-op RT. For N0–1 patients, RT produced a 7% 
absolute OS decrement, but there was no OS difference for N2 
patients. Analysis criticized because 25% of patients were N0, 
many patients were treated with Co-60, older studies used 
inadequate staging, and unpublished data were included.
Van Houtte et al. (JJ 1980): pI–II randomized to observation vs. 
post-op 60 Gy to mediastinum. RT improved local-regional 
control, but 5-year OS was worse (24% RT vs. 43% with obser-
vation) due to increased pneumonitis. Study criticized because 
used Co-60 machines, large field size, and no CT planning.

POSt-OP Rt ± ChEMO
INT 0115/ECOG 3590 (Keller et al. JJ 2000): 488 patients with 
completely resected pII–IIIA randomized to RT (1.8/50.4 Gy) ±  
concurrent cisplatin/etoposide chemo × 4c. RT boost given for 
ECE (10.8 Gy). Addition of chemo did not change MS (38–39 
months) or LF (12–13%).

POSt-OP ChEMO ± Rt
ANITA (Douillard et al. 2008): see details above under post-op JJ

chemo trials. Post-op RT (45–60 Gy) was given to 28% of 
patients (8% of N0, 35% of N1, and 52% of N2). RT increased 
5-year OS by 5–13% for all N2 patients and by 12% for N1 
patients not given chemo. RT reduced OS for N1 patients given 
chemo. PORT reduced local/regional failure (first site) for both 
N1 and N2 patients.

JJ CALGB 9734 (Strauss et al. 2004): randomized patients with 
resected N2 disease treated with 4c adjuvant carbo-taxol to 
observation vs. post-op mediastinal RT. Closed early after only 
40 patients enrolled. Median FFS increased with RT (16→26 
months), but no difference in OS.
French IFCT 0503 (ongoing): randomizes patients with resected JJ

N2 disease to post-op -conformal RT 54 Gy. Pre-op or post-op 
chemo allowed before RT, but not concurrent with RT.
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SEqUENCING ANd tIMING Of dEfINItIvE ChEMO ANd Rt
RT alone: MS 10–12 months, 5-year OS 7%JJ

Sequential chemo JJ → RT: MS 13–15 months, 5-year OS 20%
Concurrent chemo-RT: MS 16–17 months, 5-year OS 20–30JJ

Rt ± INdUCtION ChEMO
CALGB 8433 (Dillman et al. JJ 1990): 155 patients with T3 or  
N2 randomized to RT alone (2/60 Gy) vs. sequential cisplatin/
vinblastine → RT (60 Gy). Induction chemo improved MS (10 
→ 14 months) and 2/5-year OS (13/7 → 26/19%).

JJ RTOG 8808 (Sause et al. 2000): 458 patients with cII, IIIA, IIIB 
randomized to RT alone (2/60 Gy) vs. sequential cisplatin/vin-
blastine → 2/60 Gy vs. b.i.d. RT alone (1.2/69.6 Gy). Induction 
chemo improved MS (13.2 months) vs. RT alone, and there was 
no difference for qd RT (11.4 months) vs. b.i.d. RT (12 months).

SEqUENtIAL vS. CONCURRENt ChEMO-Rt
JJ RTOG 9410 (Curran et al. 2003 abstr.): 610 patients with unre-
sectable or medically inoperable II–III randomized to chemo 
→ 1.8/63 Gy (seq) vs. concurrent 1.8/63 Gy + chemo (con-qd) vs. 
concurrent 1.2 b.i.d./69.6 Gy + chemo (con-b.i.d.). Chemo was 
cisplatin/vinblastine, but cisplatin/etoposide for b.i.d. arm. 
Concurrent chemo improved MS (seq = 14.6 months, con-
qd = 17 months, con-b.i.d. = 15.2 months) and 4y OS, but 
increased toxicity, especially with b.i.d. RT.

JJ French NPC 95-01 (Fournel et al. 2005): randomized 205 patients 
with unresectable stage III to sequential cisplatin/vinorelbine → 
RT (2/66 Gy) vs. concurrent cisplatin/etoposide ×2c + RT 
(2/66 Gy) → consolidation cisplatin/vinorelbine. Although not 
statistically significant, concurrent chemo-RT had improved 
MS (14.5 → 16.3 months) and 2–4-year OS (by 7–13%). 
Esophageal toxicity was more frequent with concurrent.
Huber et al. (2006): 214 patients with IIIA/B received induction JJ

carbo/paclitaxel × 2 cycles and if no progression randomized to 
60 Gy with or without weekly paclitaxel. Trend for improved 
MS with chemo-RT (14→19 months) and significantly improved 
MPFS (6→12 months). No difference in toxicity.
LAMP (Belani et al. JJ 2005): randomized phase II study of 276 
patients with unresectable IIIA/IIIB randomized to sequential 
chemo ×2c → 63 Gy (arm 1) vs. induction chemo ×2c → concur-
rent 63 Gy + chemo × 7c (arm 2) vs. concurrent 63 Gy + chemo × 7c 
→ adjuvant chemo ×2c (arm 3). Chemo was carboplatin and 
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paclitaxel. Med follow-up 40 months. Upfront concurrent chemo-
RT improved MS (arm 1 = 13 months, arm 2 = 12.7 months, arm 
3 = 16.3 months). Arm 2 was stopped early because 20% of patients 
did not get chemo with RT. G3–4 esophagitis 19–28% arm 2–3.
Furuse et al. (1999): 320 patients treated with 56 Gy (split-JJ

course) and concurrent vs. sequential cisplatin, vindesine, and 
mitomycin. Concurrent chemo improved MS 13→17 months 
and 5-year OS 9→16% vs. sequential.

CONCURRENt ChEMO-Rt ± INdUCtION ChEMO
CALGB 39801 (Vokes et al. 2007): 366 patients with unresectable JJ

IIIA/IIIB randomized to concurrent weekly carbo-taxol chemo + RT 
(66 Gy) vs. induction carbo-taxol q3 weeks ×2c → same concurrent 
chemo-RT. No difference in MS (12–14 months) or OS. Induction 
chemo increased toxicity (20% grade 3–4 neutropenia).
Also see arm two of LAMP (above).JJ

CONCURRENt ChEMO REGIMENS
CALGB 9431 (Vokes 2002): phase II trial of 175 patients with unre-JJ

sectable stage III disease treated with chemo ×2c → concurrent 
chemo-RT to 66 Gy randomized to three different cisplatin-
based chemo regimens (with gemcitabine, paclitaxel, or vinore-
lbine). Median OS was 18 months for gemcitabine and vinorelbine 
and 15 months for paclitaxel, but no difference in 3-year OS.
CALGB 30105 (Blackstock 2006): 69 patients randomized to JJ

induction carbo/paclitaxel → concurrent carbo-paclitaxel and 
RT vs. induction carbo-gemcitabine → concurrent gemcitabine 
2×/week during RT. RT 2/74 Gy. MS 24 months for carbo-pacli-
taxel vs. 17 months for carbo-gemcitabine.

CONSOLIdAtION thERAPIES
HOG (Hanna et al. 2008): randomized 203 unresectable IIIA/B JJ

patients without progression after concurrent cisplatin/etopo-
side × 2c and RT to 59.4 Gy to docetaxel 75 mg/m2 q3 weeks ×  
3 vs. no additional treatment. Interim analysis demonstrated 
no differences in OS (MS 21–23 months) or PFS and more 
 toxicity with docetaxel.
SWOG 0023 (Kelly et al. 2008): 243 IIIA/B patients treated with JJ

cisplatin-etoposide × 2c and concurrent 61 Gy → docetaxel × 3c ran-
domized to observation vs. maintenance gefitinib (Iressa). Worse 
MS (23 vs. 35 months) and trend for worse PFS with gefitinib.
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SUPERIOR SULCUS
Int 0160 (Rusch et al. JJ 2007): phase II trial of 111 patients with 
T3–4N0–1 superior sulcus tumors treated with concurrent 
chemo-RT (45 Gy) → restaging → surgery (if no progression) → 
chemo ×2c. Chemo was platinum/etoposide. If progression on 
restaging, complete definitive chemoRT to 63Gy without sur-
gery. Eighty-six percent of patients had surgery. Fifty-six per-
cent had pCR or minimal microscopic residual disease. The 
most common site of relapse was in the brain.

PROPhyLACtIC CRANIAL Rt (PCI)
Brain is the site of failure for ~15% of early-stage patients and JJ

>15% for advanced stage patients. Three older randomized tri-
als have investigated PCI in advanced NSCLC. PCI delayed and 
reduced the incidence of brain failure, but had no impact on 
OS. Extracranial disease was the cause of death for most 
patients, and may be a source of CNS re-seeding after PCI.
RTOG 0214 (Gore 2009): randomized patients with definitively JJ

treated stage IIIA/B disease to prophylactic cranial RT (30 Gy/15 
fractions) or observation. No difference in 1-year OS or DFS, but 
PCI improved rates of brain metastasis at 1 year (7.7 vs. 18%).

RAdIAtION tEChNIqUES
SIMULAtION ANd fIELd dESIGN

Simulate patient supine with arms up so that arms do not block JJ

the tattoos on the sides of the patient.
Immobilize with a wingboard or with an alpha cradle (with JJ

arms up).
Use a 3D conformal or IMRT plan throughout treatment so JJ

that beams passing through normal tissues have lower doses 
per fraction throughout treatment.
Wedges and/or compensating filters may be needed.JJ

Favor 6–10 MV photons with 3D planning over higher energies JJ

because underdosing of tumor can occur in regions of elec-
tronic disequilibrium such as the tumor/lung interface with 
higher energies.
GTV: gross primary and nodal disease including LN(s) JJ ³1 cm or 
hypermetabolic on PET scan or harboring tumor cells per 
mediastinoscopy.
CTV: typically includes the GTV plus 1–1.5 cm margin.JJ

PTV: add 0.5–1.5 cm margin on CTV to account for set-up JJ

uncertainties and respiratory motion.
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Respiratory tracking or gating systems or 4D planning may JJ

allow for decreased PTV margins.
Elective nodal RT.JJ

The rationale against elective nodal RT for early-stage dis-JJ

ease is that there are high rates of local recurrence with cur-
rent doses and techniques. If gross disease cannot be 
controlled, then why enlarge the volume and increase com-
plications by including areas that might harbor microscopic 
disease that will frequently be addressed by chemo.
Rosenzweig et al. (2007): 524 patients with NSCLC treated JJ

with 3DCRT to only tumor and histologically or radiographi-
cally involved LN regions. No elective nodal RT. Only 6% of 
patients developed failure in an initially uninvolved LN region 
in the absence of local failure. Many patients experienced 
treatment failure in multiple LN regions simultaneously.
Only consider treating the supraclavicular fossa if an upper JJ

lobe primary or gross upper mediastinal disease because it is 
the first site of failure in only ~3% of patients.
Contralateral hilar or supraclavicular treatment is discour-JJ

aged unless involved.
Post-op RT.JJ

If N2 and margins are negative, adjuvant chemo for 2–4c JJ → 
mediastinal RT.

Involved LN region ± ipsilateral hilum ± subcarinal LN JJ

region to 50.4 Gy depending on the extent of node dissec-
tion, number, bulk, and location of mediastinal disease 
and primary tumor.
10–16 Gy boost if extranodal extension.JJ

If + margin: favor initial post-op RT JJ → adjuvant chemo or 
post-op concurrent chemo-RT (e.g., carbo/taxol with RT). 
Limit field to area of + margin if N0–1 disease (i.e., no elec-
tive mediastinal nodal coverage).
If gross residual disease JJ → favor concurrent chemo-RT.

“Classic” post-op mediastinal field borders.JJ

Superior border = Apex of lung. SCV fossa included for bulky JJ

N2 disease and T3 upper lobe lesions.
Inferior = 5 cm below carina (more if subcarinal originally JJ

involved).
Lateral = 2 cm on trachea and ipsilateral hilum.JJ

dEfINItIvE Rt dOSE PRESCRIPtIONS
Primary and involved LN: generally, 63–66 Gy at 1.8–2 Gy per frac-JJ

tion with or without chemo. May consider treating up to 77.4 Gy 
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without concurrent chemo (keep V20 £ 35%) or up to 74 Gy with 
concurrent chemo (mainly carboplatin and paclitaxel).
For peripheral lesions, may hypofractionate at 4 Gy/fraction to JJ

tumor +1.5 cm margin to 40 Gy followed by conedown to tumor 
+0.5 cm to 48 Gy.
Various radiosurgical techniques have been reported.JJ

Commonly used radiosurgical technique for peripheral tumors JJ

<5 cm.
20 Gy per fraction for three fractions to the 60–90% isodose JJ

line covering the PTV (54 Gy with proper heterogeneity 
correction).
Delivered over 1.5–2 weeks with 2–8 days between fractions.JJ

Uses 7–10 nonopposing, noncoplanar beams.JJ

To reduce internal motion, abdominal compression, respira-JJ

tory gating, or active breath holding techniques may be used.
For planning, the GTV = CTV. PTV = 0.5 cm axial and 1 cm JJ

superior/inferior margin.

POSt-OP Rt dOSE PRESCRIPtIONS
If N2: 50.4 Gy with consideration of 10–16 Gy boost for extran-JJ

odal extension.
If + margin, 60–66 Gy to area of + margin.JJ

dOSE LIMItAtIONS
Spinal cord:JJ

RT alone: maximum dose <50 Gy.JJ

Chemo-RT: maximum dose <46 Gy at 1.8–2 Gy/fx QD or JJ

<36 Gy with b.i.d. RT.
Lung:JJ

Combined volume of both normal lungs receiving JJ ³20 Gy 
(V20): RT alone <40%, chemo-RT <35%.
Mean lung dose: RT alone <20 Gy, chemo-RT <16.5–20 Gy.JJ

V5: chemo-RT <42%.JJ

Pneumonitis grading.JJ

Grade 1: asymptomatic radiographic changes.JJ

Grade 2: changes requiring steroids or diuretics; dyspnea JJ

on exertion
Grade 3: requires oxygen; shortness of breath at restJJ

Grade 4: requires assisted ventilationJJ

Grade 5: deathJJ

Esophagus:JJ

Maximum dose <75 Gy.JJ

Without chemo: V60 Gy <50%, V55 Gy <65%.JJ

With chemo: V55 Gy <50%.JJ
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Heart: V40 Gy <50%.JJ

Pacemakers/internal cardiac defibrilators (ICD).JJ

Can malfunction at JJ £2.5 Gy, depending on manufacturer and 
model. Attempt to get RT tolerance specifications from man-
ufacturer. Always keep out of field. Estimate dose. If >2 Gy, 
move out of field.
ICDs can be more sensitive and critical than pacemakers. JJ

Consider deactivating ICD during RT and replace with ECD 
(external cardiac defibrillator, temporary).
Cardiologist should evaluate and interrogate pacemaker/ICD JJ

before, weekly during RT, and monthly after RT.
Have CPR equipment available.JJ

Observe patient after initial ports and each treatment.JJ

Brachial plexus: maximum dose <60 Gy.JJ

If superior sulcus, inform of increased risk with concurrent JJ

chemo if 60–63 Gy.
Liver: V30 Gy <40%.JJ

Kidney: V20 Gy <50% of combined volume or <25% of one side JJ

if one kidney is not functional.
Chemo agents that may increase lung toxicity = busulfan, cyclo-JJ

phosphamide, IFN, bleomycin, MMC, MTX, nitrosureas.

COMPLICAtIONS
Acute RT complications include esophagitis, dermatitis, and/or JJ

cough.
Subacute and late complications include pneumonitis, pulmo-JJ

nary fibrosis, pericarditis, brachial plexopathy, and Lhermitte’s 
syndrome.
Radiation pneumonitis occurs ~6 weeks after RT. It presents with JJ

cough, dyspnea, hypoxia, and fever. Treat symptomatic radiation 
pneumonitis with prednisone (1 mg/kg/d) or 60 mg/day and 
trimethoprim/sulfamethaxazole for PCP prophylaxis. Often pro-
duces dramatic and quick response in symptoms, but very gradual 
and prolonged taper is critical for durable symptom resolution.
Lhermitte’s syndrome (sudden electric-like shocks extending JJ

down the spine with head flexion) usually resolves spontane-
ously. Not predictive for late myelopathy.

fOLLOW-UP
H&P and CXR every 3–4 months for 2 years, then every 6 JJ

months for 3 years, then annually. CT chest annually. PET scans 
optional.
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Chapter 16

Mesothelioma and Thymic Tumors

Fred Y.  Wu, Brian Lee, and Joycelyn L. Speight

MesothelioMa
PEARLS

Rare: only 2,000–3,000 cases per year in the US.JJ

Eighty percent cases involve asbestos exposure.JJ

Strong causal relationship exists with cigarette smoking.JJ

Can affect visceral pleura, parietal pleura, and peritoneum.JJ

May mimic adenocarcinoma on pathologic examination; immu-JJ

nohistochemical staining required for definitive diagnosis.

WORKUP
H&P, CXR, CT/MRI chest, PET/CT, pulmonary function tests.JJ

On CT, look for pleural thickening, effusions, contraction of JJ

ipsilateral hemithorax.
Functional imaging important because prior talc pleurodesis JJ

results in pleural thickening, which may be indistinguishable 
from disease-related plaques.
Circumferential pleural thickening, mediastinal/chest wall/dia-JJ

phragm involvement, and/or irregular pleural contour are most 
likely malignant.
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STAGING (AJCC 7Th Ed., 2010): MESOThELIOMA
Editors’ note: All TNM stage and stage groups referred to elsewhere in this 
chapter reflect the 2002 AJCC staging nomenclature unless otherwise noted 
as the new system below was published after this chapter was written.

Primary tumor (T)
TX:  Primary tumor cannot be assessed
T0: No evidence of primary tumor
T1:  Tumor limited to the ipsilateral parietal pleura with or without mediastinal pleura and 

with or without diaphragmatic pleural involvement
 T1a:  No involvement of the visceral pleura
 T1b:  Tumor also involving the visceral pleura
T2:  Tumor involving each of the ipsilateral pleural surfaces (parietal, mediastinal, diaphrag-

matic, and visceral pleura) with at least one of the following:
  Involvement of diaphragmatic muscle
   Extension of tumor from visceral pleura into the underlying pulmonary parenchyma
T3:  Locally advanced but potentially resectable tumor. Tumor involving all of the ipsilateral 

pleural surfaces (parietal, mediastinal, diaphragmatic, and visceral pleura) with at least 
one of the following:

  Involvement of the endothoracic fascia
  Extension into the mediastinal fat
  Solitary, completely resectable focus of tumor
  Extending into the soft tissues of the chest wall
  Nontransmural involvement of the pericardium
T4:  Locally advanced technically unresectable tumor. Tumor involving all of the ipsilateral 

pleural surfaces (parietal, mediastinal, diaphragmatic, and visceral pleura) with at least 
one of the following:

   Diffuse extension or multifocal masses of tumor in the chest wall, with or without 
associated rib destruction

  Direct transdiaphragmatic extension of tumor to the peritoneum
  Direct extension of tumor to the contralateral pleura
  Direct extension of tumor to mediastinal organs
  Direct extension of tumor into the spine
   Tumor extending through to the internal surface of the pericardium with or without 

a pericardial effusion or tumor involving the myocardium

Regional lymph nodes (N)
NX: Regional lymph nodes cannot be assessed
N0: No regional lymph node metastases
N1:  Metastases in the ipsilateral bronchopulmonary or hilar lymph nodes
N2:  Metastases in the subcarinal or the ipsilateral mediastinal lymph nodes including the 

ipsilateral internal mammary and peridiaphragmatic nodes
N3:  Metastases in the contralateral mediastinal, contralateral internal mammary, ipsilateral 

or contralateral supraclavicular lymph nodes

distant metastasis (M)
M0: No distant metastasis
M1: Distant metastasis present

Anatomic stage/prognostic groups
I: T1 N0 M0
IA: T1a N0 M0
IB: T1b N0 M0
II: T2 N0 M0
III: T1, T2 N1 M0
 T1, T2 N2 M0
 T3 N0, N1, N2 M0
IV: T4 Any N M0
 Any T N3 M0
 Any T Any N M1

continued
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Used with the permission from the American Joint Committee on Cancer (AJCC), Chicago, 
IL. The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010), published by Springer Science+Business Media.

TREATMENT RECOMMENdATIONS

2002 Stage Recommended treatment ~MS

I–II If resectable/N0: extrapleural JJ

pneumo nectomy (EPP) Æ 4–6 
week break Æ RT 1.8/54 Gy
If resectable/N + or medically JJ

unsuit able for EPP consider 
pleurectomy/decortication Æ 
4–6 week break Æ RT 1.8/54 Gy
If surgically inoperable JJ Æ neo-
adjuvant chemo and reevaluate 
for resection; if remains unre-
sec table, continue chemo

Stage I: 35 months
Stage II: 16 months

III–IV Primary EPP followed by JJ

adjuvant RT ± chemo vs. Neo-
adjuvant chemo Æ resection Æ 
RT 1.8/54 Gy ± adjuvant CT

Stage III: 12 months
Stage IV: 6 months

STUdIES
Rusch (2001): phase II trial of 88 patients treated with EPP and JJ

adjuvant hemithoracic RT (54 Gy). MS 34 months for Stage 
I–II and 10 months for late stage. Toxicity included fatigue and 
esophagitis.
Vogelzang et al. (JJ 2003): phase III single-blinded study of pem-
etrexed and cisplatin vs. cisplatin alone in chemo naïve patients 
with malignant pleural mesothelioma. Addition of pemetrexed 
improved response rate (17→41%) and MS (9→12 months).
Flores et al. (JJ 2006): phase II trial of stage III or IV patients treated 
with induction chemo (gemcitabine/cisplatin), EPP, and adjuvant 
radiotherapy (54 Gy). MS: resectable patients 33.5 months, unre-
sectable patients 9 months, all patients 19 months.
Lucchi et al. (JJ 2008): phase II study of stage II–III patients 
treated with intrapleural pre-op IL-2, pleurectomy/decortica-
tion, adjuvant intrapleural epidoxorubicin/IL-2, adjuvant 
radiotherapy (30 Gy), systemic chemotherapy (cisplatin/gem-
citabine), and long-term IL-2. MS is 26 months, 2- and 5-year 
OS 60.2 and 23.3%, respectively.
Allen et al. (JJ 2007a): retrospective review of outcomes associated 
with moderate dose hemithoracic RT (MDRT) vs. high dose 
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hemithoracic RT (HDRT) in 39 patients after EPP. (MDRT = 30 Gy 
to hemithorax, 40 Gy to mediastinum, and boost to positive 
margins or nodes to 54 Gy with concurrent CT; HDRT = 54 Gy 
with sequential CT). Median OS 19 months. HDRT yield lower 
LF rate (27%) vs. MDRT (50%; p = ns ). RT technique was not 
predictive of local failure, distant failure, or OS.
Perrot et al. (JJ 2009): retrospective review of 60 patients treated 
with trimodality therapy with induction chemo followed by EPP 
and adjuvant hemithoracic RT (³50 Gy). Type of induction chemo 
did not impact survival. For N0 patients, MS 59 months, 5-year 
DFS 53%. Pathologic nodal status is a good predictor of survival.
Rice et al. (JJ 2007): review of 100 consecutive patients treated 
with EPP. Sixty-three patients received IMRT (median dose 
45 Gy). Chemo not routinely administered. Overall MS 10 
months. For IMRT patients, MS 14 months (28 months if pN0), 
3-year OS 20% (41% if pN0). Only 5% recurrence within irradi-
ated field. Fifty-four percent developed distant recurrences.
Krayenbuehl (JJ 2007): retrospective planning comparison of 17 
patients treated with adjuvant 3D-CRT (n = 8) or IMRT (n = 9) 
following EPP. IMRT improved coverage and homogeneity vs. 
3D-CRT (p < 0.01) through an increase in mean lung dose to 
ipsilateral and contralateral lung.
Miles et al. (JJ 2008): retrospective review of 13 patients treated 
with IMRT to entire ipsilateral hemithorax and nodes (median 
dose 45 Gy) after EPP. With 9.5 months median follow-up, 23% 
had grade 2 or greater pulmonary toxicity; 46% developed LR 
and/or DM, and 46% were alive and NED. Authors describe 
dosimetric parameters for pulmonary toxicity.
Sterzing et al. (JJ 2008): retrospective planning comparison of 
step and shoot IMRT and helical tomotherapy for 10 patients 
treated with adjuvant RT (54 Gy) following neoadjuvant chemo 
and EPP. Tomotherapy had improved coverage and homogene-
ity and decreased mean lung dose.
Boutin (Chest JJ 1995): randomized study of 40 patients treated 
with 7 Gy × 3 fx with electrons to drain sites vs. observation. RT 
to drain sites decreased LF 40–0%.
O’Rourke (Radiother Oncol JJ 2007). Randomized study of 61 
patients after chest drain or pleural biopsy treated with 21 Gy 
in 3 fx to drain site vs. best supportive care. No difference in the 
risk of tract metastases between arms (<10%).
Plathow et al. (JJ 2008): computed tomography, positron emission 
tomography, positron emission tomography/computed tomog-
raphy, and magnetic resonance imaging for staging of limited 
pleural mesothelioma: initial results. Accuracy for detecting 



253cHaptER 16: MEsotHElioMa and tHyMic tuMoRs

IV

stage II: CT 77%, PET 86%, MRI 80%, PET/CT 100%. Stage III: 
CT 75%, PET 83%, MRI 90%, and PET/CT 100%.

RAdIATION TEChNIQUES
SIMULATION ANd fIELd dESIGN

Hemithoracic RT 4–8 weeks post resection.JJ

Simulate and CT pt supine, arms overhead, immobilization.JJ

Favor image-based (e.g., CT) planning.JJ

Earlier study by Allen et al. suggested IMRT may be associated JJ

with increased complications and/or deaths (Allen et al. 2006). 
However, later studies by the same group (Allen et al., 2007a, b) 
and others (Krayenbuhl, 2007) have shown decreased toxicity 
with careful planning.
Conventional AP/PA borders: superior = top of T1; inferior = bot-JJ

tom L2; medial = contralateral edge of vertebral body (if medi-
astinum negative) or 1.5 cm beyond contralateral edge of 
vertebral body (if mediastinum involved), lateral = flash.
Blocks: liver and stomach (covers diaphragm/abdomen inter-JJ

face), humerus, heart (after 20 Gy), spinal cord (after 41.4 Gy, 
shift medial border to ipsilateral edge of vertebral body).
Scar: include in field, bolus, or boost to scar may be needed.JJ

Electron boost to areas of chest wall blocked for abdominal or JJ

cardiac protection.

dOSE PRESCRIPTIONS
1.8 Gy/fx to 54 Gy (off-cord after 41.4 Gy)JJ

Electrons: give concurrent with photon treatment, 1.53 Gy/fx JJ

(15% scatter under blocks from photon fields). Choose energy 
so that chest wall is covered by 90% IDL

dOSE LIMITATIONS
Spinal cord: JJ £45 Gy
Lung: mean lung dose JJ £8–10 Gy; V20 £4–10 Gy; V5 £75%
Heart: limit 50% <25–40 GyJJ

Esophagus: limit 1/3 to <60 Gy; 2/3 to <55 Gy; 3/3 to <45 GyJJ

COMPLICATIONS
Acute: may include skin reactions, fatigue, nausea, vomiting, JJ

dysphagia, odynophagia, cough, dyspnea, L’hermitte’s syn-
drome (radiationmyelitis), acute pneumonitis, pneumonia.
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Late: may include pericarditis, restrictive cardimyopathy, myo-JJ

cardial infarction, CHF, radiation myelopathy, radiation pneu-
monitis, pulmonary fibrosis.

thYMiC tUMoRs
PEARLS

Thymoma has an indolent, predominantly locally invasive JJ

growth pattern, but can metastasize.
Thymoma accounts for 20% of mediastinal tumors and 50% of JJ

anterior mediastinal masses in adults; most common age at 
diagnosis = 40–60 years.
Most common presentation is as an anterior mediastinal mass on JJ

CXR performed for other reasons; 40–50% are asymptomatic.
Thymomas are often associated with immune and nonimmune JJ

mediated paraneoplastic syndromes: myasthenia gravis (MG; 
~30%), pure red cell aplasia (PRCA; 5–10%), and hypogamma-
globulinemia (Good’s syndrome, 3–6%).
Only 10–15% of patients with MG have a thymoma; 50% of JJ

patients with PRCA have a thymoma.
Common presenting symptoms include fatigue, chest pain, JJ

cough, dyspnea, hoarseness, symptoms of superior vena cava 
syndrome, and/or paraneoplastic symptoms (i.e., MG: muscle 
weakness, dysphagia, blurred vision).
Prognosis is related to stage and completeness of resection; on JJ

multivariate analysis, treatment dose ³50 Gy is a prognostic 
factor (Zhu et al. 2004).
Thymomas are chemosensitive tumors; complete and partial JJ

response rates = 1/3 and 2/3, respectively.
Other histologies.JJ

Thymic carcinoma: more locally-aggressive with ~30% LN JJ

and DM.
Thymic carcinoid: more locally-aggressive with 30% LN and JJ

30–40% DM, associated with MEN, Cushing’s, Eaton–Lambert, 
SIADH, and hypercalcemia paraneoplastic syndromes.

WORKUP
H&P, CXR, and preoperative chest imaging, mainly CT chest JJ

with contrast; MRI and PET–CT have been used.
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Be careful to note entire pre-op tumor volume including ante-JJ

rior extension to sternum or anterior chest wall or posterior 
extension into the mediastinum.
Serum studies to rule-out germ cell tumor (JJ b-HCG, LDH, AFP, 
ACH receptor assay).
Anterior mediastinoscopy with biopsy.JJ

STAGING
Stage grouping (Masaoka system) ~5-Year survival
I:  Macroscopically completely encapsulated and 

microscopically no capsular invasion
I:  93%

II:  (1) Macroscopic invasion into surrounding fatty tissue  
or mediastinal pleura, or (2) microscopic invasion 
into capsule

II:  86%

III:  Macroscopic invasion into neighboring structures, i.e.,  
mediastinum, pericardium, great vessels, or lung

III:  70%

IVa:  Pleural or pericardial dissemination IV:  50%
IVb:  Lymphatic or hematogenous metastasis

From: Masaoka et al. 1981. Copyright 1981 American Cancer 
Society. This material is reproduced with permission of Wiley-Liss, 
Inc., a subsidiary of John Wiley & Sons, Inc.

TREATMENT RECOMMENdATIONS

 The role for radiotherapy in the management of malignant thymoma JJ

remains somewhat controversial; no randomized studies exist com-
paring treatment; retrospective data suffer from heterogeneity in 
treatment techniques

Complete surgical resection (R0) is the mainstay of treatmentJJ

 Forty percent of completely resected thymomas recur; median time to JJ

local recurrence (LR) ~4 years

Recommended treatment

Stage Recommended treatment

I Complete (R0) resection

II Complete (R0) resection ± post-op RT (depending on the risk 
of LR based on pathology). Favor post-op RT for close or 
involved margins, thymic carcinoma, and thymic carcinoid

III Complete resection (if possible) → post-op RT
If marginally resectable: pre-op RT ± chemo (cisplatin based) 
→ resection if feasible
If not a surgical candidate or unresectable: chemo-RT or 
definitive RT
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IV Induction combination chemo → RT and/or surgery depending 
on response

Chemo Common first-line: cisplatin, doxorubicin, cyclophosphamide 
± prednisone (CAPP). Other options available for first and 
second line (see NCCN guidelines)

STUdIES
RAdIOThERAPY

Multiple retrospective reviews suggest that RT reduces recur-JJ

rence rates and improves outcomes for incompletely resected 
stage II–IV thymoma. The role of post-op RT for completely 
resected stage II–III thymoma is controversial.
Forquer et al. (JJ 2009): review of 901 patients with surgically 
resected thymoma or thymic carcinoma in SEER database. 
Post-op RT improved 5-year OS for patients with Stage II–III 
disease (66→76%), but not CSS (91 vs. 86%). No benefit of post-
op RT Stage I patients.
Kondo and Monden (JJ 2003): review of 1,320 patients with thy-
mic epithelial tumors. Stage I treated with surgery alone. 
Stage II–III thymoma and thymic carcinoid treated with sur-
gery and RT. Stage IV thymoma and thymic carcinoma treated 
with RT and chemo. Masaoka clinical stage is an excellent 
predictor of prognosis for thymoma and thymic carcinoma, 
but not thymic carcinoid. Complete resection is the most 
important prognostic factor. Post-op RT did not significantly 
reduce recurrence rate for patients with completely resected 
stage II–III thymoma.
Zhu et al. (JJ 2004): retrospective review of 47 patients with nonin-
vasive thymoma and 128 patients with invasive thymoma. Ninty-
seven percent received post-op RT. Masaoka stage and extent of 
resection were the most important prognostic factors. Five-year 
LC rates: stage II 96%, stage III 56%, stage IVA 43%, stage IVB 
22%, tumor bed only RT 68%, extended field RT 67%.
Curran et al. (JJ 1988): retrospective study of 103 patients with 
thymoma. No recurrences among stage I patients after total 
resection without RT. Fifty-three percent with stage II/III thy-
moma had mediastinal recurrence without RT vs. 0% after 
total resection with RT, and 21% after subtotal resection or 
biopsy with RT.
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Monden et al. (JJ 1985): 127 patients treated with surgery ± RT. 
RT reduced recurrence from 30 to 15%.

COMbINEd MOdALITY
Mornex (JJ 1995): retrospective review of 90 patients treated with 
surgery and RT (30–70 Gy) ± chemo (cisplatin based). Five out 
of ten-year OS was 51/39%. Extent of surgery impacted 10-year 
OS (43% for partial resection vs. 31% for biopsy only). Stage, 
histology, and chemo were not prognostic.
Kim et al. (JJ 2004): phase II study of a multidisciplinary approach 
with induction chemotherapy, followed by surgical resection, 
radiation therapy, and consolidation chemotherapy for unre-
sectable malignant thymomas. Induction chemo 77% response 
rate. OS rates 95% (5-year) and 79% (7-year). PFS rates 77% 
(5-year) and 77% (7-year).
Wright et al. (JJ 2008): 10 patients with stage III–IVA thymoma 
tread with 2 cycles of cisplatin and etoposide with concurrent 
RT followed by surgery. Four patients had >90% necrosis in 
resected specimen. Eight patients had R0 resection. Seven 
patients received 2 more cycles of chemo. Five-year OS 69%.

RAdIATION TEChNIQUES
SIMULATION ANd fIELd dESIGN

Simulate patient supine with arms overhead and adequate JJ

immobilization.
Conformal, image-based planning techniques are preferred JJ

(IMRT, 3D-CRT, tomotherapy) to minimize dose to surround-
ing normal structures.
Surgical clips denoting the extent of surgical resection and/or JJ

regions of residual disease are important for design of post-op 
fields.
Volumes.JJ

PTV = GTV/tumor bed and clips +1.5–2.0 cm margin.JJ

No need for SCV field(s) unless involved.JJ

Heterogeneity corrections are likely necessary.JJ

dOSE PRESCRIPTIONS
Pre-op RT: 1.8 Gy/fx to 45 GyJJ

Stage II post-op: 1.8 Gy/fx to 45–50 GyJJ

Stage III post-op: 1.8 Gy/fx to 50–54 GyJJ

Gross residual disease: 1.8 Gy/fx to 54–60 GyJJ
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dOSE LIMITATIONS
Spinal cord: JJ £45 Gy
Lung: limit the volume receiving >20 Gy (V20) to <20–30%JJ

Heart: limit 50% <25–40 GyJJ

Esophagus: limit 1/3 to <60 Gy; 2/3 to <55 Gy; 3/3 to <45 GyJJ

COMPLICATIONS
Acute: may include skin reactions,fatigue, dysphagia, odyno-JJ

phagia, cough, dyspnea, L’hermitte’s syndrome (radiationmy-
elitis), acute pneumonitis, pneumonia.
Late: may include pericarditis, restrictive cardimyopathy, myo-JJ

cardial infarction, CHF, radiation myelopathy, radiation pneu-
monitis, pulmonary fibrosis.

fOLLOW-UP
Late recurrences are not uncommon; long-term follow-up is JJ

indicated.
Post-op RT has no impact on the incidence of subsequent pleu-JJ

ral spread (outside of one RT field).
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Chapter 17

Breast Cancer

Siavash Jabbari, Catherine Park, and Barbara Fowble

PEARLS
EPidEmioLogy

Most common cancer (excluding skin) among women in the JJ

United States, with a lifetime risk of ~13.4%.
Approximately 184,450 invasive and 67,770 in situ cases/year JJ

in the United States.
Recent decline in incidence attributed in part to decreased use JJ

of postmenopausal hormone replacement therapy.
Second leading cause of cancer deaths in women (40,500 JJ

deaths/year in the United States).
Decreased incidence and increased mortality rates in African-JJ

Americans as compared to whites.
Most important risk factor for breast cancer development is age.JJ

Risk also affected by age at menarche, first pregnancy, meno-JJ

pause, family history, and mammographic breast density.
Use of exogenous estrogen increases risk for breast cancer.JJ

gEnEtiCS
Approximately 10% of breast cancer cases are associated with JJ

germline mutation, including p53 (Li Fraumeni), BRCA1, and 
BRCA2.
BRCA mutation carriers have 40–85% lifetime risk of breast JJ

and 25–65% life-time risk of ovarian cancer.
BRCA2 mutation carriers have a similar risk of breast cancer JJ

as BRCA1, and 10–15% lifetime risk of ovarian cancer.
Prophylactic bilateral salpingo-oophorectomy decreases JJ

ovarian/fallopian tube cancers by 80%, and breast cancers 
by 50% (Rebbeck et al. 2009).
Prophylactic mastectomy nearly eliminates the risk of breast JJ

cancers, but does not alter the risk of ovarian/fallopian tube 
cancer.
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Chemoprevention with tamoxifen is an alternative strategy.JJ

MRI may have an increasing role in the screening and diag-JJ

nosis of breast cancer in BRCA mutation carriers.

ChEmoPREvEntion
Selective estrogen receptor modulators (SERMS), e.g., tamox-JJ

ifen, can be considered in high risk cohorts, including strong 
immediate family history, history of LCIS, confirmed adverse 
gene carrier, or deemed high risk by various risk assessment 
tools (Gail model).

AnAtomy
Medial and lateral borders of breast tissue: typically the ster-JJ

num and midaxillary line.
Cranial and caudal borders: typically the second anterior rib JJ

and sixth anterior rib.
Primary lymphatic drainage is to axillary, internal mammary, JJ

and SCV nodes.
Axillary lymph nodes divided into three levels by relation to JJ

pectoralis minor muscle.
Level I (low axillary) = nodes inferior/lateral to pectoralis minor JJ

muscle.

JJ NSABP P-1 (Fisher et al. 1998c): 13,388 patients at elevated 
risk for breast cancer (>60 years old, 35–59 years old with 
5-year predicted risk of at least 1.66% based on Gail model, 
history of LCIS) randomized to placebo vs. tamoxifen × 5 
years. At 69 months follow-up, tamoxifen reduced relative 
risk of invasive breast cancer by 49% and noninvasive breast 
cancer by 50%. However, reductions in absolute risk were 
only 2 and 0.9%, respectively. Increased risk of Stage I uterine 
cancer (HR = 2.53). Individuals with ADH had the greatest 
benefit, 4–5X.

JJ NSABP-P2 STAR (vogel et al 2006). Randomized 19,747 post-
menopausal women at increased risk of breast CA to Tamoxifen 
20 mg qd vs. Raloxifene 60 mg qd × 5 years. Incidence of inva-
sive breast CA 0.4% both arms, but fewer noninvasive cases 
(DCIS/LCIS) with Tamoxifen (0.15 vs. 0.21%). Raloxifene 
reduced risk of uterine cancer (absolute 0.7→0.5%), cataracts, 
and thromboembolic events. Similar number of osteoporotic 
fractures, other cancers, stroke, and heart disease.
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Level II (midaxillary) = nodes directly beneath the pectoralis JJ

minor muscle.
Rotter’s (interpectoral) nodes considered level II and are JJ

located between pectoralis major and minor muscles.
Level III (apical or infraclavicular) = nodes superior/medial to JJ

pectoralis minor muscle.
Internal mammary LN (IMLN) located in first to fifth intercos-JJ

tal spaces (first to third most commonly involved), 3–3.5 cm 
from midline.

imAging
Screening

Screening yields 20–35% decrease in breast cancer mortality JJ

between the ages of 50–69, with slightly less impact for ages 
40–49.
Approximately 10% of all breast cancers are mammographi-JJ

cally occult.
Clinical breast exam every 1–3 years and periodic self-exam is JJ

generally recommended beginning in young adulthood.
Annual clinical breast exam and screening mammography are gen-JJ

erally recommended to begin at age 40–50 in the United States.
Screening mammography (± adjunct MRI) should begin earlier JJ

in high-risk populations, such as prior thoracic RT (e.g., mantle-
 field RT), genetic predisposition or strong family history, or 
prior history of LCIS/atypical hyperplasia.
For specific guidelines, please see National Comprehensive JJ

Cancer Network (www.nccn.org) and/or American College of 
Radiology (www.acr.org).
Breast Imaging Reporting and Data System (BI-RADS) provides a JJ

standardized classification for mammographic studies, and dem-
onstrates good correlation with the likelihood of malignancy.

BREASt imAging REPoRting And dAtA SyStEm (Bi-RAdS)
Bi-RAdS  
category

Assessment Clinical management 
recommendation(s)

0 Assessment 
incomplete

Need to review prior studies and/
or complete additional imaging

1 Negative Continue routine screening

2 Benign finding Continue routine screening

3 Probably benign 
finding

Short-term follow-up 
mammogram at 6 months, then 
every 6–12 months for 1–2 years

continued

http://www.nccn.org
http://www.acr.org
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4 Suspicious 
abnormality

Perform biopsy, preferably 
needle biopsy

5 Highly suspicious 
of malignancy; 
appropriate action 
should be taken

Biopsy and treatment, as 
necessary

6 Known 
biopsy-proven 
malignancy, 
treatment pending

Assure that treatment is 
completed

Adapted from: American College of Radiology (ACR). ACR BI-RADS®–
4th Edition. ACR Breast Imaging Reporting and Data System, Breast 
Imaging Atlas; BI-RADS. Reston. American College of Radiology; 
2003. Reprinted with permission from the American College of Radiology. 
No other representation of this material is authorized without expressed, 
written permission from the American College of Radiology.

Annual screening using MRI (in addition to mammography) is JJ

recommended by the American Cancer Society for women who:
Have a BRCA 1 or 2 mutationJJ

Have a first-degree relative with a BRCA 1 or 2 mutation and JJ

are untested
Have a lifetime risk of breast cancer of 20–25% or more JJ

using standard risk assessment models (BRCAPRO, Claus, 
Tyrer-Cuzick)
Received radiation treatment to the chest between ages 10 JJ

and 30, such as for Hodgkin’s Disease
Carry or have a first-degree relative who carries a genetic JJ

mutation in the TP53 or PTEN genes (Li-Fraumeni syndrome 
and Cowden and Bannayan-Riley-Ruvalcaba syndromes)

Saslow et al. 2007. Copyright 2007 American Cancer Society. This 
material is reproduced with the permission from Wiley-Liss, Inc.,  
a subsidiary of John Wiley & Sons, Inc.

diagnostic studies
Bilateral diagnostic mammography (including magnification JJ

and compression views as indicated).
Sensitivity and specificity JJ ³90%
Note masses, areas of architectural distortion, suspicious JJ

calcifications (calcs present in 85–90% of DCIS)
Postlumpectomy mammogram should be routinely obtained JJ

to rule out residual microcalcifications if mammographic 
presentation associated with malignant appearing calcifica-
tions (for both invasive and in situ disease)
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Ultrasound of breast (especially in young and/or dense breasts) JJ

and axilla.
Breast MRI is under investigation. Associated with high false-JJ

positive rates, but may have utility in select patients (i.e., inva-
sive lobular cancers, axillary adenopathy with occult breast 
primary, Paget’s disease without evidence of underlying tumor, 
assessing response to neoadjuvant chemotherapy, young 
women with dense breasts, and BRCA 1/2 mutation careers).

PAthoLogy
Ductal carcinoma in situ (DCIS) comprises 15–20% of all breast JJ

cancer
DCIS represents confinement of malignant cells within base-JJ

ment membrane
One-third of patients with DCIS develop invasive disease JJ

within 10 years
Mortality risk from DCIS JJ » 10% of recurrence risk after 
breast conserving surgery
Prognostic variables for DCIS include tumor size, margins, JJ

nuclear grade, necrosis, multifocality, and age
High-grade DCIS: tend to be continuous, 25% ER+JJ

Low-grade DCIS: increased multifocality and multicentric-JJ

ity, 90% ER +
Lobular carcinoma in situ (LCIS) is marker for bilateral breast JJ

cancer
Approximately 15% of in situ diseaseJJ

Approximately 20–25% lifetime risk for developing ipsilat-JJ

eral or contralateral cancer; risk dependent on age of diag-
nosis of LCIS
Often mammographically silentJJ

Usually ER/PR+ Her2neu−JJ

Twenty-two to twenty-six percent associated with DCIS or JJ

invasive disease, treat according to DCIS or invasive disease 
indications

Invasive (infiltrating) ductal carcinoma (IDCA) is the most JJ

common type of breast cancer (85% of invasive cases)
Invasive lobular carcinoma (ILCA) has prognosis similar to JJ

that of ductal carcinoma
Associated with increased risk of bilateral, multifocal breast JJ

cancer
E-cadherin distinguishes DCIS/IDCA (E-cadherin +) from LCIS/JJ

ILCA (E-cadherin−)
Tubular, medullary, and mucinous carcinomas generally have JJ

better prognosis
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Medullary carcinoma is typically high grade, and associated JJ

with BRCA1/2
Paget’s disease is nipple involvement associated with an under-JJ

lying cancer
Pathologically, tumor cells can be seen involving the JJ

epidermis
Treat per underlying tumor characteristics; not a contraindi-JJ

cation to breast conserving therapy (BCT), but the nipple-
areolar complex must be excised

Multicentricity is disease in multiple quadrants and is a con-JJ

traindication to BCT
Multifocality is multiple foci within same quadrant and is not JJ

a contraindication to BCT
Pathological status of axillary lymph nodes is the most impor-JJ

tant prognostic variable
T1–2: 10–40% pLN+JJ

Predictors for pLN+ status: size >1 cm, G2–3, high S-phase JJ

ratio, +LVSI
Risk of IMLN+ ranges from 1 to 10% if axilla pLN0 vs. 20–50% JJ

if axilla pLN+ based on older radical mastectomy series of 
locoregionally advanced disease

Risk of clinical IMLN failure in modern series is JJ £1%
Approximately 5% of sentinel lymph node biopsy (SLNB) JJ

procedures localize to IMLN as first echelon drainage
Extensive intraductal component (EIC) is defined as 25% or JJ

more of primary invasive tumor is DCIS, and DCIS is present 
in surrounding normal breast tissue

gEnE ExPRESSion PRofiLing And moLECuLAR SuBtyPES
Molecular subtypes approximated by receptor status include:JJ

JJ Luminal A: ER/PR+ Her2neu−
JJ Luminal B: ER/PR+ Her2neu +
JJ Basal like: ER/PR – Her2neu – (triple negative)
JJ Her2neu+: ER/PR – Her2neu +

Her2neu + amplification is a negative prognosticator in JJ

both mastectomy and BCT cohorts
Commercially available gene expression profiling assays JJ

include Oncotype Dx® and MammaPrint®

MammaPrintJJ
® predicts prognostic category (low vs. high 

risk) in terms of DMFS and OS in treated and untreated, ER 
positive and negative, and LN positive and negative patients. 
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Requires fresh-frozen tissue (and on-site) processing (van 
der Vijver and He 2002).
Oncotype DxJJ

® predicts prognostic category (low vs. interme-
diate vs. high risk) in terms of DMFS and OS and magnitude 
of chemotherapy benefit in tamoxifen treated, ER+, LN neg-
ative patients, and can assay a fixed specimen (obviating 
need for on-site testing).

WoRKuP
Breast cancer specific history including risk factors, gyneco-JJ

logic history, menopausal status, and general physical exam.
Breast exam (tumor size, satellites, skin/chest wall, nipple JJ

changes, symmetry).
Lymph node exam (axillary, supraclavicular/infraclavicular).JJ

Biopsy with estrogen and progesterone receptor studies; Her- JJ

2-neu status, ki-67.
CBC, blood chemistries, liver function labs.JJ

CXR.JJ

Breast imaging as above.JJ

Bone scan, head imaging (MRI preferred to CT), PET–CT when JJ

clinically indicated.
Careful histologic assessment of breast specimens.JJ

Consider ultrasound-guided FNA of suspicious nodes (espe-JJ

cially if neoadjuvant chemo considered).
cN0 axilla: 30% pN+JJ

cN+ axilla: 20–40% pN0JJ

Paik et al. 2004. Twenty-one gene assay (Oncotype DxJJ
®) of 

Tamoxifen alone arm of NASBP B-14 (below) was highly pre-
dictive for OS and DM, independent of tumor size or age. Ten-
year risk of recurrence for Tamoxifen-treated, ER+, pLN− tumors 
according to gene assay recurrence score (RS): <18 (low risk), 
6.8%; 18–30 (intermediate risk), 14.3%; ³31 (high risk), 30.5%.
Paik et al. JJ 2006. Analysis of 21-gene assay (Oncotype Dx®) RS 
for 651 ER+, pLN− patients treated with tamoxifen ± chemo-
therapy on NASBP B-20 (below). RS predicts magnitude of 
chemotherapy benefit in terms of 10-year distant recurrence 
rates, with largest benefit seen in high-RS patients, uncertain 
benefit in intermediate-risk patients, and small to no benefit 
in low-RS patient.



270 Handbook of EvidEncE-basEd Radiation oncology
S

t
A

g
in

g
 : 

B
R

E
A

S
t

 C
A

n
C

E
R

(A
JC

C
 6

t
h

 E
d

., 
20

02
)

P
ri

m
ar

y 
tu

m
o

r 
(t

)
T

X
: 

 P
ri

m
ar

y 
tu

m
or

 c
an

n
ot

 b
e 

as
se

ss
ed

T
0:

 
 N

o 
ev

id
en

ce
 o

f 
p

ri
m

ar
y 

tu
m

or
Ti

s:
 

 C
ar

ci
n

om
a 

in
 s

it
u

Ti
s 

(D
C

IS
):

 
 D

u
ct

al
 c

ar
ci

n
om

a 
in

 s
it

u
Ti

s 
(L

C
IS

):
 

 L
ob

u
la

r 
ca

rc
in

om
a 

in
 s

it
u

Ti
s 

(P
ag

et
’s)

: 
P

ag
et

’s 
d

is
ea

se
 o

f 
th

e 
n

ip
p

le
 w

it
h

 n
o 

tu
m

or
T

1:
 

Tu
m

or
 2

 c
m

 o
r 

le
ss

 i
n

 g
re

at
es

t 
d

im
en

si
on

 
T

1m
ic

: 
M

ic
ro

in
va

si
on

 0
.1

 c
m

 o
r 

le
ss

 i
n

 g
re

at
es

t 
d

im
en

si
on

 
T

1a
: 

 Tu
m

or
 m

or
e 

th
an

 0
.1

 c
m

, 
b

u
t 

n
ot

 m
or

e 
th

an
 0

.5
 c

m
 i

n
 

gr
ea

te
st

 d
im

en
si

on
 

T
1b

: 
 Tu

m
or

 m
or

e 
th

an
 0

.5
 c

m
, b

u
t 

n
ot

 m
or

e 
th

an
 1

 c
m

 i
n

 g
re

at
es

t 
d

im
en

si
on

 
T

1c
: 

 Tu
m

or
 m

or
e 

th
an

 1
 c

m
, 

b
u

t 
n

ot
 m

or
e 

th
an

 2
 c

m
 i

n
 g

re
at

es
t 

d
im

en
si

on
T

2:
 

 Tu
m

or
 

m
or

e 
th

an
 

2 
cm

, 
b

u
t 

n
ot

 
m

or
e 

th
an

 
5 

cm
 

in
 

gr
ea

te
st

 
d

im
en

si
on

T
3:

 
 Tu

m
or

 m
or

e 
th

an
 5

 c
m

 i
n

 g
re

at
es

t 
d

im
en

si
on

T
4:

 
 Tu

m
or

 o
f 

an
y 

si
ze

 w
it

h
 d

ir
ec

t 
ex

te
n

si
on

 t
o 

(a
) 

ch
es

t 
w

al
l 

or
 (

b
) 

sk
in

 
T

4a
: 

 E
xt

en
si

on
 t

o 
ch

es
t 

w
al

l, 
n

ot
 i

n
cl

u
d

in
g 

p
ec

to
ra

li
s 

m
u

sc
le

 
T

4b
: 

 E
d

em
a 

(i
n

cl
u

d
in

g 
p

ea
u

 d
’o

ra
n

ge
) 

or
 u

lc
er

at
io

n
 o

f 
th

e 
sk

in
 

of
 t

h
e 

b
re

as
t,

 o
r 

sa
te

ll
it

e 
sk

in
 n

od
u

le
s 

co
n

fi
n

ed
 t

o 
th

e 
sa

m
e 

b
re

as
t

 
T

4c
: 

B
ot

h
 T

4a
 a

n
d

 T
4b

 
T

4d
: 

In
fl

am
m

at
or

y 
ca

rc
in

om
a

R
eg

io
na

l l
ym

ph
 n

o
de

s 
(n

)
C

li
n

ic
al

N
X

: 
 R

eg
io

n
al

 l
ym

p
h

 n
od

es
 c

an
n

ot
 b

e 
as

se
ss

ed
 (

e.
g.

, p
re

vi
ou

sl
y 

re
m

ov
ed

)
N

0:
 

N
o 

re
gi

on
al

 l
ym

p
h

 n
od

e 
m

et
as

ta
si

s

(A
JC

C
 7

t
h

 E
d

., 
20

10
)

E
di

to
rs

’ n
ot

e:
 A

ll
 T

N
M

 s
ta

ge
 a

n
d

 s
ta

ge
 g

ro
u

p
s 

re
fe

rr
ed

 t
o 

el
se

w
h

er
e 

in
 t

h
is

 c
h

ap
te

r 
re

fl
ec

t 
th

e 
20

02
 A

JC
C

 s
ta

gi
n

g 
n

om
en

-
cl

at
u

re
 u

n
le

ss
 o

th
er

w
is

e 
n

ot
ed

 a
s 

th
e 

n
ew

 s
ys

te
m

 b
el

ow
 w

as
 p

u
b

li
sh

ed
 a

ft
er

 t
h

is
 c

h
ap

te
r 

w
as

 w
ri

tt
en

.

P
ri

m
ar

y 
tu

m
o

r 
(t

)
T

h
e 

T
 c

la
ss

if
ic

at
io

n
 o

f 
th

e 
p

ri
m

ar
y 

tu
m

or
 i

s 
th

e 
sa

m
e 

re
ga

rd
le

ss
 o

f 
w

h
et

h
er

 i
t 

is
 b

as
ed

 o
n

 c
li

n
ic

al
 o

r 
p

at
h

ol
og

ic
 c

ri
te

ri
a,

 o
r 

b
ot

h
. 

S
iz

e 
sh

ou
ld

 
b

e 
m

ea
su

re
d

 to
 th

e 
n

ea
re

st
 m

il
li

m
et

er
. I

f t
h

e 
tu

m
or

 s
iz

e 
is

 s
li

gh
tl

y 
le

ss
 th

an
 

or
 g

re
at

er
 t

h
an

 a
 c

u
t-

of
f 

fo
r 

a 
gi

ve
n

 T
 c

la
ss

if
ic

at
io

n
, 

it
 i

s 
re

co
m

m
en

d
ed

 
th

at
 t

h
e 

si
ze

 b
e 

ro
u

n
d

ed
 t

o 
th

e 
m

il
li

m
et

er
 r

ea
d

in
g 

th
at

 i
s 

cl
os

es
t 

to
 t

h
e 

cu
t-

of
f.

 F
or

 e
xa

m
p

le
, 

a 
re

p
or

te
d

 s
iz

e 
of

 1
.1

 m
m

 i
s 

re
p

or
te

d
 a

s 
1 

m
m

, 
or

 a
 

si
ze

 o
f 

2.
01

 c
m

 is
 r

ep
or

te
d

 a
s 

2.
0 

cm
. D

es
ig

n
at

io
n

 s
h

ou
ld

 b
e 

m
ad

e 
w

it
h

 t
h

e 
su

b
sc

ri
p

t 
“c

” 
or

 “
p

” 
m

od
if

ie
r 

to
 i

n
d

ic
at

e 
w

h
et

h
er

 t
h

e 
T

 c
la

ss
if

ic
at

io
n

 w
as

 
d

et
er

m
in

ed
 b

y 
cl

in
ic

al
 (

p
h

ys
ic

al
 e

xa
m

in
at

io
n

 o
r 

ra
d

io
lo

gi
c)

 o
r 

p
at

h
ol

og
ic

 
m

ea
su

re
m

en
ts

, 
re

sp
ec

ti
ve

ly
. 

In
 g

en
er

al
, 

p
at

h
ol

og
ic

 d
et

er
m

in
at

io
n

 s
h

ou
ld

 
ta

ke
 p

re
ce

d
en

ce
 o

ve
r 

cl
in

ic
al

 d
et

er
m

in
at

io
n

 o
f 

T
 s

iz
e.

T
X

: 
P

ri
m

ar
y 

tu
m

or
 c

an
n

ot
 b

e 
as

se
ss

ed
T

0:
 

N
o 

ev
id

en
ce

 o
f 

p
ri

m
ar

y 
tu

m
or

Ti
s:

 
C

ar
ci

n
om

a 
in

 s
it

u
Ti

s 
(D

C
IS

):
 

D
u

ct
al

 c
ar

ci
n

om
a 

in
 s

it
u

Ti
s 

(L
C

IS
):

 
L

ob
u

la
r 

ca
rc

in
om

a 
in

 s
it

u
Ti

s 
(P

ag
et

’s)
:  P

ag
et

’s 
d

is
ea

se
 o

f 
th

e 
n

ip
p

le
 n

ot
 a

ss
oc

ia
te

d
 w

it
h

 i
n

va
si

ve
 

ca
rc

in
om

a 
an

d
/o

r 
ca

rc
in

om
a 

in
 s

it
u

 (
D

C
IS

 a
n

d
/o

r 
L

C
IS

) 
in

 
th

e 
u

n
d

er
ly

in
g 

b
re

as
t 

p
ar

en
ch

ym
a.

 C
ar

ci
n

om
as

 i
n

 t
h

e 
b

re
as

t 
p

ar
en

ch
ym

a 
as

so
ci

at
ed

 w
it

h
 P

ag
et

’s 
d

is
ea

se
 a

re
 c

at
eg

or
iz

ed
 

b
as

ed
 o

n
 t

h
e 

si
ze

 a
n

d
 c

h
ar

ac
te

ri
st

ic
s 

of
 t

h
e 

p
ar

en
ch

ym
al

 
d

is
ea

se
, 

al
th

ou
gh

 t
h

e 
p

re
se

n
ce

 o
f 

P
ag

et
’s 

d
is

ea
se

 s
h

ou
ld

 s
ti

ll
 

b
e 

n
ot

ed
T

1:
 

Tu
m

or
 £

20
 m

m
 i

n
 g

re
at

es
t 

d
im

en
si

on
T

1m
i:

 T
u

m
or

 £
1 

m
m

 i
n

 g
re

at
es

t 
d

im
en

si
on

T
1a

: 
Tu

m
or

 >
1 

m
m

, b
u

t 
£5

 m
m

 i
n

 g
re

at
es

t 
d

im
en

si
on

T
1b

: 
Tu

m
or

 >
5 

m
m

, b
u

t 
£1

0 
m

m
 i

n
 g

re
at

es
t 

d
im

en
si

on
T

1c
: 

Tu
m

or
 >

10
 m

m
, b

u
t 
£2

0 
m

m
 i

n
 g

re
at

es
t 

d
im

en
si

on
T

2:
 

Tu
m

or
 >

20
 m

m
, b

u
t 
£5

0 
m

m
 i

n
 g

re
at

es
t 

d
im

en
si

on

co
nt

in
ue

d



271cHaptER 17: bREast cancER

V

co
nt

in
ue

d

N
1:

 
 M

et
as

ta
si

s 
to

 m
ov

ea
b

le
 i

p
si

la
te

ra
l 

ax
il

la
ry

 l
ym

p
h

 n
od

e(
s)

N
2:

 
 M

et
as

ta
se

s 
in

 i
p

si
la

te
ra

l 
ax

il
la

ry
 l

ym
p

h
 n

od
es

 f
ix

ed
 o

r 
m

at
te

d
, 

or
 i

n
 

cl
in

ic
al

ly
 a

p
p

ar
en

t 
ip

si
la

te
ra

l i
n

te
rn

al
 m

am
m

ar
y 

n
od

es
 in

 t
h

e 
ab

se
n

ce
 

of
 c

li
n

ic
al

ly
 e

vi
d

en
t 

ax
il

la
ry

 l
ym

p
h

 n
od

e 
m

et
as

ta
si

s
 

N
2a

: 
 M

et
as

ta
si

s 
in

 i
p

si
la

te
ra

l 
ax

il
la

ry
 l

ym
p

h
 n

od
es

 f
ix

ed
 t

o 
on

e 
an

ot
h

er
 (

m
at

te
d

) 
or

 t
o 

ot
h

er
 s

tr
u

ct
u

re
s

 
N

2b
: 

 M
et

as
ta

si
s 

in
 c

li
n

ic
al

ly
 a

p
p

ar
en

t i
p

si
la

te
ra

l i
n

te
rn

al
 m

am
m

ar
y 

n
od

es
 a

n
d

 i
n

 t
h

e 
ab

se
n

ce
 o

f 
cl

in
ic

al
ly

 e
vi

d
en

t 
ax

il
la

ry
 l

ym
p

h
 

n
od

e 
m

et
as

ta
si

s
N

3:
 

 M
et

as
ta

si
s 

in
 ip

si
la

te
ra

l i
n

fr
ac

la
vi

cu
la

r 
ly

m
p

h
 n

od
e(

s)
 w

it
h

 o
r 

w
it

h
ou

t 
ax

il
la

ry
 l

ym
p

h
 n

od
e 

in
vo

lv
em

en
t,

 o
r 

in
 c

li
n

ic
al

ly
 a

p
p

ar
en

t 
ip

si
la

te
ra

l 
in

te
rn

al
 m

am
m

ar
y 

ly
m

p
h

n
od

e(
s)

 a
n

d
 i

n
 t

h
e 

p
re

se
n

ce
 o

f 
cl

in
ic

al
ly

 
ev

id
en

t 
ax

il
la

ry
 l

ym
p

h
 n

od
e 

m
et

as
ta

si
s;

 o
r 

m
et

as
ta

si
s 

in
 i

p
si

la
te

ra
l 

su
p

ra
cl

av
ic

u
la

r 
ly

m
p

h
 n

od
e(

s)
 w

it
h

 o
r 

w
it

h
ou

t 
ax

il
la

ry
 o

r 
in

te
rn

al
 

m
am

m
ar

y 
ly

m
p

h
 n

od
e 

in
vo

lv
em

en
t

 
N

3a
: 

 M
et

as
ta

si
s 

in
 i

p
si

la
te

ra
l 

in
fr

ac
la

vi
cu

la
r 

ly
m

p
h

 n
od

e(
s)

 
N

3b
: 

 M
et

as
ta

si
s 

in
 i

p
si

la
te

ra
l 

in
te

rn
al

 m
am

m
ar

y 
ly

m
p

h
 n

od
e(

s)
 

an
d

 a
xi

ll
ar

y 
ly

m
p

h
 n

od
e(

s)
 

N
3c

: 
 M

et
as

ta
si

s 
in

 i
p

si
la

te
ra

l 
su

p
ra

cl
av

ic
u

la
r 

ly
m

p
h

 n
od

e(
s)

*C
li

n
ic

al
ly

 a
p

p
ar

en
t 

is
 d

ef
in

ed
 a

s 
d

et
ec

te
d

 b
y 

im
ag

in
g 

st
u

d
ie

s 
(e

xc
lu

d
in

g 
ly

m
p

h
os

ci
n

ti
gr

ap
h

y)
 

or
 

b
y 

cl
in

ic
al

 
ex

am
in

at
io

n
 

or
 

gr
o

ss
ly

 
vi

si
b

le
 

p
at

h
ol

og
ic

al
ly

.

P
at

h
ol

og
ic

 (
pN

)
p

N
X

: 
 R

eg
io

n
al

 l
ym

p
h

 n
od

es
 c

an
n

ot
 b

e 
as

se
ss

ed
 (

e.
g.

, 
p

re
vi

ou
sl

y 
re

m
ov

ed
, 

or
 n

ot
 r

em
ov

ed
 f

or
 p

at
h

ol
og

ic
 s

tu
d

y)
p

N
0:

 
 N

o 
re

gi
on

al
 

ly
m

p
h

 
n

od
e 

m
et

as
ta

si
s 

h
is

to
lo

gi
ca

ll
y,

 
n

o 
ad

d
it

io
n

al
 

ex
am

in
at

io
n

 f
or

 i
so

la
te

d
 t

u
m

or
 c

el
ls

 (
IT

C
)

 
p

N
0(

i−
):

 
 N

o 
re

gi
on

al
 ly

m
ph

 n
od

e 
m

et
as

ta
si

s 
h

is
to

lo
gi

ca
lly

, n
eg

at
iv

e 
IH

C
 

p
N

0(
i+

):
 

 N
o 

re
gi

on
al

 ly
m

p
h

 n
od

e 
m

et
as

ta
si

s 
h

is
to

lo
g i

ca
lly

, p
os

it
iv

e 
IH

C
, n

o 
IH

C
 c

lu
st

er
 g

re
at

er
 t

h
an

 0
.2

 m
m

 
p

N
0(

m
ol

−
):

  N
o 

re
gi

on
al

 ly
m

ph
 n

od
e 

m
et

as
ta

si
s 

h
is

to
lo

gi
 ca

lly
, n

eg
at

iv
e 

m
ol

ec
u

la
r 

fi
n

di
n

gs
 (

R
T-

P
C

R
)

 
p

N
0(

m
ol

+
):

  N
o 

re
gi

on
al

 ly
m

p
h

 n
od

e 
m

et
as

ta
si

s 
h

is
to

lo
gi

ca
ll

y,
 p

os
it

iv
e 

m
ol

ec
u

la
r 

fi
n

d
in

gs
 (

R
T-

P
C

R
)

T
3:

 
Tu

m
or

 >
50

 m
m

 i
n

 g
re

at
es

t 
d

im
en

si
on

T
4:

 
 Tu

m
or

 o
f 

an
y 

si
ze

 w
it

h 
di

re
ct

 e
xt

en
si

on
 t

o 
th

e 
ch

es
t 

w
al

l a
nd

/o
r 

to
 t

he
 

sk
in

 (
ul

ce
ra

ti
on

 o
r 

sk
in

 n
od

ul
es

).
 N

ot
e:

 I
nv

as
io

n 
of

 t
he

 d
er

m
is

 a
lo

ne
 

do
es

 n
ot

 q
ua

lif
y 

as
 T

4
 

T
4a

: 
 E

xt
en

si
on

 t
o 

th
e 

ch
es

t 
w

al
l, 

n
ot

 i
n

cl
u

d
in

g 
on

ly
 p

ec
to

ra
li

s 
m

u
sc

le
 a

d
h

er
en

ce
/i

n
va

si
on

 
T

4b
: 

 U
lc

er
at

io
n

 a
n

d/
or

 i
ps

ila
te

ra
l 

sa
te

lli
te

 n
od

u
le

s 
an

d/
or

 e
de

m
a 

(i
n

cl
u

di
n

g 
pe

au
 d

’o
ra

n
ge

) 
of

 t
h

e 
sk

in
, 

w
h

ic
h

 d
o 

n
ot

 m
ee

t 
th

e 
cr

it
er

ia
 f

or
 i

n
fl

am
m

at
or

y 
ca

rc
in

om
a

 
T

4c
: 

B
ot

h
 T

4a
 a

n
d

 T
4b

 
T

4d
: 

 In
fl

am
m

at
or

y 
ca

rc
in

om
a 

(s
ee

 “
R

u
le

s 
fo

r 
C

la
ss

if
ic

at
io

n
”)

P
o

st
tr

ea
tm

en
t 

yp
T.

 C
li

n
ic

al
 (

p
re

tr
ea

tm
en

t)
 T

 w
il

l 
b

e 
d

ef
in

ed
 b

y 
cl

in
ic

al
 

an
d

 r
ad

io
gr

ap
h

ic
 f

in
d

in
gs

, 
w

h
il

e 
y 

p
at

h
ol

og
ic

 (
p

os
tt

re
at

m
en

t)
 T

 w
il

l 
b

e 
d

et
er

m
in

ed
 b

y 
p

at
h

ol
og

ic
 s

iz
e 

an
d

 e
xt

en
si

on
.

T
h

e 
yp

T
 w

il
l 

b
e 

m
ea

su
re

d
 a

s 
th

e 
la

rg
es

t 
si

n
gl

e 
fo

cu
s 

of
 i

n
va

si
ve

 t
u

m
or

, 
w

it
h

 t
h

e 
m

od
if

ie
r 

“m
” 

in
d

ic
at

in
g 

m
u

lt
ip

le
 f

oc
i.

 T
h

e 
m

ea
su

re
m

en
t 

of
 t

h
e 

la
rg

es
t 

tu
m

or
 f

oc
u

s 
sh

ou
ld

 n
ot

 i
n

cl
u

d
e 

ar
ea

s 
of

 f
ib

ro
si

s 
w

it
h

in
 t

h
e 

tu
m

or
 

b
ed

. 
T

h
e 

in
cl

u
si

on
 o

f 
ad

d
it

io
n

al
 i

n
fo

rm
at

io
n

 i
n

 t
h

e 
p

at
h

ol
og

y 
re

p
or

t,
 

su
ch

 a
s 

th
e 

d
is

ta
n

ce
 o

ve
r 

w
h

ic
h

 t
u

m
or

 f
oc

i 
ex

te
n

d
, 

th
e 

n
u

m
b

er
 o

f 
tu

m
or

 
fo

ci
 p

re
se

n
t,

 o
r 

th
e 

n
u

m
b

er
 o

f 
sl

id
es

/b
lo

ck
s 

in
 w

h
ic

h
 t

u
m

or
 a

p
p

ea
rs

, m
ay

 
as

si
st

 t
h

e 
cl

in
ic

ia
n

 in
 e

st
im

at
in

g 
th

e 
ex

te
n

t 
of

 d
is

ea
se

. A
 c

om
p

ar
is

on
 o

f 
th

e 
ce

ll
u

la
ri

ty
 i

n
 t

h
e 

in
it

ia
l 

b
io

p
sy

 t
o 

th
at

 i
n

 t
h

e 
p

os
tt

re
at

m
en

t 
sp

ec
im

en
 m

ay
 

al
so

 a
id

 i
n

 t
h

e 
as

se
ss

m
en

t 
of

 r
es

p
on

se
.

N
ot

e 
: 

If
 a

 c
an

ce
r 

w
as

 d
es

ig
n

at
ed

 a
s 

in
fl

am
m

at
or

y 
b

ef
or

e 
n

eo
ad

ju
va

n
t 

ch
em

ot
h

er
ap

y,
 

th
e 

p
at

ie
n

t 
w

il
l 

b
e 

d
es

ig
n

at
ed

 
to

 
h

av
e 

in
fl

am
m

at
or

y 
b

re
as

t 
ca

n
ce

r 
th

ro
u

gh
ou

t,
 e

ve
n

 i
f 

th
e 

p
at

ie
n

t 
h

as
 c

om
p

le
te

 r
es

ol
u

ti
on

 o
f 

in
fl

am
m

at
or

y 
fi

n
d

in
gs

.

R
eg

io
na

l l
ym

ph
 n

o
de

s 
(n

)
C

li
n

ic
al

N
X

: 
 R

eg
io

n
al

 
ly

m
p

h
 

n
od

es
 

ca
n

n
ot

 
b

e 
as

se
ss

ed
 

(e
.g

., 
p

re
vi

ou
sl

y 
re

m
ov

ed
)

N
0:

 
 N

o 
re

gi
on

al
 l

ym
p

h
 n

od
e 

m
et

as
ta

se
s

N
1:

 
 M

et
as

ta
se

s 
to

 m
ov

ab
le

 i
p

si
la

te
ra

l 
le

ve
l 

I,
 I

I 
ax

il
la

ry
 l

ym
p

h
 n

od
e(

s)



272 Handbook of EvidEncE-basEd Radiation oncology
p

N
1:

 
 M

et
as

ta
si

s 
in

 1
–3

 a
xi

ll
ar

y 
ly

m
p

h
 n

od
es

, 
an

d
/o

r 
in

 i
n

te
rn

al
 m

am
m

ar
y 

n
od

es
 w

it
h

 m
ic

ro
sc

op
ic

 d
is

ea
se

 d
et

ec
te

d
 b

y 
se

n
ti

n
el

 l
ym

p
h

 n
od

e 
d

is
se

ct
io

n
, b

u
t 

n
ot

 c
li

n
ic

al
ly

 a
p

p
ar

en
t

 
p

N
1m

i:
 

 M
ic

ro
m

et
as

ta
si

s 
(g

re
at

er
 

th
an

 
0.

2 
m

m
, 

n
ot

 
gr

ea
te

r 
th

an
 

2.
0 

m
m

)
 

p
N

1a
: 

M
et

as
ta

si
s 

in
 1

–3
 a

xi
ll

ar
y 

ly
m

p
h

 n
od

es
 

p
N

1b
: 

 M
et

as
ta

si
s 

in
 i

n
te

rn
al

 m
am

m
ar

y 
n

od
es

 w
it

h
 m

ic
ro

sc
op

ic
 

d
is

ea
se

 d
et

ec
te

d
 b

y 
se

n
ti

n
el

 l
ym

p
h

 n
od

e 
d

is
se

ct
io

n
, 

b
u

t 
n

ot
 

cl
in

ic
al

ly
 a

p
p

ar
en

t
 

p
N

1c
: 

 M
et

as
ta

si
s 

in
 

1–
3 

ax
il

la
ry

 
ly

m
p

h
 

n
od

es
 

an
d

 
in

 
in

te
rn

al
 

m
am

m
ar

y 
n

od
es

 
w

it
h

 
m

ic
ro

sc
op

ic
 

d
is

ea
se

 
d

et
ec

te
d

 
b

y 
se

n
ti

n
el

 l
ym

p
h

 n
od

e 
d

is
se

ct
io

n
, 

b
u

t 
n

ot
 c

li
n

ic
al

ly
 a

p
p

ar
en

t.
 

(I
f 

as
so

ci
at

ed
 w

it
h

 g
re

at
er

 t
h

an
 t

h
re

e 
p

os
it

iv
e 

ax
il

la
ry

 l
ym

p
h

 
n

od
es

, t
h

e 
in

te
rn

al
 m

am
m

ar
y 

n
od

es
 a

re
 c

la
ss

if
ie

d
 a

s 
p

N
3b

 t
o 

re
fl

ec
t 

in
cr

ea
se

d
 t

u
m

or
 b

u
rd

en
)

p
N

2:
 

 M
et

as
ta

si
s 

in
 4

–9
 a

xi
ll

ar
y 

ly
m

p
h

 n
od

es
, 

or
 i

n
 c

li
n

ic
al

ly
 a

p
p

ar
en

t 
in

te
rn

al
 m

am
m

ar
y 

ly
m

p
h

 n
od

es
 in

 t
h

e 
ab

se
n

ce
 o

f 
ax

il
la

ry
 ly

m
p

h
 n

od
e 

m
et

as
ta

si
s

 
p

N
2a

: 
 M

et
as

ta
si

s 
in

 4
–9

 a
xi

ll
ar

y 
ly

m
p

h
 n

od
es

 (
at

 l
ea

st
 o

n
e 

tu
m

or
 

d
ep

os
it

 g
re

at
er

 t
h

an
 2

.0
 m

m
)

 
p

N
2b

: 
 M

et
as

ta
si

s 
in

 c
li

n
ic

al
ly

 a
p

p
ar

en
t 

in
te

rn
al

 m
am

m
ar

y 
ly

m
p

h
 

n
od

es
 i

n
 t

h
e 

ab
se

n
ce

 o
f 

ax
il

la
ry

 l
ym

p
h

 n
od

e 
m

et
as

ta
si

s
p

N
3:

 
 M

et
as

ta
si

s 
in

 t
en

 o
r 

m
or

e 
ax

il
la

ry
 l

ym
p

h
 n

od
es

, 
or

 i
n

 i
n

fr
ac

la
vi

cu
la

r 
ly

m
p

h
 n

od
es

, 
or

 i
n

 c
li

n
ic

al
ly

 a
p

p
ar

en
t 

ip
si

la
te

ra
l 

in
te

rn
al

 m
am

m
ar

y 
ly

m
p

h
 n

od
es

 i
n

 t
h

e 
p

re
se

n
ce

 o
f 

on
e 

or
 m

or
e 

p
os

it
iv

e 
ax

il
la

ry
 l

ym
p

h
 

n
od

es
; 

or
 i

n
 m

or
e 

th
an

 t
h

re
e 

ax
il

la
ry

 l
ym

p
h

 n
od

es
 w

it
h

 c
li

n
ic

al
ly

 
n

eg
at

iv
e 

m
ic

ro
sc

op
ic

 m
et

as
ta

si
s 

in
 i

n
te

rn
al

 m
am

m
ar

y 
ly

m
p

h
 n

od
es

; 
or

 i
n

 i
p

si
la

te
ra

l 
su

p
ra

cl
av

ic
u

la
r 

ly
m

p
h

 n
od

es
 

p
N

3a
: 

 M
et

as
ta

si
s 

in
 t

en
 o

r 
m

or
e 

ax
il

la
ry

 l
ym

p
h

 n
od

es
 (

at
 l

ea
st

 o
n

e 
tu

m
or

 d
ep

os
it

 g
re

at
er

 t
h

an
 2

.0
 m

m
),

 o
r 

m
et

as
ta

si
s 

to
 t

h
e 

in
fr

ac
la

vi
cu

la
r 

ly
m

p
h

 n
od

es
 

p
N

3b
: 

 M
et

as
ta

si
s 

in
 c

lin
ic

al
ly

 a
pp

ar
en

t 
ip

si
la

te
ra

l 
in

te
rn

al
 m

am
m

ar
y 

ly
m

ph
 n

od
es

 in
 th

e 
pr

es
en

ce
 o

f o
ne

 o
r 

m
or

e 
po

si
ti

ve
 a

xi
lla

ry
 ly

m
ph

 
no

de
s;

 o
r 

in
 m

or
e 

th
an

 t
hr

ee
 a

xi
lla

ry
 ly

m
ph

 n
od

es
 a

nd
 in

 in
te

rn
al

 
m

am
m

ar
y 

ly
m

ph
 n

od
es

 w
it

h 
m

ic
ro

sc
op

ic
 d

is
ea

se
 d

et
ec

te
d 

by
 

se
nt

in
el

 ly
m

ph
 n

od
e 

di
ss

ec
ti

on
, b

ut
 n

ot
 c

lin
ic

al
ly

 a
pp

ar
en

t
 

p
N

3c
: 

 M
et

as
ta

si
s 

in
 i

p
si

la
te

ra
l 

su
p

ra
cl

av
ic

u
la

r 
ly

m
p

h
 n

od
es

N
2:

 
 M

et
as

ta
se

s 
in

 i
ps

ila
te

ra
l 

le
ve

l 
I,

 I
I 

ax
ill

ar
y 

ly
m

ph
 n

od
es

 t
h

at
 a

re
 

cl
in

ic
al

ly
 f

ix
ed

 o
r 

m
at

te
d;

 o
r 

in
 c

lin
ic

al
ly

 d
et

ec
te

d*
 ip

si
la

te
ra

l i
n

te
rn

al
 

m
am

m
ar

y 
n

od
es

 i
n

 t
h

e 
ab

se
n

ce
 o

f 
cl

in
ic

al
ly

 e
vi

de
n

t 
ax

ill
ar

y 
ly

m
ph

 
n

od
e 

m
et

as
ta

se
s

 
N

2a
: 

 M
et

as
ta

se
s 

in
 i

p
si

la
te

ra
l l

ev
el

 I
, I

I 
ax

il
la

ry
 ly

m
p

h
 n

od
es

 f
ix

ed
 

to
 o

n
e 

an
ot

h
er

 (
m

at
te

d
) 

or
 t

o 
ot

h
er

 s
tr

u
ct

u
re

s
 

N
2b

: 
 M

et
as

ta
se

s 
on

ly
 i

n
 c

li
n

ic
al

ly
 d

et
ec

te
d

* 
ip

si
la

te
ra

l 
in

te
rn

al
 

m
am

m
ar

y 
n

od
es

 a
n

d
 in

 t
h

e 
ab

se
n

ce
 o

f 
cl

in
ic

al
ly

 e
vi

d
en

t 
le

ve
l 

I,
 I

I 
ax

il
la

ry
 l

ym
p

h
 n

od
e 

m
et

as
ta

se
s

N
3:

 
 M

et
as

ta
se

s 
in

 i
p

si
la

te
ra

l 
in

fr
ac

la
vi

cu
la

r 
(l

ev
el

 I
II

 a
xi

ll
ar

y)
 l

ym
p

h
 

n
od

e(
s)

 w
it

h
 o

r 
w

it
h

ou
t 

le
ve

l 
I,

 I
I 

ax
il

la
ry

 l
ym

p
h

 n
od

e 
in

vo
lv

em
en

t;
 

or
 

in
 

cl
in

ic
al

ly
 

d
et

ec
te

d
* 

ip
si

la
te

ra
l 

in
te

rn
al

 
m

am
m

ar
y 

ly
m

p
h

 
n

od
e(

s)
 

w
it

h
 

cl
in

ic
al

ly
 

ev
id

en
t 

le
ve

l 
I,

 
II

 
ax

il
la

ry
 

ly
m

p
h

 
n

od
e 

m
et

as
ta

se
s;

 
or

 
m

et
as

ta
se

s 
in

 
ip

si
la

te
ra

l 
su

p
ra

cl
av

ic
u

la
r 

ly
m

p
h

 
n

od
e(

s)
 w

it
h

 o
r 

w
it

h
ou

t 
ax

il
la

ry
 o

r 
in

te
rn

al
 m

am
m

ar
y 

ly
m

p
h

 n
od

e 
in

vo
lv

em
en

t
 

N
3a

: 
 M

et
as

ta
se

s 
in

 i
p

si
la

te
ra

l 
in

fr
ac

la
vi

cu
la

r 
ly

m
p

h
 n

od
e(

s)
 

N
3b

: 
 M

et
as

ta
se

s 
in

 i
p

si
la

te
ra

l 
in

te
rn

al
 m

am
m

ar
y 

ly
m

p
h

 n
od

e(
s)

 
an

d
 a

xi
ll

ar
y 

ly
m

p
h

 n
od

e(
s)

 
N

3c
: 

 M
et

as
ta

se
s 

in
 i

p
si

la
te

ra
l 

su
p

ra
cl

av
ic

u
la

r 
ly

m
p

h
 n

od
e(

s)

*N
ot

e 
: 

C
li

n
ic

al
ly

 
de

te
ct

ed
 

is
 

d
ef

in
ed

 
as

 
d

et
ec

te
d

 
b

y 
im

ag
in

g 
st

u
d

ie
s 

(e
xc

lu
d

in
g 

ly
m

p
h

os
ci

n
ti

gr
ap

h
y)

 o
r 

b
y 

cl
in

ic
al

 e
xa

m
in

at
io

n
 a

n
d

 h
av

in
g 

ch
ar

ac
te

ri
st

ic
s 

h
ig

h
ly

 s
u

sp
ic

io
u

s 
fo

r 
m

al
ig

n
an

cy
 o

r 
a 

p
re

su
m

ed
 p

at
h

ol
og

ic
 

m
ac

ro
m

et
as

ta
si

s 
b

as
ed

 o
n

 f
in

e 
n

ee
d

le
 a

sp
ir

at
io

n
 b

io
p

sy
 w

it
h

 c
yt

ol
og

ic
 

ex
am

in
at

io
n

. 
C

on
fi

rm
at

io
n

 o
f 

cl
in

ic
al

ly
 d

et
ec

te
d

 m
et

as
ta

ti
c 

d
is

ea
se

 b
y 

fi
n

e 
n

ee
d

le
 a

sp
ir

at
io

n
 w

it
h

ou
t 

ex
ci

si
on

 b
io

p
sy

 i
s 

d
es

ig
n

at
ed

 w
it

h
 a

n
 (

f)
 

su
ff

ix
, 

fo
r 

ex
am

p
le

, 
cN

3a
(f

).
 E

xc
is

io
n

al
 b

io
p

sy
 o

f 
a 

ly
m

p
h

 n
od

e 
or

 b
io

p
sy

 
of

 a
 s

en
ti

n
el

 n
od

e,
 i

n
 t

h
e 

ab
se

n
ce

 o
f 

as
si

gn
m

en
t 

of
 a

 p
T,

 i
s 

cl
as

si
fi

ed
 a

s 
a 

cl
in

ic
al

 N
, 

fo
r 

ex
am

p
le

, 
cN

1.
 I

n
fo

rm
at

io
n

 r
eg

ar
d

in
g 

th
e 

co
n

fi
rm

at
io

n
 o

f 
th

e 
n

od
al

 s
ta

tu
s 

w
il

l 
b

e 
d

es
ig

n
at

ed
 i

n
 s

it
e-

sp
ec

if
ic

 f
ac

to
rs

 a
s 

cl
in

ic
al

, 
fi

n
e 

n
ee

d
le

 a
sp

ir
at

io
n

, 
co

re
 b

io
p

sy
, 

or
 s

en
ti

n
el

 l
ym

p
h

 n
od

e 
b

io
p

sy
. 

P
at

h
ol

og
ic

 
cl

as
si

fi
ca

ti
on

 (
p

N
) 

is
 u

se
d

 f
or

 e
xc

is
io

n
 o

r 
se

n
ti

n
el

 ly
m

p
h

 n
od

e 
b

io
p

sy
 o

n
ly

 
in

 c
on

ju
n

ct
io

n
 w

it
h

 a
 p

at
h

ol
og

ic
 T

 a
ss

ig
n

m
en

t.

co
nt

in
ue

d



273cHaptER 17: bREast cancER

V

co
nt

in
ue

d

N
ot

e:
 

Is
ol

at
ed

 
tu

m
or

 
ce

ll
s 

(I
T

C
) 

ar
e 

d
ef

in
ed

 
as

 
si

n
gl

e 
tu

m
or

 
ce

ll
s 

or
 

sm
al

l 
ce

ll
 

cl
u

st
er

s 
n

ot
 

gr
ea

te
r 

th
an

 
0.

2 
m

m
, 

u
su

al
ly

 
d

et
ec

te
d

 
on

ly
 

b
y 

im
m

u
n

oh
is

to
ch

em
ic

al
 

(I
H

C
) 

or
 

m
ol

ec
u

la
r 

m
et

h
od

s,
 

b
u

t 
w

h
ic

h
 

m
ay

 
b

e 
ve

ri
fi

ed
 o

n
 H

&
E

 s
ta

in
s.

 I
T

C
s 

d
o 

n
ot

 u
su

al
ly

 s
h

ow
 e

vi
d

en
ce

 o
f 

m
al

ig
n

an
t 

ac
ti

vi
ty

, e
.g

., 
p

ro
li

fe
ra

ti
on

 o
r 

st
ro

m
al

 r
ea

ct
io

n
.

C
la

ss
if

ic
at

io
n

 i
s 

b
as

ed
 o

n
 a

xi
ll

ar
y 

ly
m

p
h

 n
od

e 
d

is
se

ct
io

n
 w

it
h

 o
r 

w
it

h
ou

t 
se

n
ti

n
el

 
ly

m
p

h
 

n
od

e 
d

is
se

ct
io

n
. 

C
la

ss
if

ic
at

io
n

 
so

le
ly

 
b

as
ed

 
on

 
se

n
ti

n
el

 
ly

m
p

h
 n

od
e 

d
is

se
ct

io
n

 w
it

h
ou

t 
su

b
se

qu
en

t 
ax

il
la

ry
 ly

m
p

h
 n

od
e 

d
is

se
ct

io
n

 is
 

d
es

ig
n

at
ed

 (
sn

) 
fo

r 
“s

en
ti

n
el

 n
od

e,
” 

e.
g.

, p
N

0(
i+

) 
(s

n
).

d
is

ta
nt

 m
et

as
ta

si
s 

(m
)

M
X

: 
D

is
ta

n
t 

m
et

as
ta

si
s 

ca
n

n
ot

 b
e 

as
se

ss
ed

M
0:

 
N

o 
d

is
ta

n
t 

m
et

as
ta

si
s

M
1:

 
D

is
ta

n
t 

m
et

as
ta

si
s

*R
u

le
s:

 
T

h
e 

p
at

h
ol

og
ic

 
tu

m
or

 
si

ze
 

is
 

a 
m

ea
su

re
 

of
 

on
ly

 
th

e 
in

va
si

ve
 

co
m

p
on

en
t.

 
F

or
 

m
u

lt
ip

le
 

ip
si

la
te

ra
l 

p
ri

m
ar

ie
s,

 
u

se
 

la
rg

es
t 

p
ri

m
ar

y 
to

 
d

es
ig

n
at

e 
T

 s
ta

ge
. 

D
o 

n
ot

 a
ss

ig
n

 s
ep

ar
at

e 
T

 s
ta

ge
 f

or
 s

m
al

le
r 

tu
m

or
. 

E
n

te
r 

in
to

 t
h

e 
re

co
rd

 t
h

at
 it

 is
 a

 c
as

e 
of

 m
u

lt
ip

le
 ip

si
la

te
ra

l p
ri

m
ar

ie
s.

 F
or

 b
il

at
er

al
 

d
is

ea
se

, e
ac

h
 p

ri
m

ar
y 

is
 s

ta
ge

d
 s

ep
ar

at
el

y.
 I

f s
u

rg
er

y 
oc

cu
rs

 a
ft

er
 n

eo
ad

ju
va

n
t 

ch
em

ot
h

er
ap

y,
 h

or
m

on
al

 t
h

er
ap

y,
 i

m
m

u
n

ot
h

er
ap

y,
 o

r 
ra

d
ia

ti
on

 t
h

er
ap

y,
 t

h
e 

p
re

fi
x 

“y
” 

sh
ou

ld
 b

e 
u

se
d

 w
it

h
 t

h
e 

T
N

M
 c

la
ss

if
ic

at
io

n
, e

.g
., 

yp
T

N
M

S
ta

ge
 g

ro
up

in
g

0:
 

Ti
sN

0M
0

I:
 

T
1N

0M
0

II
A

: 
T

2N
0M

0,
 T

0-
1N

1M
0

II
B

: 
T

3N
0M

0,
 T

2N
1M

0
II

IA
: 

T
3N

1M
0,

 T
0-

3N
2M

0
II

IB
: 

T
4N

0-
2M

0
II

IC
: 

A
n

y 
T,

 N
3 

M
0

IV
: 

A
n

y 
T,

 a
n

y 
N

, M
1

~5
-y

ea
r 

su
rv

iv
al

10
0%

98
%

88
%

76
%

56
%

49
%

16
%

U
se

d
 w

it
h

 t
h

e 
p

er
m

is
si

on
 f

ro
m

 t
h

e 
A

m
er

ic
an

 J
oi

n
t 

C
om

m
it

te
e 

on
 C

an
ce

r 
(A

JC
C

),
 C

h
ic

ag
o,

 I
L

. 
T

h
e 

or
ig

in
al

 s
ou

rc
e 

fo
r 

th
is

 m
at

er
ia

l 
is

 t
h

e 
A

JC
C

 
C

an
ce

r 
S

ta
gi

n
g 

M
an

u
al

, 
S

ix
th

 
E

d
it

io
n

 
(2

00
2)

, 
p

u
b

li
sh

ed
 

b
y 

S
p

ri
n

ge
r 

S
ci

en
ce

+
B

u
si

n
es

s 
M

ed
ia

.

P
at

ho
lo

gi
c 

(p
n

)*
p

N
X

: 
 R

eg
io

n
al

 ly
m

p
h

 n
od

es
 c

an
n

ot
 b

e 
as

se
ss

ed
 (

e.
g.

, p
re

vi
ou

sl
y 

re
m

ov
ed

, 
or

 n
ot

 r
em

ov
ed

 f
or

 p
at

h
ol

og
ic

 s
tu

d
y)

p
N

0:
  N

o 
re

gi
on

al
 l

ym
p

h
 n

od
e 

m
et

as
ta

si
s 

id
en

ti
fi

ed
 h

is
to

lo
gi

ca
ll

y

N
ot

e 
: 

Is
ol

at
ed

 t
u

m
or

 c
el

l 
cl

u
st

er
s 

(I
T

C
) 

ar
e 

d
ef

in
ed

 a
s 

sm
al

l 
cl

u
st

er
s 

of
 

ce
ll

s 
n

ot
 g

re
at

er
 t

h
an

 0
.2

 m
m

, 
or

 s
in

gl
e 

tu
m

or
 c

el
ls

, 
or

 a
 c

lu
st

er
 o

f 
fe

w
er

 
th

an
 2

00
 c

el
ls

 i
n

 a
 s

in
gl

e 
h

is
to

lo
gi

c 
cr

os
s-

se
ct

io
n

. 
IT

C
s 

m
ay

 b
e 

d
et

ec
te

d
 

b
y 

ro
u

ti
n

e 
h

is
to

lo
gy

 o
r 

b
y 

im
m

u
n

oh
is

to
ch

em
ic

al
 (

IH
C

) 
m

et
h

od
s.

 N
od

es
 

co
n

ta
in

in
g 

on
ly

 I
T

C
s 

ar
e 

ex
cl

u
d

ed
 f

ro
m

 t
h

e 
to

ta
l 

p
os

it
iv

e 
n

od
e 

co
u

n
t 

fo
r 

p
u

rp
os

es
 o

f 
N

 c
la

ss
if

ic
at

io
n

, 
b

u
t 

sh
ou

ld
 b

e 
in

cl
u

d
ed

 i
n

 t
h

e 
to

ta
l 

n
u

m
b

er
 

of
 n

od
es

 e
va

lu
at

ed
.

p
N

0(
i−

):
 

 N
o 

re
gi

on
al

 l
ym

p
h

 n
od

e 
m

et
as

ta
se

s 
h

is
to

lo
gi

ca
ll

y,
 n

eg
at

iv
e 

IH
C

p
N

0(
i+

):
 

 M
al

ig
n

an
t 

ce
ll

s 
in

 r
eg

io
n

al
 l

ym
p

h
 n

od
e(

s)
 n

o 
gr

ea
te

r 
th

an
 

0.
2 

m
m

 (
d

et
ec

te
d

 b
y 

H
&

E
 o

r 
IH

C
 i

n
cl

u
d

in
g 

IT
C

)
p

N
0(

m
ol

−
):

 
 N

o 
re

gi
on

al
 l

ym
p

h
 n

od
e 

m
et

as
ta

se
s 

h
is

to
lo

gi
ca

ll
y,

 n
eg

at
iv

e 
m

ol
ec

u
la

r 
fi

n
d

in
gs

 (
R

T-
P

C
R

)
p

N
0(

m
ol

+
):

 
 P

os
it

iv
e 

m
ol

ec
u

la
r 

fi
n

d
in

gs
 

(R
T-

P
C

R
),

 
**

b
u

t 
n

o 
re

gi
on

al
 

ly
m

p
h

 n
od

e 
m

et
as

ta
se

s 
d

et
ec

te
d

 b
y 

h
is

to
lo

gy
 o

r 
IH

C
p

N
1:

 
 M

ic
ro

m
et

as
ta

se
s;

 o
r 

m
et

as
ta

se
s 

in
 1

–3
 a

xi
ll

ar
y 

ly
m

p
h

 n
od

es
; 

an
d

/
or

 in
 in

te
rn

al
 m

am
m

ar
y 

n
od

es
 w

it
h

 m
et

as
ta

se
s 

d
et

ec
te

d
 b

y 
se

n
ti

n
el

 
ly

m
p

h
 n

od
e 

b
io

p
sy

, b
u

t 
n

ot
 c

li
n

ic
al

ly
 d

et
ec

te
d

**
*

p
N

1m
i:

 
 M

ic
ro

m
et

as
ta

se
s 

(g
re

at
er

 t
h

an
 0

.2
 m

m
 a

n
d

/o
r 

m
or

e 
th

an
 2

00
 

ce
ll

s,
 b

u
t 

n
on

e 
gr

ea
te

r 
th

an
 2

.0
 m

m
)

p
N

1a
:  M

et
as

ta
se

s 
in

 1
–3

 a
xi

ll
ar

y 
ly

m
p

h
 n

od
es

, 
at

 l
ea

st
 o

n
e 

m
et

as
ta

si
s 

gr
ea

te
r 

th
an

 2
.0

 m
m

p
N

1b
:  M

et
as

ta
se

s 
in

 i
n

te
rn

al
 m

am
m

ar
y 

n
od

es
 w

it
h

 m
ic

ro
m

et
as

ta
se

s 
or

 
m

ac
ro

m
et

as
ta

se
s 

d
et

ec
te

d
 b

y 
se

n
ti

n
el

 l
ym

p
h

 n
od

e 
b

io
p

sy
, 

b
u

t 
n

ot
 

cl
in

ic
al

ly
 d

et
ec

te
d

**
*

p
N

1c
:  M

et
as

ta
se

s 
in

 1
–3

 a
xi

ll
ar

y 
ly

m
p

h
 n

od
es

 a
n

d
 i

n
 i

n
te

rn
al

 m
am

m
ar

y 
ly

m
p

h
 n

od
es

 w
it

h
 m

ic
ro

m
et

as
ta

se
s 

or
 m

ac
ro

m
et

as
ta

se
s 

d
et

ec
te

d
 b

y 
se

n
ti

n
el

 l
ym

p
h

 n
od

e 
b

io
p

sy
, b

u
t 

n
ot

 c
li

n
ic

al
ly

 d
et

ec
te

d
p

N
2:

 
 M

et
as

ta
se

s 
in

 4
–9

 a
xi

ll
ar

y 
ly

m
p

h
 n

od
es

; o
r 

in
 c

li
n

ic
al

ly
 d

et
ec

te
d

**
**

 
in

te
rn

al
 m

am
m

ar
y 

ly
m

p
h

 n
od

es
 i

n
 t

h
e 

ab
se

n
ce

 o
f 

ax
il

la
ry

 l
ym

p
h

 
n

od
e 

m
et

as
ta

se
s



274 Handbook of EvidEncE-basEd Radiation oncology
 

p
N

2a
: 

 M
et

as
ta

se
s 

in
 4

–9
 a

xi
ll

ar
y 

ly
m

p
h

 n
od

es
 (

at
 l

ea
st

 o
n

e 
tu

m
or

 
d

ep
os

it
 g

re
at

er
 t

h
an

 2
.0

 m
m

)
 

p
N

2b
: 

 M
et

as
ta

se
s 

in
 

cl
in

ic
al

ly
 

d
et

ec
te

d
**

**
 

in
te

rn
al

 
m

am
m

ar
y 

ly
m

p
h

 
n

od
es

 
in

 
th

e 
ab

se
n

ce
 

of
 

ax
il

la
ry

 
ly

m
p

h
 

n
od

e 
m

et
as

ta
se

s
p

N
3:

 
 M

et
as

ta
se

s 
in

 te
n

 o
r 

m
or

e 
ax

il
la

ry
 ly

m
p

h
 n

od
es

; o
r 

in
 in

fr
ac

la
vi

cu
la

r 
(l

ev
el

 
II

I 
ax

il
la

ry
) 

ly
m

p
h

 
n

od
es

; 
or

 
in

 
cl

in
ic

al
ly

 
d

et
ec

te
d

**
**

 
ip

si
la

te
ra

l 
in

te
rn

al
 m

am
m

ar
y 

ly
m

p
h

 n
od

es
 i

n
 t

h
e 

pr
es

en
ce

 o
f 

on
e 

or
 m

or
e 

p
os

it
iv

e 
le

ve
l 

I,
 I

I 
ax

il
la

ry
 l

ym
p

h
 n

od
es

; 
or

 i
n

 m
or

e 
th

an
 

th
re

e 
ax

il
la

ry
 l

ym
p

h
 n

od
es

 a
n

d
 i

n
 i

n
te

rn
al

 m
am

m
ar

y 
ly

m
p

h
 n

od
es

 
w

it
h

 
m

ic
ro

m
et

as
ta

se
s 

or
 

m
ac

ro
m

et
as

ta
se

s 
d

et
ec

te
d

 
b

y 
se

n
ti

n
el

 
ly

m
p

h
 n

od
e 

b
io

p
sy

, 
b

u
t 

n
ot

 c
li

n
ic

al
ly

 d
et

ec
te

d
**

*;
 o

r 
in

 i
p

si
la

te
ra

l 
su

p
ra

cl
av

ic
u

la
r 

ly
m

p
h

 n
od

es
 

p
N

3a
: 

 M
et

as
ta

se
s 

in
 t

en
 o

r 
m

or
e 

ax
il

la
ry

 l
ym

p
h

 n
od

es
 (

at
 l

ea
st

 o
n

e 
tu

m
or

 d
ep

os
it

 g
re

at
er

 t
h

an
 2

.0
 m

m
);

 o
r 

m
et

as
ta

se
s 

to
 t

h
e 

in
fr

ac
la

vi
cu

la
r 

(l
ev

el
 I

II
 a

xi
ll

ar
y 

ly
m

p
h

) 
n

od
es

 
p

N
3b

: 
 M

et
as

ta
se

s 
in

 
cl

in
ic

al
ly

 
d

et
ec

te
d

**
**

 
ip

si
la

te
ra

l 
in

te
rn

al
 

m
am

m
ar

y 
ly

m
p

h
 

n
od

es
 

in
 

th
e 

pr
es

en
ce

 
of

 
on

e 
or

 
m

or
e 

p
os

it
iv

e 
ax

il
la

ry
 l

ym
p

h
 n

od
es

; o
r 

in
 m

or
e 

th
an

 t
h

re
e 

ax
il

la
ry

 
ly

m
p

h
 n

od
es

 a
n

d
 i

n
 i

n
te

rn
al

 m
am

m
ar

y 
ly

m
p

h
 n

od
es

 w
it

h
 

m
ic

ro
m

et
as

ta
se

s 
or

 m
ac

ro
m

et
as

ta
se

s 
d

et
ec

te
d

 b
y 

se
n

ti
n

el
 

ly
m

p
h

 n
od

e 
b

io
p

sy
, b

u
t 

n
ot

 c
li

n
ic

al
ly

 d
et

ec
te

d
**

*
 

p
N

3c
: 

 M
et

as
ta

se
s 

in
 i

p
si

la
te

ra
l 

su
p

ra
cl

av
ic

u
la

r 
ly

m
p

h
 n

od
es

N
ot

es
: 

*C
la

ss
if

ic
at

io
n

 i
s 

b
as

ed
 o

n
 a

xi
ll

ar
y 

ly
m

p
h

 n
od

e 
d

is
se

ct
io

n
 w

it
h

 o
r 

w
it

h
ou

t 
se

n
ti

n
el

 ly
m

p
h

 n
od

e 
b

io
p

sy
. C

la
ss

if
ic

at
io

n
 b

as
ed

 s
ol

el
y 

on
 s

en
ti

n
el

 
ly

m
p

h
 n

od
e 

b
io

p
sy

 w
it

h
ou

t 
su

b
se

qu
en

t 
ax

il
la

ry
 l

ym
p

h
 n

od
e 

d
is

se
ct

io
n

 i
s 

d
es

ig
n

at
ed

 (
sn

) 
fo

r 
“s

en
ti

n
el

 n
od

e,
” 

fo
r 

ex
am

p
le

, p
N

0(
sn

).
**

R
T-

P
C

R
: r

ev
er

se
 t

ra
n

sc
ri

p
ta

se
/p

ol
ym

er
as

e 
ch

ai
n

 r
ea

ct
io

n
.

**
*“

N
ot

 c
li

n
ic

al
ly

 d
et

ec
te

d
” 

is
 d

ef
in

ed
 a

s 
n

ot
 d

et
ec

te
d

 b
y 

im
ag

in
g 

st
u

d
ie

s 
(e

xc
lu

d
in

g 
ly

m
p

h
os

ci
n

ti
gr

ap
h

y)
 o

r 
n

ot
 d

et
ec

te
d

 b
y 

cl
in

ic
al

 e
xa

m
in

at
io

n
.

**
**

“C
li

n
ic

al
ly

 
d

et
ec

te
d

” 
is

 
d

ef
in

ed
 

as
 

d
et

ec
te

d
 

b
y 

im
ag

in
g 

st
u

d
ie

s 
(e

xc
lu

d
in

g 
ly

m
p

h
os

ci
n

ti
gr

ap
h

y)
 o

r 
b

y 
cl

in
ic

al
 e

xa
m

in
at

io
n

 a
n

d
 h

av
in

g 
ch

ar
ac

te
ri

st
ic

s 
h

ig
h

ly
 s

u
sp

ic
io

u
s 

fo
r 

m
al

ig
n

an
cy

 o
r 

a 
p

re
su

m
ed

 p
at

h
ol

og
ic

 
m

ac
ro

m
et

as
ta

si
s 

b
as

ed
 o

n
 f

in
e 

n
ee

d
le

 a
sp

ir
at

io
n

 b
io

p
sy

 w
it

h
 c

yt
ol

og
ic

 
ex

am
in

at
io

n
.

co
nt

in
ue

d



275cHaptER 17: bREast cancER

V

co
nt

in
ue

d

Po
st

tr
ea

tm
en

t 
yp

n
P

os
tt

re
at

m
en

t 
yp

 “
N

” 
sh

ou
ld

 b
e 

ev
al

u
at

ed
 a

s 
fo

r 
cl

in
ic

al
 (

p
re

tr
ea

tm
en

t)
 

“N
” 

m
et

h
od

s 
ab

ov
e.

 T
h

e 
m

od
if

ie
r 

“s
n

” 
is

 u
se

d
 o

n
ly

 i
f 

a 
se

n
ti

n
el

 n
od

e 
ev

al
u

at
io

n
 w

as
 p

er
fo

rm
ed

 a
ft

er
 t

re
at

m
en

t.
 I

f 
n

o 
su

b
sc

ri
p

t 
is

 a
tt

ac
h

ed
, i

t 
is

 
as

su
m

ed
 t

h
at

 t
h

e 
ax

il
la

ry
 n

od
al

 e
va

lu
at

io
n

 w
as

 b
y 

ax
il

la
ry

 n
od

e 
d

is
se

ct
io

n
 

(A
N

D
).

T
h

e 
X

 c
la

ss
if

ic
at

io
n

 w
il

l 
b

e 
u

se
d

 (
yp

N
X

) 
if

 n
o 

yp
 p

os
tt

re
at

m
en

t 
S

N
 o

r 
A

N
D

 w
as

 p
er

fo
rm

ed
N

 c
at

eg
or

ie
s 

ar
e 

th
e 

sa
m

e 
as

 t
h

os
e 

u
se

d
 f

or
 p

N
.

d
is

ta
nt

 m
et

as
ta

se
s 

(m
)

M
0:

 
 N

o 
cl

in
ic

al
 o

r 
ra

d
io

gr
ap

h
ic

 e
vi

d
en

ce
 o

f 
d

is
ta

n
t 

m
et

as
ta

se
s

cM
0(

i+
):

 
 N

o 
cl

in
ic

al
 o

r 
ra

di
og

ra
ph

ic
 e

vi
de

n
ce

 o
f 

di
st

an
t 

m
et

as
ta

se
s,

 
b

u
t 

d
ep

os
it

s 
of

 
m

ol
ec

u
la

rl
y 

or
 

m
ic

ro
sc

op
ic

al
ly

 
de

te
ct

ed
 

tu
m

or
 

ce
lls

 
in

 
ci

rc
u

la
ti

n
g 

bl
oo

d,
 

bo
n

e 
m

ar
ro

w
, 

or
 

ot
h

er
 

n
on

re
gi

on
al

 n
od

al
 t

is
su

e 
th

at
 a

re
 n

o 
la

rg
er

 t
h

an
 0

.2
 m

m
 i

n
 a

 
pa

ti
en

t 
w

it
h

ou
t 

sy
m

pt
om

s 
or

 s
ig

n
s 

of
 m

et
as

ta
se

s
M

1:
 

 D
is

ta
n

t 
d

et
ec

ta
b

le
 

m
et

as
ta

se
s 

as
 

d
et

er
m

in
ed

 
b

y 
cl

as
si

c 
cl

in
ic

al
 

an
d

 r
ad

io
gr

ap
h

ic
 m

ea
n

s 
an

d
/o

r 
h

is
to

lo
gi

ca
ll

y 
p

ro
ve

n
 l

ar
ge

r 
th

an
 

0.
2 

m
m

P
o

st
tr

ea
tm

en
t 

yp
 M

 c
la

ss
if

ic
at

io
n

. 
T

h
e 

M
 c

at
eg

or
y 

fo
r 

p
at

ie
n

ts
 t

re
at

ed
 

w
it

h
 n

eo
ad

ju
va

n
t 

th
er

ap
y 

is
 t

h
e 

ca
te

go
ry

 a
ss

ig
n

ed
 i

n
 t

h
e 

cl
in

ic
al

 s
ta

ge
, 

p
ri

or
 t

o 
th

e 
in

it
ia

ti
on

 o
f 

n
eo

ad
ju

va
n

t 
th

er
ap

y.

Id
en

ti
fi

ca
ti

o
n

 
o

f 
d

is
ta

n
t 

m
et

as
ta

se
s 

af
te

r 
th

e 
st

ar
t 

o
f 

th
er

ap
y 

in
 

ca
se

s 
w

h
er

e 
p

re
th

er
ap

y 
ev

al
u

at
io

n
 

sh
ow

ed
 

n
o 

m
et

as
ta

se
s 

is
 

co
n

si
d

er
ed

 p
ro

gr
es

si
on

 o
f 

d
is

ea
se

. 
If

 a
 p

at
ie

n
t 

w
as

 d
es

ig
n

at
ed

 t
o 

h
av

e 
d

et
ec

ta
b

le
 d

is
ta

n
t 

m
et

as
ta

se
s 

(M
1)

 b
ef

or
e 

ch
em

ot
h

er
ap

y,
 t

h
e 

p
at

ie
n

t 
w

il
l 

b
e 

d
es

ig
n

at
ed

 a
s 

M
1 

th
ro

u
gh

ou
t.

A
na

to
m

ic
 s

ta
ge

/p
ro

gn
o

st
ic

 g
ro

up
s

0:
 

 Ti
s 

N
0 

M
0

IA
: 

T
1*

 N
0 

M
0

IB
: 

T
0 

N
1m

i 
M

0
 

T
1 

* 
N

1m
i 

M
0

II
A

: 
T

0 
N

1*
* 

M
0

 
T

1 
* 

N
1 

**
 M

0
 

T
2 

N
0 

M
0



276 Handbook of EvidEncE-basEd Radiation oncology
II

B
: 

T
2 

N
1 

M
0

 
T

3 
N

0 
M

0
II

IA
: 

T
0 

N
2 

M
0

 
T

1 
* 

N
2 

M
0

 
T

2 
N

2 
M

0
 

T
3 

N
1 

M
0

 
T

3 
N

2 
M

0
II

IB
: 

T
4 

N
0 

M
0

 
T

4 
N

1 
M

0
 

T
4 

N
2 

M
0

II
IC

: 
A

n
y 

T
 N

3 
M

0
IV

: 
A

n
y 

T
 A

n
y 

N
 M

1

N
ot

es
: *

 T
1 

in
cl

u
d

es
 T

1m
i

**
 T

0 
an

d
 T

1 
tu

m
or

s 
w

it
h

 n
od

al
 m

ic
ro

m
et

as
ta

se
s 

on
ly

 a
re

 e
xc

lu
d

ed
 f

ro
m

 
S

ta
ge

 I
IA

 a
n

d
 a

re
 c

la
ss

if
ie

d
 S

ta
ge

 I
B

• 
M

0 
in

cl
u

d
es

 M
0(

i+
)

• 
 T

h
e 

d
es

ig
n

at
io

n
 p

M
0 

is
 n

ot
 v

al
id

; a
n

y 
M

0 
sh

ou
ld

 b
e 

cl
in

ic
al

• 
 If

 a
 p

at
ie

n
t 

p
re

se
n

ts
 w

it
h

 M
1 

p
ri

or
 t

o 
n

eo
ad

ju
va

n
t 

sy
st

em
ic

 t
h

er
ap

y,
 

th
e 

st
ag

e 
is

 c
on

si
d

er
ed

 S
ta

ge
 I

V
 a

n
d

 r
em

ai
n

s 
S

ta
ge

 I
V

 r
eg

ar
d

le
ss

 o
f 

re
sp

on
se

 t
o 

n
eo

ad
ju

va
n

t 
th

er
ap

y
• 

 S
ta

ge
 d

es
ig

n
at

io
n

 m
ay

 b
e 

ch
an

ge
d 

if
 p

os
ts

u
rg

ic
al

 im
ag

in
g 

st
u

di
es

 r
ev

ea
l 

th
e 

pr
es

en
ce

 o
f 

di
st

an
t 

m
et

as
ta

se
s,

 p
ro

vi
de

d 
th

at
 t

h
e 

st
u

di
es

 a
re

 c
ar

ri
ed

 
ou

t 
w

it
h

in
 4

 m
on

th
s 

of
 d

ia
gn

os
is

 i
n

 t
h

e 
ab

se
n

ce
 o

f 
di

se
as

e 
pr

og
re

ss
io

n
 

an
d 

pr
ov

id
ed

 t
h

at
 t

h
e 

pa
ti

en
t 

h
as

 n
ot

 r
ec

ei
ve

d 
n

eo
ad

ju
va

n
t 

th
er

ap
y

• 
 P

os
tn

eo
ad

ju
va

n
t 

th
er

ap
y 

is
 d

es
ig

n
at

ed
 w

it
h

 “
yc

” 
or

 “
yp

” 
p

re
fi

x.
 O

f 
n

ot
e,

 
n

o 
st

ag
e 

gr
ou

p
 i

s 
as

si
gn

ed
 i

f 
th

er
e 

is
 a

 c
om

p
le

te
 p

at
h

ol
og

ic
 r

es
p

on
se

 
(C

R
) 

to
 n

eo
ad

ju
va

n
t 

th
er

ap
y,

 f
or

 e
xa

m
p

le
, y

p
T

0y
p

N
0c

M
0

U
se

d
 w

it
h

 t
h

e 
p

er
m

is
si

on
 f

ro
m

 t
h

e 
A

m
er

ic
an

 J
oi

n
t 

C
om

m
it

te
e 

on
 C

an
ce

r 
(A

JC
C

),
 C

h
ic

ag
o,

 I
L

. 
T

h
e 

or
ig

in
al

 s
ou

rc
e 

fo
r 

th
is

 m
at

er
ia

l 
is

 t
h

e 
A

JC
C

 
C

an
ce

r 
S

ta
gi

n
g 

M
an

u
al

, 
S

ev
en

th
 E

d
it

io
n

 (
20

10
),

 p
u

b
li

sh
ed

 b
y 

S
p

ri
n

ge
r 

S
ci

en
ce

+
B

u
si

n
es

s 
M

ed
ia

.

co
nt

in
ue

d



277cHaptER 17: bREast cancER

V

tREAtmEnt RECommEndAtionS

SuRgiCAL ConSidERAtionS
Breast conservation surgery (BCS) may consist of (in order of JJ

decreasing tissue removed): quadrantectomy, wide excision, 
lumpectomy (local excision).
Variations of mastectomy.JJ

Radical mastectomy: removal of breast, pectoralis minor and JJ

major muscles, axillary LN dissection (ALND) (levels I–III)
Modified radical mastectomy: removal of breast to the level JJ

of pectoralis minor muscle, ALND (levels I–II), pectoralis 
major is spared
Total (simple) mastectomy: removal of breast to the level of JJ

pectoralis minor muscle with no lymph node dissection
Skin sparing mastectomy preserves skin of breast for JJ

enhanced reconstructive cosmetic outcomes
Total skin sparing mastectomy preserves skin and nipple/JJ

areolar complex for enhanced reconstructive outcome
Reconstructive options postmastectomy include delayed vs. JJ

immediate, and autologous tissue vs. expander/implant.
Surgical evaluation/treatment of axilla:JJ

Axillary LN dissection (ALND)JJ

Level I/II axillary node dissection performed with modified JJ

radical mastectomy 

JJ NSABP B-04 (NEJM 2002): 1,079 patients with clinically nega-
tive axillary LN randomized to 1 of 3 arms: radical mastectomy 
vs. total mastectomy (TM) without axillary dissection but with 
post-op RT vs. total mastectomy plus axillary dissection if LN 
pathologically positive. Also 586 patients with clinically + axil-
lary LN randomized to 1 of 2 arms (radical mastectomy vs. 
total mastectomy without axillary dissection but with post-op 
RT). No systemic therapy. At 25-year follow-up, no significant 
differences in DFS, or OS among the three groups of patients 
with clinically negative LN or the two groups of patients with 
clinically + LN. The use of systemic therapy in modern cohorts 
likely alters patterns of distant vs. LR recurrence, increasing 
the need for LR control. Approximately 40% of cN0 patients 
were found to be pLN+ after ALND. Among cN0 patients, axil-
lary failure was <4% if addressed surgically or with RT vs. 19% 
in TM alone arm.
Louis-Sylvestre, C (Louis-Sylvestre et al. JJ 2004): 658 cN0 
patients with <3 cm primary randomized to ALND or axillary 

continued
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Sentinel lymph node biopsy (SLNbx) has replaced ALND for JJ

the clinically negative axilla
Performed with injection of radiotracer and/or methylene JJ

blue dye into breast skin and/or tumor
False negative rate is similar to ALND (~2–12%) and likely JJ

not increased with neoadjuvant chemotherapy (Buchholz 
et al. 2008)
Completion of ALND indicated in the case of involved SLNB JJ

(controversial in case of pN1mi+ or low risk disease, nomo-
grams can be used to assess risk for nonsentinel node posi-
tivity and ALND may be omitted if <10% risk: http://www.
mskcc.org/mskcc/html/15938.cfm)

RT. All had wide excision of primary and breast RT, and <10% 
had systemic therapy. Twenty-one percent of the patients in 
the axillary dissection group were pN+. Five-year survival 
benefit in ALND group, but identical OS at 15 years (73.8 vs. 
75.5%). Decreased isolated axillary recurrences in ALND 
group at 15 years (1 vs. 3%; p = 0.04). No difference in breast, 
supraclavicular, and distant recurrence.

JJ NSABP B-32 (Cancer Oncology 2007): Randomized trial of 
SLNbx (with ALND if +) vs. upfront ALND. SLNbx had an 
overall accuracy of 97.1%, false negative rate of 9.8%, and 
negative predictive value of 96.1%. Only 1.4% of SLN speci-
mens were outside of axillary levels I and II. Survival and 
recurrence outcomes pending.
Kim (Kim et al. JJ 2006). Metaanalysis of 69 trials of SLNbx. 
Average false negative rate of 7.3%. Forty-eight percent nonsen-
tinel node positivity in setting of positive sentinel lymph nodes.

SyStEmiC thERAPy
JJ Chemotherapy has traditionally been delivered in the adjuvant 
setting.

Generally recommended for >1 cm tumors or node positive JJ

disease.
Consider for all triple negative tumors, given high rates of recur-JJ

rence and lack of options for targeted or endocrine therapies.
The omission of chemotherapy in LN− ER+ tumors treated JJ

with hormonal therapy, and an intermediate Oncotype Dx® 
RS (11–25) is investigational and is the subject of an ongoing 
phase III (Tailor Rx) trial.

http://www.mskcc.org/mskcc/html/15938.cfm
http://www.mskcc.org/mskcc/html/15938.cfm
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Adjuvant chemotherapy reduces LR after lumpectomy + RT.JJ

Anthracycline (doxorubicin)-based regiments (± taxanes for JJ

high-risk disease) have been associated with superior out-
comes as compared to nonanthracyclin containing regimens.
Recent evidence suggests increased DFS and OS with tax-JJ

ane-based therapy as compared to anthracyclin-based ther-
apy (USOT 9735, Jones et al. 2009).
Agents: CMF (lowest incidence of alopecia)= cyclophosph-JJ

amide, methotrexate, and 5-fluorouracil; FAC = 5-fluoroura-
cil, adriamycin, cyclophosphamide; AC= adriamycin and 
cyclophosphamide; AC-Taxol= AC followed by paclitaxel; 
TAC= taxotere (docetaxel), adriamycin, and cyclophosph-
amide; FEC = 5-fluorouracil, epirubicin, and cyclophosph-
amide; TC= taxotere and cyclophosphamide.
Dose-dense regimens may have increased efficacy in high-JJ

risk patients.

continued

JJ EBCTCG chemo/HT (2005a). Metaanalysis of 194 randomized 
trials with ~150,000 women. Approximately 6 months of 
anthracycline-based polychemotherapy reduced annual breast 
cancer death rate by 38% for women <50 years (15-year abso-
lute gain: 10/15% for LN−/LN+) and by 20% for women 50–69 
years (15-year absolute gain: 5/6% for LN−/LN+). Anthracycline 
regimens were significantly more effective than CMF chemo. 
Tamoxifen × 5 years for ER+ (any age) reduced annual breast 
cancer death rate by 31% (5-year absolute gains: without 
chemo 12%, in addition to chemo 11%, <50 years 10%, ³50 
years 12%, LN− 9%, LN+ 16%). Five-year tamoxifen signifi-
cantly better than 1–2 years of tamoxifen.

JJ NSABP B-20 (Fisher et al. 2004): 2,306 patients status post sur-
gery with pathologically LN−, ER+ breast ca randomized to 
tamoxifen alone vs. tamoxifen + MF chemotherapy vs. tamox-
ifen + CMF chemotherapy. The addition of chemotherapy to 
tamox ifen improved 12-year DFS (HR = 0.52) and OS (HR = 0.78, 
p = 0.068).

JJ NSABP-B28 (Mamounas et al. 2005): 3,060 LN+ patients ran-
domized to AC × 4 ± Paclitaxel. Addition of taxane improved 
5-year DFS (72→76%) and LRR, despite delay of RT (9.7 vs. 
3.7%).

JJ CALGB 9344 (Sartor et al. 2005; Henderson et al. 2003) 3 × 2 
randomization: Standard dose AC vs. dose escalation of doxo-
rubicin ± sequential addition of paclitaxel. The sequential 



280 Handbook of EvidEncE-basEd Radiation oncology

JJ Neoadjuvant chemotherapy is considered standard of care in 
high-risk populations such as young patients and/or advanced-
stage disease, and has been evaluated in Stage II–IIIa breast 
cancer in randomized trials.

Typically, similar indications as adjuvant chemotherapyJJ

Advantages of neoadjuvant chemotherapy: assessment of JJ

disease response, increased rate of BCT
Neoadjuvant chemotherapy converts 20–30% of patients ini-JJ

tially ineligible for BCT to eligible
Complete clinical (cCR) and pathological response rates JJ

(pCR) depend on initial extent of disease
For advanced-stage disease, 20–40% achieve cCR after neo-JJ

adjuvant chemotherapy and 10–20% achieve pCR
Clinical response frequently does not correlate with patho-JJ

logical response
Approximately 1/3 with a cCR found to have pathological  –
residual disease.
If Initially cLN+, full ALND should be considered regard- –
less of response to neoadjuvant chemo
Diminished response noted in ER+, low grade, or invasive  –
lobular cancers

addition of adjuvant paclitaxel to AC for LN+ patients 
improves DFS and OS vs. adjuvant AC alone, and further 
improves 5-year LRC in patients treated with BCS+RT despite 
delaying RT delivery. No DFS or OS improvement with dose 
escalation of doxorubicin.

JJ CALGB 9741 (Citron et al. 2003). Four arm randomized trial: 
sequential vs. concurrent addition of paclitaxel (T) to AC che-
motherapy, every 3 weeks vs. every 2 week (dose dense) dos-
ing. Increased 4-year DFS with dose-dense chemo (82 vs. 75%), 
no difference between sequential or concurrent delivery.

JJ USOT (Jones et al. 2009): 1,016 Stage I–III patients random-
ized to AC × 4 vs. TCx4. With a median of 7-year follow-up, TC 
improved DFS (81 vs. 75%) and OS (87% TC v 82). TC 
improved outcomes regardless of age, hormone receptor, or 
HER2 expression status.

JJ NSABP B-18 (J Natl Cancer Inst Monogr 2001; Rastogi et al. 
2008): 1,523 patients with breast ca randomized to AC chemo 
× 4 pre-op vs. AC chemo × 4 post-op. At 9-year follow-up, no 
significant difference in DFS, DM-free survival, or OS. Patients 

continued
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JJ Trastuzumab (Herceptin), a humanized monoclonal antibody for 
HER2/neu, indicated for patients with HER2 overexpression

IV administration concurrent with nonanthracycline chemo JJ

and for  1-year postchemo
Concurrent administration with anthracyclines contraindi-JJ

cated given synergistic cardiac toxicity
Concurrent administration with left-sided RT does not JJ

appear to increase cardiac risk

assigned to pre-op group underwent more BCT than post-op 
patients (60–80%), especially among patients with tumors 
>5 cm at study entry. Neoadjuvant chemo associated with 
increased LR post-BCS vs. mastectomy (10.7 vs. 7.6%). LR 
increased twofold if planned mastectomy was changed to 
BCS postneoadjuvant chemo as compared to preplanned BCS 
(15.7 vs. 9.6%).
Kuerer (Kuerer et al. JJ 1999). Retrospective review of 372 
patients with locally advanced breast cancer treated with neo-
adjuvant AC × 4. With median follow-up 58 months, 12% of 
patients had a pCR in both primary tumor and axillary nodes. 
Five-year OS was significantly higher in patients with a pCR 
vs. those with less than pCR (89 vs. 64%).

JJ Metaanalysis of neoadjuvant chemotherapy (Mieog et al. 
2007): Fourteen studies randomizing 5,500 patients. 
Equivalent OS and LRC when excluding neoadjuvant trials 
that omitted surgery. Lower mastectomy rates (relative risk 
0.71) and chemotherapy-induced infectious and cardiac tox-
icity with neo adjuvant chemotherapy.

JJ NSABP B-31 & NCCTG N9831 (Romond et al. 2005): 3,351 
patients with resected LN+ or high-risk LN−, HER2+ breast can-
cer randomized to ACT chemo (doxorubicin, cyclophosphamide, 
and paclitaxel) vs. chemo + trastuzumab (ACT-H). Trastuzumab 
increased 3-year DFS (75→87%) and OS (92→94%), but was 
associated with increased risk of heart failure or cardiac death 
(3–4%).

JJ HERA BIG 01-01 (Piccart-Gebhart et al. 2005): 5,090 patients 
status postsurgery ± RT and neoadjuvant or adjuvant chemo 
± HT (if ER/PR+) with HER2 overexpression randomized to 
observation, 1-year trastuzumab (q3 week), or 2-year trastu-
zumab. On interim analysis, trastuzumab × 1 year improved 
2-year DFS (77→86%), but no difference in OS (95–96%).
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JJ Adjuvant hormonal therapy generally recommended for all 
ER-positive tumors.
The need for complete ovarian suppression/ablation in pre-JJ

menopausal women is currently under investigation.
SERMS (e.g., tamoxifen) indicated for both pre and postmeno-JJ

pausal women.
Associated with increased bone mineral density, hot flashes,  –
increased risk of thromboembolic disease, and endometrial 
proliferation/uterine cancer

Aromatase inhibitors (AI) indicated for postmenopausal JJ

patients, preceding or in place of SERMS, and have shown 
increased efficacy as compared to tamoxifen alone.

Commonly associated with arthralgia –

JJ NSABP B-14 (Fisher et al. 2004): 2,644 patients status-post 
surgery for breast ca (pathologically LN−, ER+) randomized 
to tamoxifen × 5 years vs. placebo. Adjuvant tamoxifen 
improved 15-year DFS (HR = 0.58) and OS (HR = 0.80).

JJ ATAC Trial (2002; Lancet 2005): 9,366 postmenopausal 
patients (both ER +/-) status-post definitive therapy for early-
stage breast ca randomized to anastrozole, tamoxifen, or both 
given concurrently. Anastrozole alone improved 3-year DFS 
compared with tamoxifen (89 vs. 87%) or both (87%). Benefit 
observed only in ER+ patients. Anastrozole better tolerated 
with respect to side-effects.

JJ Goss (Goss et al. 2003): 5,187 postmenopausal patients (98% 
ER+) status-post definitive therapy and adjuvant tamoxifen × 
5 years for early-stage breast ca randomized to letrozole 
(2.5 mg) or placebo daily × 5 years. Addition of letrozole 
improved 4-year DFS (87→93%).

JJ Gnant (Gnant et al. 2009): 1,803 premenopausual ER/PR+ 
patients randomized to endocrine therapy ± zoledronic acid. 
With a median follow-up of 47.8 months, Zoledronic acid 
improved DFS 90.8→94%.

Bisphosphonates may play a role in preventing skeletal events JJ

and improving DFS.

Various targeted therapies, such as antiangiogenic agents (bev-JJ

acizumab), appear promising and are currently under investi-
gation.
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IN-SITU DISEASE
Stage Recommended treatment

DCIS BCT with lumpectomy ± RT. RT generally indicated for JJ

all patients to reduce LR, but some patients may have 
small absolute benefit and may choose to omit RT [e.g., 
older women, with small (<0.5 cm), unicentric, low-grade 
tumors excised with wide (³1 cm) negative margins]. 
Alternative is total mastectomy (TM) with or without SLN 
bx. TM indicated for diffuse malignant microcalcifications, 
multicentric disease, persistently +margins, or patient desire. 
Consider adjuvant tamoxifen for ER+ tumors

LCIS Lifelong close observation ± tamoxifen for risk reduction JJ

(decrease invasive cancer rate by 56%). If young and strong 
FH, diffuse disease, or genetic predisposition, consider 
prophylactic bilateral mastectomy

DCIS treatment is individualized based on clinical and patho-JJ

logical features, and patient preference.
Margins JJ £1–2 mm post-BCS require reexcision as up to 1/2 will 
have residual DCIS.
Tamoxifen for ER/PR+ DCIS reduces local recurrence after JJ

lumpectomy and RT, although absolute benefit may be small 
and diminishes with increased follow-up.
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SELECt nonRAndomizEd dCiS StudiES of BCS ± Rt

meta-analysis

INVASIVE DISEASE ELIGIBLE  
FOR UPFRONT BREAST 
CONSERVING THERAPY
Stage Recommended treatment

I–IIB (± 
T3N0)

BCT with lumpectomy and surgical axillary staging + RT. Some 
consider RT optional for patients ³70 years of age with T1N0, 
ER+, low grade, no LVI tumors who receive adjuvant hormone 
therapy (HT). Alternative: TM with surgical axillary staging ± 
RT as indicated. Adjuvant chemo, HT, and/or trastuzumab as 
indicated

VNPI (Silverstein JJ 2003). Retrospective review of 706 patients 
status post-BCT with or without RT scored based on four 
parameters: tumor size (£1.5, 1.6–4.0, ³4.1 cm); pathology 
(nonhigh-grade without necrosis, nonhigh-grade with necro-
sis, high grade); margins (³1, 0.1–0.9, <0.1 cm); and age (>60, 
40–60, <40 years). For low-risk (score 4, 5, 6), no significant 
difference in 12-year local RFS (>90–95%) with or without 
RT. For intermediate-risk (score 7, 8, 9), addition of RT pro-
vided 12–15% 12-year local RFS benefit. For high-risk (score 
10, 11, 12), mastectomy recommended due to high 5-year LR 
(~50%) with or without RT. Generalizability of study ques-
tioned given unique and intensive surgical/pathological speci-
men preparation techniques.
Wong et al. (JJ 2006). Phase II trial of 158 women with predomi-
nantly grade 1–2 DCIS measuring £2.5 cm on mammography 
with final margins ³1 cm observed after lumpectomy (no RT 
or Tamoxifen). Twelve percent LF at 5 years.

Cochrane Meta-analysis (Goodwin et al. 2009). Four random-JJ

ized trials of BCS ±RT, and 3,925 patients. Confirmed benefit 
of RT on all ipsilateral breast events (HR 0.49) and ipsilateral 
DCIS recurrence (HR 0.64). All subgroups benefited from RT, 
with no significant long-term toxicity with RT.
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V

BCT is equivalent to mastectomy for early-stage disease in JJ

appropriately selected patients.
BCT with lumpectomy + whole breast RT is considered stan-JJ

dard of care.
Repeat excision generally indicated for close/positive margins, JJ

especially in young, EIC+, ILC, multiple or diffusely positive 
margins.
Mastectomy reserved for patients ineligible for BCT due to JJ

medical or surgical contraindications, or patient preference.
See below for postmastectomy RT indicationsJJ

Contraindications to BCT include multicentricity, ratio of tumor JJ

size to breast, diffuse microcalcifications, persistently close/
positive margins despite reasonable number of repeat excisions 
(especially in the setting of EIC, ILCA, <35–40 years old, diffuse 
or multiple close/+ margins), previous breast RT, pregnancy, 
and scleroderma (lupus is a relative contra indication).
Lymph node involvement not a contraindication to BCT.JJ

EIC is not an independent risk factor for recurrence post-BCT JJ

when margins are considered, but true negative margins may 
be more difficult to be achieved in the presence of EIC.
Younger patients are generally at higher risk for LR.JJ

Positive margins, close margins (JJ £1–2 mm), and lymphatic 
invasion are associated with increased LR post-BCT.
High grade associated with increased LR in some, but not all JJ

series.
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ADVANCED INVASIVE DISEASE NOT 
ELIGIBLE FOR UPFRONT BCT

Incidence is decreasing with mammographyJJ

Multimodality approach for all patientsJJ

With standard therapy, OS is 40–60% at 5 years and 20–40% at JJ

10 years
Current standard is to treat with upfront chemotherapyJJ

Can be divided into operable and inoperable diseaseJJ

Signs of inoperability: arm edema, satellite skin nodules, JJ

inflammatory, and SCV disease
Haagensen’s Grave Signs: skin edema, ulceration, chest fixa-JJ

tion, fixed/matted nodes
Metastatic workup is important because high percentage JJ

develop distant disease
Most common site of LRF is the chest wallJJ

IMLN involvement more likely with medial tumors, axillary JJ

nodes +
Prognostic variables include tumor size and extent of lymph JJ

node involvement
Inflammatory carcinoma is a clinical diagnosisJJ

Confirmed by pathological findings of cancer cells in dermal JJ

lymphatics
Pathologic findings in the absence of clinical signs/symp-JJ

toms are not diagnostic of inflammatory carcinoma
Presents with rapid onset of erythema, warmth, and edema JJ

of breast
Underlying mass often cannot be appreciated for inflamma-JJ

tory carcinoma
Localized inflammatory changes do not qualify for inflam-JJ

matory carcinoma

RECommEndEd tREAtmEnt

Stage Recommended treatment

IIB 
(T3N0) 
and IIIA

Neoadjuvant chemo JJ → surgery (mastectomy or BCT) with 
surgical axillary staging + RT as indicated. Alternative: TM 
with surgical axillary staging + RT as indicated. Adjuvant 
chemo, HT, and/or trastuzumab as indicated
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JJ ASTRO postmastectomy consensus (IJROBP 1999). Practice 
guidelines issued by multidisciplinary expert panel recommend 
PMRT for patients with ³4 LN+. Patients with 1–3 LN+ should be 
enrolled on protocol. Controversy regarding sites requiring RT.

JJ ASCO postmastectomy consensus (JCO 2001). Practice guidelines 
issued by multidisciplinary expert panel recommended PMRT for 
patients with ³4 LN+ and with T3 or Stage III tumors. Insufficient 
evidence to make recommendations for patients with 1–3 LN+.

JJ ACR postmastectomy appropriateness criteria (IJROBP 2009) 
PMRT indicated in patients with T3N1 and T4N1–2, and T1–2 
disease with ³ 4 positive nodes. Discuss risk and benefits of 
PMR for T1–2 patients with 1–3 positive nodes.

IIIB–IIIC Neoadjuvant chemo JJ → surgery (mastectomy or BCT [except 
T4d: BCT contraindicated]) with surgical axillary staging + 
RT. Adjuvant chemo, HT, and/or trastuzumab as indicated

IV HT, chemo, and/or trastuzumab as indicated. Consider JJ

bisphos phonates for bone metastases. Palliative RT may 
be needed. Role of surgical resection of primary disease in 
selected Stage IV patients is under investigation

PoStmAStECtomy Rt (PmRt)
Early PMRT trials limited by selection, technique, and no sys-JJ

temic therapy. Survival detriment attributed to RT in early tri-
als due to cardiac/pulmonary toxicity.
Contemporary randomized trials have shown OS benefit for JJ

PMRT in patients receiving systemic therapy.
JJ PMRT indications: T3/4 (T3N0 controversial), + margins, gross 
ECE, and ³4+ nodes.
For T1–2 and 1–3 axillary lymph nodes involved, indications JJ

for PMRT unclear.
Consider percent positive nodes (>20%, not applicable if SLNB JJ

only), tumor size, margins, LVSI, petient age, histological grade
Percent nodes positive JJ ³20% may be better predictor of LRR 
and OS than absolute number of positive nodes (Vinh-Hung 
et al. 2009; Truong et al. 2007).
PMRT generally not indicated for T1–2N0 if adequate surgical JJ

axillary staging performed. Consider PMRT for close/positive 
margins, age £ 35 years, LVI + and/or grade 3.
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meta-analyses and select nonrandomized studies PmRt

EBCTCG RT (Early Breast Cancer Trialists’ Collaborative Group JJ

2005b). Metaanalysis of 78 randomized trials including 42,000 
women. RT after BCS, and RT after mastectomy with axillary 
clearance in LN+ disease, produced significant absolute improve-
ments in 5-year LR (17–19% benefit) and 15-year breast cancer 
mortality (5.4% benefit). RT produced similar proportional 
reductions in LR risk (~70% risk reduction) irrespective of age, 
grade, tumor size, ER status, or amount of LN involvement. 
Among patients treated with systemic therapy, the absolute ben-
efits of RT on LR and breast cancer mortality, were 20% (at 5 
years) and 5.9% (at 15 years), respectively. Therefore, better local 
treatment adds to the effect of systemic therapy on LR, which can 
translate into a moderate breast cancer mortality benefit (4:1 ratio). 
RT was associated with excess contralateral breast cancer, lung 
cancer, and mortality from heart disease. Yet, addition of RT 
improved 15-year OS by 5.3% after BCS and by 4.4% after mas-
tectomy with axillary clearance for LN+ disease.
Whelan et al. (JJ 2000). Metaanalysis of 18 contemporary post-
mastectomy trials (6,367 patients) demonstrated that the 
addition of postmastectomy RT reduced LRF by 75% and 
improved OS by 17%.
ECOG, Recht et al. (JJ 1999). Retrospective review of 2,016 
patients status postmastectomy and adjuvant CMF chemo 
without RT demonstrated that 10-year LRF was 13% for those 
with 1–3 LN+ compared to 29% for those with ³4 LN+.
Katz et al. (JJ 2000). Retrospective review of 1,031 patients 
treated with mastectomy and doxorubicin-based chemo with-
out adjuvant RT. Ten-year LRF were 4, 10, 21, and 22% for 
patients with 0, 1–3, 4–9, or ³10 LN involved, respectively. T 
stage, tumor size, and >2 mm ECE predictive for LRF.
Taghian et al. (JJ 2004). Patterns of LRF reviewed for 5,758 patients 
enrolled on five NSABP trials; treated with mastectomy and 
adjuvant chemotherapy (± tam) with no PMRT. Ten-year LRF of 
13.0, 24.4, and 31.9% for patients with 1–3, 4–9, and ³10 +LN, 
and 14.9, 21.3, and 24.6%, and for patients with a tumor size of 
£2, 2.1–5.0, and >5.0 cm. Age, tumor size, premenopausal sta-
tus, number of LN+, and number of dissected LN were signifi-
cant predictors for LRF on multivariate analysis.
CALGB 9741 (above) patients with 1–3+ LNs postmastectomy JJ

and no PMRT had 5-year LRR of 9.3% with AC and 5.2% with 
AC+T, as compared to 12.4% for patients with ³4+ LN post-
mastectomy, no PMRT, and either chemo regiment.
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LR management in the setting of neoadjuvant chemotherapy
Accuracy of SLNBx is likely not reduced after neoadjuvant che-JJ

motherapy (Buchholz et al. 2008), thus it may be performed 
either pre or post neoadjuvant chemotherapy (at time of defini-
tive surgery if post).
BCT may be possible after neoadjuvant chemotherapy in prop-JJ

erly selected patients.
Selection criteria for BCT after neoadjuvant chemotherapy JJ

remain to be defined
BCT contraindicated if residual skin ulceration, edema, chest JJ

wall fixation, or inflammatory breast cancer
MRI to assess treatment response to neoadjuvant chemo JJ

appears promising.

isolated axillary disease with occult breast primary

Stage Recommended treatment

TxN1–3 Workup: H&P, bilateral mammography, MRI of breast(s), 
PET–CT. Treatment: TM with ALND ± RT. Systemic therapy 
as indicated

Chen et al. (JJ 2004). Retrospective review of 340 patients treated 
with neoadjuvant chemo + BCT demonstrated that acceptably 
low rates of LF (5% at 5 years) can be obtained when appro-
priate selection criteria are used.
Huang et al. (JJ 2004). Retrospective review of 679 patients 
treated with neoadjuvant chemo + mastectomy with or with-
out postmastectomy RT. At 10-year follow-up, addition of RT 
reduced LRF (11 vs. 22%) and improved breast ca-specific 
survival for patients with clinical T3 tumors or Stage III dis-
ease and for patients with ³4 LN+.
Huang et al. (JJ 2006) MD Anderson Prognostic Index for patients 
treated with neoadjuvant chemo and LRR risk based on local 
treatment (risk factors = cN2–3, LVI on bx or final pathology, 
multifocal residual disease, pathological tumor size >2 cm):

number of  
risk factors

10-year LRR %  
with BCS +Rt

10-year LRR %  
with mRm + Rt

p value

0–1  9  5 ns
2 28 12 0.28
3–4 61 19 0.009
All patients 12  9 ns
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LoCoREgionAL RECuRREnCE And iSoLAtEd AxiLLARy 
diSEASE

Stage Recommended treatment

Isolated chest wall  
recurrence

Resection. Consider SLN bx. If no prior RT, JJ

post-op RT to chest wall and SCV. Adjuvant 
chemo, HT, and/or trastuzumab as indicated

Isolated axillary nodal 
recurrence

ALND + nodal RT if no prior RT, adjuvant JJ

chemo, HT and/or trastuzumab as indicated

RAdiAtion tEChniquES
RT can usually begin within 2–4 weeks of surgeryJJ

For patients receiving chemotherapy, RT begins 3–4 weeks JJ

after last cycle

intACt BREASt
Simulation and field design

Patients usually treated in supine position with customized JJ

immobilization device
Bilateral arms abducted and externally rotatedJJ

Wire all surgical scarsJJ

Target volume is entire breast using tangential fields, and SCV JJ

fossa via third field as indicated (below)
Mark estimated medial, lateral, cranial, and caudal field JJ

borders
Medial border at midsternumJJ

Lateral border placed 2 cm beyond all palpable breast tissue JJ

(midaxillary line)
Inferior border is 2 cm from inframammary foldJJ

Superior border is at head of clavicle or second intercostal JJ

space
Deep (intrathoracic) field border must be nondivergent and JJ

edges made coplanar

JCRT Sequencing (JCO 2005): 244 patients with Stage I/II JJ

breast ca status post lumpectomy randomized to adjuvant 
doxorubicin-based chemo followed by RT vs. adjuvant RT fol-
lowed by four cycles of same chemo. With 11-year follow-up, 
there are no differences in OS, DM, time to any event, or site 
of first failure. For close margins (<1 mm), crude LR was 32% 
with chemo first vs. 4% with RT first; for + margins, crude LR 
was 20–23% in both arms.
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Use half-beam block techniques, or rotate gantry to make JJ

symmetric and align posterior edge of each tangent (gantry 
rotation angle = arctan ({0.5 × field width}/SAD) ~3° for 
10 cm field

Isocenter typically placed in the center of treatment fieldJJ

In general, 1–2 cm of underlying lung in the treatment field is JJ

acceptable
For left-sided lesions, minimize the amount of heart in tangen-JJ

tial fields
CT-planning allows for more accurate dose distribution and is JJ

recommended
Rarely need to treat completely dissected axilla (i.e., posterior JJ

axillary field) since axillary failure is uncommon
Tangential RT usually covers a large percentage of the level I JJ

and II axillary nodes
High tangent technique can be used to treat greater percentage JJ

of axilla if no axillary dissection performed
Top border placed within 2 cm of humeral headJJ

Top of field should be 2–3 cm deep into lungJJ

Best done with CT planningJJ

When using third field (SCV), attention to geometric match JJ

with tangential fields is essential
Half-beam block for caudal edge of supraclavicular field to JJ

eliminate divergence
Divergence of tangential fields superiorly can be eliminated JJ

with various techniques
Couch-kick away from tangents field: arctan ({0.5 × tan-JJ

gent field length})/SAD) but can adjust with multi-leaf 
collimators
Use of monoisocentric technique: SCV and tangents fields JJ

are half-beam blocked using same isocenter placed at edge 
of each respective field. Disadvantage: unable to collimate 
gantry for tangent fields, resulting in higher lung dose

Supraclavicular field is angled obliquely 10–15° laterally to JJ

keep off spinal cord
Inferior border of tangents field placed at inferior aspect of JJ

clavicular head
Superior border of supraclavicular field is above acromio-JJ

clavicular joint, top of T1/first rib, short of flash
Medial border of supraclavicular field placed at the pedicles JJ

of vertebral bodies
Lateral border of supraclavicular field is coracoid process or JJ

lateral to humeral head
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Boost field is delivered with appositional field using electrons JJ

to tumor bed
Each field should be treated on a daily basis, Monday through JJ

Friday
Bolus should not be usedJJ

doSE PRESCRiPtionS
Conventional whole-breast tangents ± SCv

45–50 Gy at 1.8–2 Gy/fx to whole breast with tangential fieldsJJ

45–50 Gy at 1.8–2 Gy/fx to supraclavicular fossa (when included)JJ

Boost irradiation with electrons to bring total tumor bed dose JJ

to 60–66 Gy (with 1–2 cm PTV expansion)
Electron energy is selected to allow the 85–90% isodose line JJ

to encompass target

Phase iii boost trials

At UCSF:JJ

1.8–2 Gy per fractionJJ

DCIS and R-sided invasive disease receive 45–50 Gy whole-JJ

breast, L-sided invasive receives 45–50 Gy whole breast
SCV field receives 45–46 Gy or 50 Gy as indicated (below)JJ

Tumor bed boosted to total of 60 Gy if negative margins, JJ

64 Gy if close, and 66 Gy if + margins, on a case-by-case 
basis

EORTC Boost Trial (NEJM 2001, JCO 2007): 5,569 patients JJ

with Stage I/II breast ca status post lumpectomy (negative 
invasive margins, DCIS margins ignored) randomized to 
50 Gy RT vs. 50 Gy + 16 Gy boost. At 10-year follow-up, 
boost decreased LF from 10.2 to 6.2% with largest benefit 
observed in patients £40 years (23.9→13%). All age groups 
benefited from boost, although benefit small if >60 year 
old. Boost had slightly increased rates of severe fibrosis 
(4.4 vs. 1.6%).
Lyon Boost Trial (JCO 1997): 1,024 patients with early-stage JJ

breast ca status post lumpectomy (<3 cm tumor), ALND, and 
50 Gy RT randomized to boost (10 Gy) vs. no boost. At median 
follow-up 3 years, addition of boost reduced LF (3.6  vs. 4.5%). 
No difference in self-assessed cosmetic response between two 
arms.
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Boost not given if no residual disease was found on reexci-JJ

sion and ³50 years old (Arthur et al. 2006)
50 Gy whole-breast RT to both left and right-sided if no boost –

hypofractionation
At UCSF, hypofractionation (42.5 Gy/2.66) is considered in right-JJ

sided disease (invasive), no chemotherapy, negative margins 
(>2 mm), no boost, ³50 years old, £25 cm separation, and no 
SCV irradiation indicated and non-high grade.

Accelerated partial breast irradiation (APBi)
APBI is considered investigational and is the subject of ongoing JJ

randomized clinical trials. Prescribed on protocol at UCSF.
Techniques include intraoperative electron or X-rays, intersti-JJ

tial brachytherapy (HDR more common than LDR), balloon 
brachytherapy, or 3DCRT.

HDR/balloon brachytherapy dose: 3.4 Gy b.i.d. × 5 daysJJ

3DCRT APBI dose: 3.85 Gy b.i.d. × 5 daysJJ

Whelan (IJROBP 2002; IJROBP 2008; NEJM 2010): 1,234 pN0 JJ

patients treated with BCS randomized to 50 Gy in 25 fxs vs. 
42.5 Gy in 16 daily fxs, whole-breast RT. No boost. Large-
breasted patients (>25 cm separation) not allowed. Only 11% 
of patients in each arm received chemotherapy, 25% <50 year 
old. No difference in 10-year LR (6.2 vs. 6.7%, respectively), 
DFS, OS, or good/excellent cosmetic outcome (70 vs. 71%).
UK START A and B Trials (Bentzen et al. JJ 2008a, b). Two phase 
III trials randomized 2,236 and 2,215 pT1–3 N0-1 patients to 
50 Gy in 25 fxs vs. 41.6 Gy or 39 Gy in 13 fxs (START A) or 
50 Gy in 25 fxs vs. 40 Gy in 15 fxs (START B), respectively. 
Twenty-one to twenty-three percent < 50 year old, 22–35% of 
patients had chemotherapy, 23–29% were LN+, 43–60% of 
post-BCS patients had boost, and 8–15% of patients had mas-
tectomy. No difference in 5-year LRR. Photographic and 
patient-assessed late adverse effects were lower with 39 vs. 
50 Gy and with 40 vs. 50 Gy. Estimated a/b of 4.6 Gy for 
tumor control and 3.4 Gy for late breast appearance change.
RMH/GO3 (Owne Lancet Oncology 2006): 1,410 T1–3N01 patients JJ

randomized to 50 Gy in 25, 39 Gy in 13, or 42.9 Gy in 13 fractions. 
Thirty percent of patients <50 year old, 14% had chemotherapy, 
75% had boost. Ten-year IBTR of 12.1, 14.8, and 9.6% (6.7–12.6) 
each arm, respectively (difference between 39 and 42.9 Gy groups: 
p = 0.027). Estimated a/b of 4.0 Gy for tumor control.
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 The American Society of Breast Surgeons’ (ASBS) and the American JJ

Brachytherapy Society’s patient selection criteria for APBI in lieu of 
whole breast RT:

ASBS ABS

Age (years) ³45 ³50

Histology IDCA or DCIS Unifocal, IDCA

Tumor size Total tumor size (invasive 
and DCIS) less than or 
equal to 3 cm

£3 cm

Pathological  
margins

Negative microscopic 
surgical margins

Negative microscopic 
surgical margins

Lymph node  
status

Sentinel lymph node 
negative

Axillary node negative by 
level-I/II axillary dissection 
or sentinel node evaluation

ASBS: http://www.breastsurgeons.org/statements/APBI_statement_
revised_100708.pdf

ABS: Arthur et al. (2003); http://www.americanbrachytherapy.org/
resources/abs_breast_brachytherapy_taskgroup.pdf

ASTRO Consensus Statement for APBI

“Suitable” 
patients meet all 
criteria

“Cautionary” patients 
meet any one criteria

“Unsuitable” patients meet 
any one of the following 
criteria

Age ³ 60 Age 50–59 Age <50
T1 2.1–3 cm, T0 or T2 >3 cm, T3-4
pN0 - pN+ or no nodal surgery
ER+ ER-
No LVI Limited/focal LVSI Extensive LVSI
Negative margins 
(>2 mm)

Close margins  
(<2 mm)

Positive margins

Unicentric and 
unifocal*

-# Multicentric, 
microscopically multifocal 
>3 cm in total size, or if 
clinically multifocal

RTOG 95-17 (Arthur et al. JJ 2008; Vicini et al. 2003). Phase II 
multiinstitutional trial, 199 patients with Stage I–II breast ca 
(<3 cm, unifocal, invasive nonlobular, no ECE) treated with 
limited-field RT to region of tumor bed only (60% LDR, 45 Gy 
over 3.5–5 days, 40% HDR, 3.4 Gy b.i.d. × 10 fxs). Five-year in 
breast, regional, and contralateral failure rates of 3 and 6%, 
5 and 0%, and 2 and 6%, with HDR and LDR, respectively.

http://www.breastsurgeons.org/statements/APBI_statement_revised_100708.pdf
http://www.breastsurgeons.org/statements/APBI_statement_revised_100708.pdf
http://www.americanbrachytherapy.org/resources/abs_breast_brachytherapy_taskgroup.pdf
http://www.americanbrachytherapy.org/resources/abs_breast_brachytherapy_taskgroup.pdf
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ASTRO Consensus Statement for APBI

“Suitable” 
patients meet all 
criteria

“Cautionary” patients 
meet any one criteria

“Unsuitable” patients meet 
any one of the following 
criteria

Not pure DCIS 
(associated 
LCIS and DCIS 
allowed)

Pure DCIS £ 3 cm Pure DCIS > 3 cm

No EIC EIC £ 3 cm EIC >3 cm
Not ILCA ILCA -
BRCA1/2 
mutation absent

- BRCA1/2 mutation  
present

No neoadjuvant 
systemic tx

- Received neoadjuvant 
systemic tx

* Microscopic multifocality allowed, provided the lesion is clinically unifocal 
and the total size of foci of multifocality and intervening normal parenchyma 
does not exceed 2 cm
# Microscopic multifocality allowed, provided the lesion is clinically unifocal 
and the total size of foci of multifocality and intervening normal parenchyma 
is between 2.1 and 3 cm
Adapted from: Smith BD, Arthur DW, Buchholz TA, et al. Accelerated partial 
breast irradiation consensus statement from the American Society for Radiation 
Oncology (ASTRO). Int J Radiat Oncol Biol Phys. Jul 15 2009;74(4):987–1001.

PoStmAStECtomy
Simulation and field design

Patient simulated in similar manner to early-stage disease.JJ

Target volume includes chest wall and supraclavicular fossa as JJ

indicated (below).
Wire all surgical scars and drain sites.JJ

Entire mastectomy scar, flaps, surgical clips, and drain sites JJ

included in treatment field.
If outside of treatment field, drain site can be treated with JJ

local electron field 5 Gy × 2 fxs
Attention to geometric match with SCV field to avoid junctional JJ

overdose.
No boost is given to chest wall or scar with postmastectomy RT JJ

at UCSF, but it can be delivered using electrons in appositional 
field to chest wall and skin.
Each field should be treated on a daily basis, Monday through JJ

Friday.
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TLD’s are used at UCSF at assess skin dose.JJ

Five to ten millimeter bolus typically used every other day for JJ

duration of RT at UCSF.
Bolus thickness is dependent on photon beam energyJJ

Custom bolus provides improved dose distribution over the recon-JJ

structed breast (i.e., use of a form fitting Aquaplast cast and wax).
RT is given to internal mammary nodes if clinically or patho-JJ

logically positive, otherwise internal mammary node irradia-
tion is controversial and at the discretion of the treating 
radiation oncologist (excellent reviews by Chen et al. 2008; 
Freedman et al. 2000).

Older Phase III randomized trials of IMLN dissection and JJ

irradiation showed no benefit (decreased 5-year OS with 
IMLN RT, NSABP 02)
Retrospective reports have reported no benefit with IMLN JJ

irradiation
CT treatment planning should be utilized in all cases where JJ

RT is delivered to the internal mammary lymph nodes
Internal mammary RT performed with matched electrons or JJ

with wide tangential field
Posterior axillary boost (PAB) is controversial with no proven JJ

benefit, not routinely done at UCSF.

dose prescriptions
50 Gy at 1.8–2 Gy/fx to chest wall using tangential fields.JJ

45–50 Gy at 1.8–2 Gy/fx to supraclavicular fossa as indicated.JJ

Electron boost can be used to bring total scar dose to 60 Gy in JJ

high-risk patients.
Electron energy selected to allow the 85–90% isodose line to JJ

encompass target

indications for nodal Rt
JJ ³4 involved axillary lymph nodes or inflammatory breast can-
cer are indications for SCV RT.
Indications for SCV RT for 1–3 involved axillary lymph nodes JJ

less clear.
Consider SCV RT if JJ ³4 high risk features present (risk of SCV 
failure = 20% based on retrospective data): ECE, LVSI, less 
than 10 LN removed, ³20% of dissected nodes +, largest + 
node >2 cm (Strom et al. 2005).

SCV RT indications after good response to neoadjuvant chemo-JJ

therapy are unclear.
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No axillary staging or no ALND in the case of +SLNB are rela-JJ

tive indications for SCV RT.

doSE LimitAtionS
Goal of treatment is to achieve homogeneous distribution JJ

throughout target volume.
Careful attention must be paid to the amount of lung tissue and JJ

heart in treatment field.
Wedging and weighting can achieve better dose distribution, JJ

although physical wedge increases scatter dose to contralateral 
breast (less so with virtual wedge or MLC).
Field-within-field technique using static forward-planned IMRT JJ

often used to optimize dose distribution.
At UCSF, ipsilateral lung V20 is limited to JJ £10% with two-field 
tangents, and £20% with three-field (SCV) technique.
Left ventricle and combined bilateral ventricle limits: V5JJ £10% and 
V25£5%. Also record and attempt to minimize whole heart dose.
Respiratory gating to minimize dose to lung and heart can be JJ

considered.
ASTRO Consensus Statement dose constraints for 3DCRT APBI JJ

(IJROBP 2009): Contralateral breast Dmax £ 3%, Ipsilateral 
lung V30% <15%, Contralateral lung V5% <15%, Heart 
V5% < 5% for R-sided tumors and <40% for L-sided tumors

ComPLiCAtionS
Acute skin reaction, treated with:JJ

Erythema alone: antifungal and hydrocortisol creamsJJ

Dry desquamation: moisturizing and vitamins A&D creamsJJ

Wet Desquamation: zinc Oxide and BacitracinJJ

Late cosmetic impairment (edema, fibrosis, telangiectasia), JJ

including risk of breast reconstruction complications and/or 
cosmetic impairment.
Upper extremity lymphedema: 1–5% risk with RT alone, 4–10% JJ

with SLNB, 10% risk with ALND, 12% risk with ALND+RT, and 
16–20% risk with ALND + SCV/axillary RT.
Uncommon: brachial plexopathy, pneumonitis, rib fracture.JJ

Risk of RT-induced cardiac toxicity can be minimized by mod-JJ

ern techniques and cardiac risk modification (excellent review 
of cardiac risk: Harris 2008).
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Fifty to seventy percent of patients treated with L-sided tan-JJ

gents exhibit perfusion defect on SPECT 3–6 years post-RT 
(Prosnitz et al. 2007).
Increased risk of cardiac toxicity with doxorubicin, trastu-JJ

zumab, and aromatase inhibitors.
Overall risk of second malignancies increased from ~4 to 5%, JJ

sarcoma ~0.5% risk in 20–30 years, lung cancer risk increased 
in smokers only, contralateral breast cancer risk increased 
from 15 to 16% with modern techniques, but may be higher in 
younger, positive family history, and BRCA1/2 patients.

foLLoW-uP
Monthly self-exam.JJ

H&P ever 3 months for 1–2 years, then every 6 months for 5 JJ

years, then annually.
Bilateral breast mammograms annually. At UCSF, ipsilateral JJ

mammogram interval is 6 months for first 5 years.
Cosmetic assessment.JJ

Median time to breast cancer recurrence is 5–7 years for women JJ

receiving adjuvant hormonal and/or chemotherapy, but is 
shorter for triple negative breast cancers (<3 years).
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Chapter 18

Esophageal Cancer

Charlotte Dai Kubicky, Hans T. Chung, and Marc B. Nash

PEARLS
Esophageal cancer accounts for 5% of all GI cancers. There are JJ

16,470 new cases and 14,280 deaths from esophageal cancer 
each year in the US. It is the sixth leading cause of death from 
cancer worldwide.
Incidence increases with age, peaks at sixth to seventh decade.JJ

Male:female = 3.5:1.JJ

African-American males:White males = 5:1.JJ

Most common in China, Iran, South Africa, India, and the for-JJ

mer Soviet Union.
Risk factors: tobacco, EtOH, nitrosamines, Tylosis (congenital JJ

hyperkeratosis), Plummer Vinson syndrome, achalasia, GERD, 
and Barrett’s esophagus.
Four regions of the esophagus: Cervical = cricoid cartilage to tho-JJ

racic inlet (15–18 cm from the incisor). Upper thoracic = thoracic 
inlet to tracheal bifurcation (18–24 cm). Midthoracic = tracheal 
bifurcation to just above the GE junction (24–32 cm). Lower tho-
racic = GE junction (32–40 cm). 

JJ Barrett’s esophagus: metaplasia of the esophageal epithelial 
lining. The squamous epithelium is replaced by columnar epi-
thelium, with 0.5% annual rate of neoplastic transformation.
Adenocarcinoma: rapid rise in incidence. Comprises 60–80% JJ

of all new cases compared to 10–15% 10 years ago. Predominately 
white men. Associated with Barrett’s, GERD, and hiatal hernia. 
Locations: 75% in the distal esophagus and 25% in the upper 
and midesophagus.
Squamous cell carcinoma: Associated with tobacco, alcohol, or JJ

prior history of H&N cancers. Locations: 50% midesophagus 
and 50% distal esophagus.
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WORKUP
H&P: Dysphagia, odynophagia, cough, hoarseness (laryngeal JJ

nerve involvement), weight loss, use of EtOH, tobacco, nitro-
samines, history of GERD. Examine for cervical or supraclavic-
ular adenopathy.
Labs: CBC, chemistries, LFTs.JJ

EGD: allow direct visualization and biopsy.JJ

EUS: assess the depth of penetration and LN involvement. JJ

Limited by the degree of obstruction.
Barium swallow: can delineate proximal and distal margins.JJ

CT chest and abdomen: assess adenopathy and metastasis.JJ

PET scan: can detect up to 15–20% of metastases not seen on JJ

CT and EUS.
Bronchoscopy: rule-out fistula in midesophageal lesions.JJ

Bone scan: recommended if elevated alkaline phosphatase or JJ

bone pain.
Pulmonary function test: to evaluate whether medically opera-JJ

ble and serve as baseline lung function for chemo-RT.
Nutritional assessment.JJ
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Fig. 18.1  (a) Survival after esophagectomy only for squamous cell carcinoma strati-
fied  by  stage  groupings,  based  on  worldwide  esophageal  cancer  collaboration 
(WECC) data. Condensed stage groupings. (b) Survival after esophagectomy only for 
squamous cell carcinoma stratified by stage groupings, based on worldwide esopha-
geal cancer collaboration (WECC) data. Expanded stage groupings. (Used with per-
mission from the American Joint Committee on Cancer (AJCC), Chicago, IL. The 
original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010), published by Springer Science+Business Media)
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Fig. 18.2  (a) Survival after esophagectomy only for adenocarcinoma stratified by 
stage groupings, based on worldwide esophageal cancer collaboration (WECC) data. 
Condensed stage groupings. (b) Survival after esophagectomy only for adenocarci-
noma stratifi ed by stage groupings, based on worldwide esophageal cancer collabo-
ration  (WECC)  data.  Expanded  stage  groupings.  (Used  with  permission  from  the 
American Joint Committee on Cancer (AJCC), Chicago, IL. The original source for 
this material is the AJCC Cancer Staging Manual, Seventh Edition (2010), published 
by Springer Science+Business Media)
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SURGICAL TECHNIQUES
Transhiatal esophagectomy: for tumors anywhere in esopha-JJ

gus or gastric cardia. No thoracotomy. Blunt dissection of the 
thoracic esophagus. Left with cervical anastomosis. Limitations 
are lack of exposure of midesophagus and direct visualization 
and dissection of the subcarinal LN cannot be performed.
Right thoracotomy (Ivor-Lewis procedure): good for exposure JJ

of mid to upper esophageal lesions. Left with thoracic or cervi-
cal anastomosis.
Left thoracotomy: appropriate for lower third of esophagus JJ

and gastric cardia. Left with low-to-midthoracic anastomosis.
Radical (en block) resection: for tumor anywhere in esophagus JJ

or gastric cardia. Left with cervical or thoracic anastomosis. 
Benefit is more extensive lymphadenectomy and potentially 
better survival, but increased operative risk.

TREATMENT RECOMMENDATIONS

2002 Stage Recommended treatment

Stage I–III and IVA 
resectable*  
medically-fit

Pre-op chemo-RT (5-FU + cisplatin, JJ

50 Gy) → surgery. Surgery preferred for 
adenocarcinoma regardless of response to 
chemo-RT. Three-year OS 20–30% (up to 
50% if pCR). LF ~35%
Or, definitive chemo-RT (5-FU + cisplatin, JJ

50 Gy). Chemo-RT is preferred for cervical 
esophagus lesions. Three-year OS 20–30%. 
LF ~45%
Or, surgery. Preferred upfront for noncervical JJ

T1N0 and young T2N0 patients with primaries 
of lower esophagus or gastroesophageal 
junction without high-risk features (poorly 
differentiated, LVSI). Perioperative chemo 
given for >T1N0 disease. Indications for 
post-op chemo-RT include: unfavorable 
T2N0, T3/4, LN+, and/or close/+ margin. 
Three-year OS 20–30%, LF ~40%

 *Resectable T4: involvement of pleura, 
pericardium or diaphragm only

 *Resectable stage IVA: resectable celiac 
nodes and no involvement of celiac artery, 
aorta, or other organs

Stage I–III inoperable Definitive chemo-RT (5-FUJJ  + cisplatin, 50 Gy) 
(RTOG 85–01, RTOG 94–05, INT0123)
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Stage IV palliative Concurrent chemo-RT (5-FUJJ  + cisplatin, 50 Gy) 
or RT alone (e.g., 2.5 Gy × 14 fx) or chemo 
alone or best supportive care. RT palliates 
dysphagia in ~70% for average of ~6 months
Obstruction: stenting, laser, RT, chemo, or JJ

dilatation
Pain: medications ± RTJJ

Bleeding: endoscopic therapy, surgery, or RTJJ

STUDIES
SURGERy ALONE

Three-year OS 6–35% (~20%). See control arms in Kelsen, JJ

Medical Research Council, and EORTC trials below.

RT ALONE
Three-year OS 0%. See control arm in RTOG 85–01.JJ

PRE-OP AND POST-OP RT
Five randomized trials of pre-op RT vs. surgery alone demon-JJ

strate no difference in LF and OS.
Phase III data from outside the US demonstrate decreased LF, JJ

but no difference in OS or DM with post-op RT.

PRE-OP CHEMO
JJ Metaanalysis (Gebski et al. 2007). Ten randomized trials with 
1,209 patients evaluating pre-op chemo-RT vs. surgery alone in 
resectable esophageal cancer. Conclusion was that concurrent 
pre-op chemo-RT improves OS in SCC and adenocarcinoma. 
Eight randomized studies with 1,724 patients evaluating 
chemo + surgey vs. surgery alone. Chemo alone improved sur-
vival in adenocarcinoma, but not SCC. Caveats: suboptimal RT, 
sequential chemo-RT included, older studies.

JJ RTOG 8911/INT 133 (Kelsen et al. 1998; 2007). Phase III: 467 
patients with resectable T1-2NxM0 SCC and adenocarcinoma 
randomized to surgery alone vs. pre-op chemo × 3c (cisplatin, 
5-FU) → surgery. Pre-op chemo did not improve MS (16 vs. 15 
months) or OS at 4 years (26 vs. 23%). 12% cCR and 2.5% pCR. 
No difference between histologies. Update 2007: only R0 resec-
tion resulted in significant long-term survival advantage. Five-
year OS R0 32%, R1 5%.
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JJ Medical Research Council Oesophageal Cancer Working Group 
(2002); (Allum et al. 2008). Phase III: 802 patients with resect-
able SCC and adenocarcinoma randomized to surgery alone vs. 
pre-op chemo × 2c (5-FU, cisplatin) → surgery. Nine percent of 
patients from each arm received pre-op RT. Pre-op chemo 
improved 5-year OS (17→23%) and complete resection rate (54 
→ 60%). Survival advantage was seen in adenocarcinoma (17 
vs. 24%) and SCC (18 vs. 23%).

PERI-OP CHEMO
JJ MAGIC trial (Cunningham et al. 2006). Phase III: 503 patients, 
T1-3N0-1M0, with resectable adenocarcinoma of the stomach, 
GE junction, or lower esophagus randomized to perioperative 
chemo vs. surgery alone. Chemo was epirubicin, cisplatin, and 
5-FU × 3 cycles pre-op and same regimen × three cycles post-
op. Peri-op chemo improved 5-year OS 23 → 36% (HR 0.75).

PRE-OP CHEMO-RT
See Gebski metaanalysis above.JJ

Walsh et al. (JJ 1996). Phase III: 113 patients, adenocarcinoma 
only, randomized to surgery alone vs. pre-op chemo-RT → sur-
gery. RT was 40 Gy/15 fx. Chemo was 5-FU and cisplatin × 2c. 
Pre-op chemo-RT improved OS at 1 year (52 vs. 44%) and 3 
years (32 vs. 6%) and MS (16 vs. 11 months). Twenty-five per-
cent pCR rate in chemo-RT arm. Positive LN or mets at sur-
gery: 42% Chemo-RT, 82% surgery alone. Caveats: small patient 
number, adenocarcinoma only, poor outcome of surgery alone 
arm, nonconventional fractionation, and short follow-up (only 
11 months).

JJ EORTC (Bosset et al. 1997). Phase III: 282 patients, T1-3N0 and 
T1-2N1M0, SCC only, randomized to surgery alone vs. pre-op 
chemo-RT → surgery. Chemo was cisplatin × 2c. RT was 
37 Gy/10 fx in two 1-week courses separated by 2 weeks. Surgery 
was one-stage en bloc esophagectomy and proximal gastrec-
tomy. pCR 26%. No difference in OS and MS (18.6 months). 
Pre-op chemo-RT improved DFS (p = 0.003), had a higher rate 
of curative resection ( p = 0.017), a lower rate of death from can-
cer ( p = 0.002), and a higher rate of post-op death (p = 0.012). RT 
was split course, nonconventional fractionation, no 5-FU.
Urba et al. (2001). Phase III: 100 patients, localized CA, 75% JJ

 adenocarcinoma, 25% SCC randomized to pre-op chemo-RT  
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→ surgery vs. surgery alone. Chemo was cisplatin, vinblastine, 
and 5-FU. RT was 1.5 Gy b.i.d. to 45 Gy. Surgery was transhi-
atal esophagectomy. Pre-op chemo-RT significantly decreased 
LR (19 vs. 42%). Improved 3-year OS (30 vs. 15%) did not reach 
statistical significance (p = 0.07).
Bates et al. (JJ 1996) Phase II: 35 patients, localized CA, 80% 
SCC, 20% adenocarcinoma treated with pre-op chemo-RT → 
surgery. Chemo was 5-FU + cisplatin. RT was 1.8/45 Gy. Surgery 
was Ivor-Lewis esophagectomy. pCR 51%, MS 25.8 months 
(all patients) with 36.8 months for pCR and 12.9 months for 
no pCR. Three-year DFS 43% (80% with CR, 13% with resid-
ual). Three-year OS 41% (61% with CR, 25% with residual). 
However, after chemo-RT, 41% of patients with negative repeat 
EGD still had residual tumor at surgery, indicating that prer-
esection EGD alone is not reliable for detecting residual 
disease.
Stahl et al. (JJ 2009) Phase III trial: 126 patients with locally 
advanced (uT3/4NxM0) but resectable adenocarcinoma of the 
lower esophagus or gastric cardia randomized to induction 
chemo (cisplatin, 5-FU, and leucovorin (PLF) × 2.5 cycles) + sur-
gery vs. induction chemo (PLF × two cycles) + chemo-RT (30 Gy 
with cisplatin and etoposide) + surgery. Study prematurely 
closed but showed trend toward improved 3-year survival 
47.4% in RT group vs. 27.7% in no RT group (P = 0.07). 
Chemo-RT group had increase in pCR (15.6 vs. 2%).

JJ CALGB 9781 (Tepper et al. 2008). Phase III: 56 patients with 
resectable SCC and adenoCA (T1-3N1M0) randomized to sur-
gery alone vs. concurrent chemo-RT (cisplatin, 5-FU × 2 
cycles + 50.4 Gy in 28 fx)→ surgery. Trimodality therapy 
improved 5-year survival (16→ 39%), median survival (1.8→ 
4.5 years), 40% pCR in patients with pre-op chemo-RT.
Burmeister et al. (JJ 2005): 256 patie nts with T1-3N0-1 SCC or 
adenoCA (61%) randomized to pre-op concurrent chemo-RT 
vs. surgery alone. Chemo-RT = cisplatin and 5-FU with 35 Gy in 
15 fx. No difference in 3-year DFS (~30–35%) or OS (~35%), 
but chemo-RT improved R0 resection rate (60 → 80%). 
Subgroup analysis showed SCC had improved DFS and OS 
with chemo-RT. No difference in patterns of failure. Thirteen 
percent of patients with pCR had 3-year OS 49%.

Definitive chemo-RT
JJ RTOG 85-01 (Herskovic and Martz 1992; al-Sarraf M et al. 
1997; Cooper et al. 1999). Phase III: 121 patients, T1-3N0-1M0, 
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 adenocarcinoma and SCC, randomized to RT alone vs. chemo-
RT. Chemo was 5-FU and cisplatin on weeks 1, 5, 8, 11. RT 
alone arm was 50 + 14 Gy boost at 2 Gy/fx. Concurrent chemo-
RT dose was 50 Gy. Interim analysis showed improved OS with 
chemo-RT. Additional 69 patients were treated according to the 
chemo-RT protocol and followed prospectively. Five-year OS 
for RT alone was 0%, for chemo-RT (randomized) 27% and for 
chemo-RT (nonrandomized) 14%. No differences in OS based 
on histology.

JJ RTOG 94-05, INT0123 (Minsky 2002). Phase III: 236 patients, 
T1-4N0-1M0, SCC and adenocarcinoma, randomized to chemo-
RT to 50 Gy vs. chemo-RT to 65 Gy. Chemo was 5-FU + cispla-
tin × 4c. Trial was stopped after an interim analysis. High-dose 
arm had higher treatment-related death (10 vs. 2%). Of the 11 
deaths in high-dose arm, 7 occurred at £50.4 Gy. No differences 
in MS (13 vs. 18 months), 2-year OS (31 vs. 40%), or LRF (56 
vs. 52%) between high-dose vs. low-dose arms.

Chemo-RT with and without surgery in high-risk patients

Stahl et al. (JJ 2005, 2008). Phase III: 172 patients, T3-4N0-1M0, 
SCC, treated with chemo × 3c and then randomized to chemo-
RT (2/40 Gy) → surgery (arm 1) vs. definitive chemo-RT (64–
65 Gy, arm 2). Chemo was 5-FU, leucovorin, etoposide, and 
cisplatin when given alone, and cisplatin/etoposide when given 
with RT. RT in arm 2 was 2/50 + 1.5 Gy b.i.d./15 Gy boost (total 
65 Gy) or 2/60 + 4 Gy HDR boost (total 64 Gy). Sixty-six percent 
of patients in arm 1 and 88% of patients in arm 2 completed 
treatment. pCR was 35% at surgery. No difference in MS (16 vs. 
15 months) or 5-year/10-year OS (28/19 vs. 17/12%). Surgery 
improved 2-year freedom from local progression (64 vs. 41%), 
but definitive chemo-RT had less treatment-related mortality 
(13 vs. 4%) and preserved the esophagus. Patients with response 
to induction chemo had improved prognosis regardless of treat-
ment group (3-year OS ~50%).

JJ FFCD 9102 (Bedenne et al. 2007; Crehange et al. 2007): 259 
patients with potentially resectable T3-4N0-1 SCC (90%) or 
adenoCA (10%) with ³PR to chemo-RT (5-FU/cisplatin × 2c; 
concurrent RT (2/46 Gy or split-course 3/30 Gy)) randomized 
to surgery vs. three more cycles of 5-FU/cisplatin with RT 
boost during first cycle (2/20 Gy or split course 3/15 Gy). Two-
third patients had split-course RT. Total RT doses were 2/66 
or 3/45 Gy (split-course). No difference in 2-year OS (34–40%) 
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or MS (18–19 months). Worse QOL in post-op period and 
increased  treatment-related mortality with surgery (1 → 9%). 
Surgery reduced LF (43 → 34%) and need for stents (32 → 5%). 
No change in DM. Split-course RT had worse local RFS  
(57 vs. 77%).

Brachytherapy
JJ RTOG 9207 phaseI/II (Gaspar et al. 2000): 49 patients 
T1-2N0-1M0, 92% SCC, 8% adenocarcinoma treated with con-
current chemo (5-FU, cisplatin) + RT (EBRT 50 Gy/25 fx + HDR 
5 Gy × 3 or LDR 20 Gy × 1). Twenty-four percent Grade 4 toxic-
ity, 12% fistula, 10% treatment-related deaths with MS 11 
months. Three-year OS 29% and LF 63%. Brachytherapy not 
recommended due to high toxicity.

RTOG trials
JJ RTOG 0246 (Swisher et al. 2007): Phase II study of resectable 
locoregionally advanced CA treated with induction chemo 
(5-FU, cisplatin, paclitaxel) → chemo-RT (50 Gy, 5-FU, cisplatin) 
→ salvage surgery. Trial closed 3/17/2006. Preliminary results 
showed increased toxicity compared to historical controls, no 
significant improvement in outcomes, and study arm not suit-
able for phase III trial.

JJ RTOG 0113(Ajani et al. 2008): Randomized phase II study of 
inoperable localregional esophageal CA treated with 5-FU 
based vs. non-5-FU based induction chemo → chemo-RT. Trial 
closed 4/2005. Both arms associated with high morbidity 
(Grade 3 or 4). Study did not meet 1-year survival endpoint of 
³77.5% (5-FU based arm 1-year survival was 75.7%).

JJ RTOG 0436: Phase III trial evaluating the addition of cetux-
imab to paclitaxel, cisplatin, and RT for patients with esopha-
geal cancer who are treated without surgery (50.4 Gy in 28 
fractions). Trial activated 6/30/08.

RADIATION TECHNIQUES
GENERAL PRINCIPLES

Simulate patient supine with arms up so that lateral fiducials JJ

are possible.
Immobilize with wing board or alpha cradle with arms above JJ

head.
Use esophotrast to outline the esophagus and barium (2%, JJ

ReadiCat) to outline the stomach and small bowel.
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FIELD DESIGN
AP/PA fields deliver higher dose to the heart and lower dose to JJ

the lungs, whereas obliques and laterals deliver higher dose to 
the lungs and lower dose to the heart.
At UCSF, we consider using a 3DCRT or IMRT plan throughout JJ

treatment, so that normal tissues such as the lungs receive a 
lower total integral dose. We generally weight AP/PA > obliques.
Wedges and/or compensators may be needed.JJ

Tumors above the carina: treat SCV and mediastinal LN.JJ

GTV = primary lesion and involved LN; CTV = GTVJJ  + subclini-
cal disease (regional LN and submucosal), 4 cm proximal/dis-
tal and 1 cm radial; PTV = CTV + 1–2 cm.
Two options for field design:JJ

SCV and primary tumor treated in one field. Consider AP JJ

6 MV and PA 18 MV with off-cord boost to primary (after 
cord dose reaches 45 Gy). This technique might not be suit-
able if tumor volume includes excessive heart.
SCV field matched to primary tumor fields. Isocenter is placed JJ

at the matchline. SCV field is AP 6 MV to 50 Gy with half-beam 
block at clavicle and block placed over spinal cord. Primary 
tumor fields are beam split from above and use AP/PA and 
obliques. AP/PA fields are weighted » obliques and laterals.

Tumors at or below the carina: treat mediastinal LN, and JJ

include celiac LN for lower 1/3 and gastroesophageal junction 
tumors.

Use a multifield technique including AP/PA and obliques or JJ

laterals. Weigh AP/PA » obliques and laterals.
IMRT now being used more frequently, particularly cervical JJ

lesions; consider 4DCT and respiratory gating, especially for 
lower esophageal tumors.

DOSE PRESCRIPTIONS

1.8 Gy/fx to 50.4 Gy.JJ

If the stomach is in the field, consider reducing lower border to JJ

block stomach at 45 Gy if clinically possible.

DOSE LIMITATIONS
Spinal cord JJ Dmax £45 Gy at 1.8 Gy/fx
Lung: Limit 70% of both lungs <20 GyJJ

Heart: Limit 50% of ventricles <25 GyJJ
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COMPLICATIONS
Acute side effects: esophagitis, weight loss, fatigue, and anorexia.JJ

Esophageal perforation may present with substernal chest JJ

pain, increased heart rate, fever and hemorrhage.
Pneumonitis: subacute, occurs ~6 weeks after RT. Presents JJ

with cough, dyspnea, hypoxia, and fever. Depending on sever-
ity, treat with NSAIDs or steroids.
Late strictures possible, half are due to LR. For benign stric-JJ

tures, dilation results in palliation in the majority of patients. 
For malignant strictures, dilation does not work as well.
Pericarditis, coronary artery disease.JJ

With brachytherapy and/or EBRT, tumor involvement of the JJ

trachea can lead to fistula formation during RT (5–10%), sec-
ondary to tumor necrosis or natural progression of the disease.

FOLLOW-UP
H&P every 4 months for 1 year, then every 6 months for 5 years, JJ

then annually thereafter. CBC, metabolic panel, CXR, endos-
copy, CT chest, and PET should be considered when clinically 
indicated.
For locally advanced esophageal cancers undergoing combined JJ

chemo-RT, metabolic response as determined by FDG-PET 
imaging before and after treatment is a strong predictor of OS 
(MS 6–7 months for non-PET responders vs. 16–23 months for 
PET responders) (Downey et al. 2003; Wieder et al. 2004).
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in the preparation of this chapter.
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Chapter 19

Gastric Cancer

Charlotte Dai Kubicky, Jennifer S. Yu, and  Hans T. Chung

PEARLS
22,710 new cases and 11,780 deaths from gastric cancer each JJ

year in the US.
Highest death rates are reported in Chile, Costa Rica, Japan, JJ

China, and the former Soviet Union.
Median age of diagnosis is 65.JJ

Male:female = 1.5:1.JJ

Etiology and possible risk factors: low fruits and vegetables, JJ

high salts and nitrates, salted fish, smoked meats, Helicobacter 
pylori, hypochlorohydria, polyps, genetic alterations (p53 
mutation, microsatellite instability, E-cadherin gene), previous 
radiation, gastrectomy, and pernicious anemia.
Tumor location.JJ

GE junction, cardia, and fundus 35% (diffuse subtype, inci-JJ

dence rising).
Body 25%.JJ

Antrum and distal stomach 40% (intestinal subtype, inci-JJ

dence falling).
Seven primary LN groups.JJ

Perigastric LN along greater and lesser curvatures, gastrodu-JJ

odenal, paraaortics, celiac axis, porta-hepatic, suprapancre-
atic group, and splenic hilum. If GE junction, also distal 
paraesophageal.

Histology: 90% adenocarcinoma. Others: sarcoma, GIST, carci-JJ

noid, small-cell, undifferentiated, MALT lymphoma, and 
leiomyosarcoma.
Intestinal subtype: more commonly seen in patients >40 years, JJ

less aggressive.
Diffuse subtype: affects younger patients, more aggressive.JJ

Borrmann’s types:JJ

I: polypoidJJ

II: ulceratingJJ

III: infiltrating and ulceratingJJ

VI
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IV: infiltrating (linitis plastica)JJ

Types I and II have better prognosis than III and IVJJ

Krukenberg tumor = ovarian met.JJ

Sister Mary Joseph node = periumbilical node.JJ

Virchow’s node = left SCV.JJ

Irish’s node = axillary lymphadenopathy.JJ

Blumer’s shelf = metastatic tumor in the pelvic cul-de-sac,  JJ

frequently palpable on rectal exam.

WORKUP

H&P: dysphagia, indigestion, early satiety, loss of appetite, JJ

nausea, abdominal pain, weight loss, obstruction (pyloric 
lesion), anemia, hematemesis (10–15%), melena. Check for 
cervical, axillary, SCV, and periumbilical adenopathy.
Laboratories: CBC, liver and renal function tests, CEA (elevated JJ

in one-third of cases), H. Pylori test.
Upper endoscopy: allows direct visualization and biopsy.JJ

EUS: assesses the depth of penetration and LN involvement, JJ

but study is limited by the degree of obstruction.
CT abdomen: assesses adenopathy and metastasis.JJ

CT or US of the pelvis in women in selected cases.JJ

Chest imaging, CT chest for gastroesophageal junction tumors JJ

to rule out mediastinal LN.
PET scan: may be useful, not routinely done.JJ

Bone scan: recommended if elevated alkaline phosphatase or JJ

bone pain.
Laparoscopy: performed prior to open laparotomy to assess JJ

extent of disease, peritoneal implants, and resectability. Should 
be performed if pre-op chemo-RT is being considered.
Consider preradiation quantitative renal perfusion study to JJ

evaluate relative bilateral renal function, which may affect 
radiation planning and dose constraints.
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SURGERY
General guidelines:JJ

For distal (body and antrum): prefer subtotal gastrectomy.JJ

For proximal (cardia): total or proximal gastrectomy.JJ

Avoid splenectomy if possible.JJ

Consider placing feeding jejunostomy-tube.JJ

Aim for JJ ³5 cm proximal and distal margins whenever possible.
Remove minimum of 15 LNs.JJ

D1 dissection: removes involved proximal or distal or entire JJ

stomach, including the greater and lesser omental LN.
D2 dissection: Also removes the omental bursa, the front leaf of JJ

the transverse mesocolon, and the corresponding arteries are 
completely cleared, including the portal, celiac, and splenic LN.
Billroth I = end-to-end gastrojejunal anastomosis, gastric resec-JJ

tion margin used for anastomosis.
Billroth II = end-to-side gastrojejunal anastomosis, closure of JJ

the duodenal stump, and the lesser curvature of the stomach. 
Gastric resection margin is usually NOT used for anastomosis.
Sites of LF after surgery:JJ

Gastric bed ~50%, LN ~40%, anastomosis or stumps ~25%,JJ

TREATMENT RECOMMENdATIONS

2002 Stage Recommended treatment

T1N0 Surgery alone (partial or total gastrectomy with at JJ

least D1 LN dissection). Selected T1a patients may 
be candidates for endoscopic mucosal resection in 
experienced centers

T2–4 and/or 
LN+ resectable  
and operable

Surgery JJ → post-op 5-FU/leucovorin (LV) × 1c → 
concurrent 5-FU/LV × 2c and RT (45 Gy) → 5-FU/
LV × 2c (INT 0116). Surgery alone may be considered 
for selected pT2N0 patients with R0 resection and 
without high-risk features (poorly differentiated, 
high grade, LVSI, PNI, age <50 years)
Alternatively, pre-op ECF chemo (epirubicin, cisplatin, JJ

5-FU) × 3c → surgery → post-op ECF chemo × 3c 
(MAGIC).
Post-op 5-FU based chemo-RT indicated in this setting JJ

for close or involved margin(s) or gross residual disease

T2–4 and/or 
LN+ unresec-
table or inoper-
able

Concurrent chemo-RT (5-FU and 45–50.4 Gy).JJ

Alternatively, chemo alone (5-FU, cisplatin, JJ

oxaliplatin, taxane, or irinotecan-based) if patient not 
RT candidate.
Or, best supportive care for poor PS. RT alone may JJ

provide some palliation, but no survival benefit

continued
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M1 Palliative chemo ± RT (5-FU + 45 Gy). Fifty to seventy-JJ

five percent patients experience improvement 
of symptoms such as gastric outlet obstruction, 
pain, bleeding, or biliary obstruction. Duration 
of palliation 4–18 months. Alternatively, palliative 
surgery or best supportive care.

STUdIES
ExTENT Of GASTRECTOMY

JJ Gouzi et al. 1989: Distal gastric CA randomized to subtotal vs. 
total gastretomy. Both arms had similar morbidity (33%), mor-
tality (1.3 vs. 3.2%), and 5-year OS (48%).

ExTENT Of LYMPhAdENECTOMY
JJ Dutch trial (Bonenkamp et al. 1999; Hartgrink et al. 2004): 711 
patients with resectable gastric CA randomized to D1 vs. D2 
lymph node dissection. D2 dissection led to a significantly higher 
rate of complications (43 vs. 25%, p < 0.001), more post-op deaths 
(10 vs. 4%, p = 0.004), and longer hospital stay (16 vs. 14 days). 
Similar 11-year OS (35 vs. 30%, p = 0.53) and rate of relapse.

JJ MRC trial (Cuschieri et al. 1999): 400 patients randomized to 
D1 vs. D2 lymph node dissection. D2 dissection led to a signifi-
cantly increased postoperative morbidity (46 vs. 28%) and 
mortality (13 vs. 6.5%).

JJ Italian Gastric Cancer Study Group (Degiuli et al. 2004): 162 
patients randomized to D1 or pancreas-sparing D2 dissection. 
No difference in morbidity (10.5 vs. 16.3%) and mortality (0 vs. 
1.3%). Reported morbidity and mortality may be lower than 
that seen in MRC and Dutch trial because those studies included 
resection of the distal pancreas and spleen.

JJ JCOG trial (Sano et al. 2004, Sasako et al. 2008): 523 patients 
with resectable gastric CA randomized to standard D2 vs. D2 + 
paraaortic nodal dissection. No significant difference in 5-year 
OS (69.2 vs. 70.3% (D2 vs. D2 + PAND) or RFS. Overall morbidity 
was higher in the extended surgery group than the standard sur-
gery group (28.1 vs. 20.9%; p = 0.067). There was no difference in 
the incidence of major complications including anastomotic 
leak, pancreatic fistula, abdominal abscess, and pneumonia.

JJ Taiwanese trial (Wu et al., 2006): 221 patients with resectable 
gastric adenocarcinoma randomized to D1 vs. D3 lymph-
adenectomy. Single institution with experienced surgeons. D3 
dissection improved 5-year OS (54 → 60%) and DFS (58→63%). 
No pre-op or post-op chemo or RT.
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PERI-OP ChEMO
JJ MAGIC trial (Cunningham et al. 2006): 503 patients with resec-
table adenocarcinoma of stomach (74%) GE junction, lower 
esophagus, randomized between surgery alone vs. ECF × three 
cycles preoperatively → surgery → ECF × three cycles. Similar 
rates of postoperative morbidity and mortality. Improved rates 
of downstaging, R0 resection, OS (36 vs. 23%, p = 0.009), PFS 
(HR 0.66, p < 0.001) in perioperative chemotherapy group. ECF 
(epirubicin, cisplatin, and continuous infusion 5-FU).

JJ MAGIC-B (phase III): Histologically confirmed, previously 
untreated stage IB–IV (M0) resectable disease of the stomach 
or GE junction randomized to pre-op ECX × 3c → surgery → 
ECX × 3c, or pre-op ECX-B → surgery → ECX-B × 3c. ECX (epi-
rubicin, cisplatin, and capecitabine), B (bevacizumab).

PRE-OP ChEMO-RT
Rule out peritoneal carcinomatosis by laparoscopic exam if JJ

considering pre-op chemoradiation.
No phase III data.JJ

JJ RTOG 9904 (Ajani et al. 2006) Phase II study: 43 operable 
patients with localized gastric CA treated with pre-op chemo ×  
2c (5-FU, leucovorin, and cisplatin) → concurrent chemoradia-
tion (45 Gy and infusional 5-FU and weekly paclitaxel) → sur-
gery (with D2 dissection in 50% patients). Seventy-seven 
percent R0 resection rate, 26% pCR rate. For pCR, OS 82% at 
1 year vs. 69% if <pCR. Patterns of failure: DM (30%) vs. tumor 
bed failure (19%) vs. nodal and regional failure (2%).

POST-OP ChEMO-RT
JJ INT0116/SWOG 9008 (Macdonald et al. 2001, 2004, 2009): 556 
patients with resected stage IB–IV M0 stomach and gastroe-
sophageal junction tumors (20%) randomized to observation vs. 
post-op chemo × 1c → concurrent chemo × 2c + RT → chemo × 2c. 
Fifty-four percent had D0 dissection and 10% had D2 dissection. 
Chemo was 5-FU (425 mg/m2/day, reduced to 400 mg/m2/day 
with RT) + leucovorin (20 mg/m2/day) × 5 days. RT was 45 Gy/25 fx 
to tumor bed, regional nodes, and 2 cm proximal and distal mar-
gin. Forty-one percent Grade 3 and thirty percent Grade 4 toxic-
ity in the chemo-RT arm. From 2004 abstract (Macdonald et al. 
2004): median follow-up 7.4 years. Post-op chemo-RT improved 
MS (35 vs. 26 months, p = 0.006), DFS (30 vs. 19 months, 
p < 0.001), and 3-year OS (50 vs. 41%). No difference in DM. 
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From 2009 abstract (Macdonald et al. 2009):  follow-up >10 
years. Post-op chemo-RT improved DFS (HR = 1.51, p < 0.001) 
and OS (HR = 1.32, p = 0.004). All subsets of patients benefited 
from chemo-RT except diffuse histology. No increase in late tox-
icity. Criticism: extent of surgery suboptimal.

JJ CALGB 80101 (phase III): Resected adenocarcinoma of stomach 
or GE junction randomized to adjuvant 5-FU/leucovorin → con-
current chemoradiation (45 Gy with infusional 5-FU) → 5-FU/
leucovorin × 2c vs. adjuvant ECF → concurrent chemoradiation 
(45 Gy with infusional 5-FU) → ECF × 2c (result pending).

JJ Dutch CRITICS (phase III): Histologically confirmed, previ-
ously untreated stage IB–IV (M0) resectable disease of the 
stomach randomized to pre-op ECX × 3c → surgery → concur-
rent chemoradiation (45 Gy with cisplatin and capecitabine), 
or pre-op ECX × 3c → surgery → ECX × 3c, ECX (epirubicin, 
cisplatin, and capecitabine) (result pending).

RAdIATION TEChNIQUES
SIMULATION ANd fIELd dESIGN

Ensure adequate nutrition prior to radiation. Arrange for a JJ

nutrition consult. Recommend at least 1,500 Cal/day.
Patient may require feeding tube (preferable if placed at the JJ

time of surgery).
Patient instructed to fast for 3 h before simulation and all JJ

treatments.
Simulate patient supine with arms up so that lateral fiducials JJ

are possible.
Immobilize with wing board or alpha cradle with arms above JJ

head.
Use pre-op CT, post-op CT, surgical clips, operative report, JJ

pathology report, and upper GI studies to guide target 
definition.
Celiac axis is located at approximately T12–L1.JJ

Porta hepatis LN are covered by a field that extends 2 cm to the JJ

right of T11–L1.
At UCSF, we use a 3DCRT or IMRT throughout the treatment JJ

to help reduce dose to normal tissues, such as small bowel, 
spinal cord, liver, and kidneys. Most 3DCRT plans include three 
to four fields.
General target volume:JJ

Initial tumor bed: all patients. Exception is proximal T1–2aN0 JJ

patients with margin >5 cm.
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Remaining stomach: all patients. Exception is proximal T1–3N0 JJ

patients with margin >5 cm.
Anastomotic site: all patients. Exception is proximal T1–2aN0 JJ

patients with margin >5 cm.
Residual disease: all patients.JJ

Adjacent structures: see tables below.JJ

Regional LN (depends on location and TN stage; see tables JJ

below).
Perigastric LN: always. Exception: proximal T1–2aN0 JJ

patients with margins >5 cm and >10–15 LN resected.
Celiac and suprapancreatic LN: For T4, LN+, or T3N0 with JJ

<15 LN resected.
Porta-hepatic LN: for all T4 or LN+. Exception: proximal JJ

lesions with only 1–2 involved LN and >15 LN resected.
Splenic LN: for all T4 or LN+. Exception: distal lesions with JJ

only 1–2 involved LN and >15 LN resected.
Distal paraesophageal LN: for lesions with esophageal JJ

extension.
The following are guidelines for target volume definition JJ

depending on the site of involvement (reprinted from Tepper 
and Gunderson (2002)).

GE JUNCTION TUMORS

Site/stage Remaining  
stomach

Tumor bed** Nodes

T2N0  
with  
invasion 
of 
subserosa

Variable 
dependent on  
surgical-
pathologic 
findings*

Medial left  
hemidiaphragm;  
adjacent body  
of pancreas

None or 
perigastric,  
periesoph ageal***

T3N0 Variable 
dependent on 
surgical-pathologic 
findings*

Medial left  
hemidiaphragm;  
adjacent body  
of pancreas

None or perigastric, 
periesophageal, 
mediastinal, or 
celiac***

T4N0 Preferable, but 
dependent on 
surgical-pathologic 
findings*

As for T3N0  
plus site(s)  
of adherence with  
3–5 cm margin

Nodes related 
to site(s) of 
adherence, 
±perigastric,  
periesophageal, 
mediastinal,  
and celiac

continued
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T1–2N+ Preferable Not indicated for  
T1 As above  
for T2 into  
subserosa

Periesophageal, 
mediastinal, 
proximal 
perigastric, and 
celiac

T3–4N+ Preferable As for T3–4N0 As for T1–2N+ and 
T4N0

*For tumors with wide (>5 cm) surgical margins confirmed patho-
logically, treatment of residual stomach is optional, especially if this 
would result in substantial increase in normal tissue morbidity.

**Use pre-op imaging (CT, barium swallow), surgical clips, and 
post-op imaging (CT, barium swallow).

***Optional node inclusion for T2–3N0 lesions if there has been an 
adequate surgical node dissection (D2 dissection) and at least 10–15 
nodes have been examined pathologically.

Tolerance organ structures: heart, lung, spinal cord, and kidneys.

CARdIA/PROxIMAL ONE-ThIRd Of ThE STOMACh TUMORS

Site/stage Remaining 
stomach

Tumor bed** Nodes

T2N0  
with  
invasion of  
subserosa

Variable 
dependent 
on surgical-
pathologic  
findings*

Medial left 
hemidia phragm, 
adjacent body of 
pancreas (±tail)

None or  
perigastric

T3N0 Variable  
dependent on 
surgical- 
pathologic 
findings*

Medial left 
hemidia phragm, 
adjacent body of 
pancreas (±tail)

None or perigastric, 
optional: 
periesophageal, 
and mediastinal, 
celiac****

T4N0 Variable  
dependent on  
surgical- 
pathologic 
findings*

As for T3N0,  
plus site(s) of 
adherence  
with 3–5 cm  
margin

Nodes related 
to site(s) of 
adherence, 
±perigastric, 
periesophageal, 
mediastinal, and 
celiac

T1–2N+ Preferable Not indicated  
for T1 As above  
for T2 into 
subserosa

Perigastric, 
celiac, splenic, 
suprapancre atic, 

continued
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±periesophageal, 
mediastinal 
pancreati-
coduodenal, and 
portahepatis***

T3–4N+ Preferable As for T3–4N0 As for T1–2N+  
and T4N0

*For tumors with wide (>5 cm) surgical margins confirmed pathologi-
cally, treatment of residual stomach is not necessary, especially if this 
would result in substantial increase in normal tissue morbidity.
**Use pre-op imaging (CT, barium swallow), surgical clips, and post-
op imaging (CT, barium swallow).
***Pancreaticoduodenal and portahepatis nodes are at low risk if nodal 
positivity is minimal (i.e., 1–2 positive nodes with 10–15 nodes exam-
ined), and this region does not need to be irradiated. Periesophageal 
and mediastinal nodes are at risk if there is esophaphgeal extension.

****Optional nodes inclusion for T2–3N0 lesions if there has been 
an adequate surgical node dissection (D2 dissection) and at least 
10–15 nodes have been examined pathologically.

Tolerance organ structures: kidneys, spinal cord, liver, heart, and lung.

BOdY/MIddLE ONE-ThIRd Of ThE STOMACh TUMORS

Site/stage Remaining 
stomach

Tumor bed* Nodes

T2N0 with 
invasion of 
subserosa – 
especially post 
wall

Yes body of  
pancreas  
(±tail)

None or perigastric;  
optional: celiac,  
splenic, suprapan-
creatic, pancreati-
coduodenal, and 
portahepatis**

T3N0 Yes body of  
pancreas  
(±tail)

None or perigastric, 
optional: 
celiac, splenic, 
suprapancreatic, 
pancreati-
coduodenal, and 
portahepatis**

T4N0 Yes As for T3N0,  
plus site(s)  
of adherence  
with 3–5 cm 
margin

Nodes related 
to site(s) of 
adherence, 
±perigastric, celiac, 
splenic, 

continued
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suprapancreatic, 
pancreati-
coduodenal, and 
portahepatis

T1–2N+ Yes Not indicated 
for T1

perigastric, 
celiac, splenic, 
suprapancreatic, 
pancreati-
coduodenal, and 
portahepatis

T3–4N+ Yes As for T3–4N0 As for T1–2N+  
and T4N0

*Use pre-op imaging (CT, barium swallow), surgical clips, and 
post-op imaging (CT, barium swallow).

**Optional nodes inclusion for T2–3N0 lesions if there has been an 
adequate surgical node dissection (D2 dissection) and at least10–15 
nodes have been examined pathologically.

Tolerance organ structures: kidneys, spinal cord, liver.

ANTRUM/PYLORUS/dISTAL ONE-ThIRd  
Of ThE STOMACh TUMORS

Site/stage Remaining 
stomach

Tumor bed** Nodes

T2N0 with 
invasion of 
subserosa

Variable  
dependent of 
surgical- 
pathologic 
findings*

Head of pancreas 
(±body), first and 
second part of 
the duodenum

None or perigastric; 
optional: pancreati-
coduodenal, 
portahepatis, 
celiac, and 
suprapancreatic***

T3N0 Variable  
dependent of 
surgical- 
pathologic 
findings*

Head of pancreas 
(±body), first and 
second part of 
the duodenum

None or perigastric; 
optional: pancreati-
coduodenal, 
portahepatis, 
celiac, and 
suprapancreatic***

T4N0 Preferable, but 
dependent on 
surgical- 
pathologic 
findings*

As for T3N0 
plus site(s) of 
adherence with 
3–5 cm margin

Nodes related to 
site(s) of adherence, 
±perigastric, 
pancreati-
coduodenal, 
portahepatis, celiac, 
and suprapancreatic

continued
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T1–2N+ Preferable Not indicated 
for T1

Perigastric, 
pancreati-
coduodenal, 
portahepatis, celiac, 
suprapancreatic, 
and optional splenic 
hilum***

T3–4N+ Preferable As for T3–4N0 As for T1–2N+ and 
T4N0

*For tumors with wide (>5 cm) surgical margins confirmed patho-
logically, treatment of residual stomach is optional if this would result 
in substantial increase in normal tissue morbidity.

**Use pre-op imaging (CT, barium swallow), surgical clips, and 
post-op imaging (CT, barium swallow).

***Optional node inclusion for T2–3N0 lesions if there has been an 
adequate surgical node dissection (D2 dissection) and at least 10–15 
nodes have been examined pathologically.

Tolerance organ structures: kidneys, liver, and spinal cord.

dOSE PRESCRIPTIONS
1.8 Gy/fx to 45–50.4 Gy depending on margin status and pres-JJ

ence/absence of residual disease.

dOSE LIMITATIONS
Spinal cord JJ Dmax £45 Gy
Heart: 50% of ventricles <25 GyJJ

Liver: 70% of volume <30 GyJJ

Kidneys: 70% of volume of each kidney <20 GyJJ

COMPLICATIONS
Acute complications include nausea, anorexia, fatigue, and JJ

myelosuppression with chemo.
Consider H2-blocker or proton pump inhibitor for ulcer JJ

prophylaxis.
For severe nausea, recommend Ondansetron 8 mg 1 h before JJ

and 3 h after RT daily.
Twenty-five percent of patients have persistent decrease in acid JJ

production for >1–5 years.
Late complications: dyspepsia, radiation gastritis, and gastric JJ

ulcers.
Gastric late effects are rare with 40–52 Gy. Incidence of late JJ

effects rises with higher doses.
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fOLLOW-UP
H&P every 4 months for first year, then every 6 months for 2 JJ

years, then annually thereafter. CBC, metabolic panel, endos-
copies, CT as clinically indicated.
Long-term parenteral vitamin B12 supplementation for all JJ

patients who undergo proximal or total gastrectomy.

Acknowledgement We thank Richard M. Krieg, MD, for his valuable 
 advice in the preparation of this chapter.
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Chapter 20

Pancreatic Cancer

Jennifer S. Yu,  Joy Coleman, and Jeanne Marie Quivey

PEARLS
Fifth leading cause of cancer mortality, although only the ninth JJ

most common cancer.
Found primarily in Western countries. Known risks include JJ

tobacco use, diets high in animal fat, ionizing radiation, che-
motherapy, and exposure to 2-naphthylamine, benzene, and 
gasoline. Possible links between alcohol use, coffee use, chronic 
pancreatitis, and diabetes are less clear.
Four parts: head (including uncinate process), neck, body, and JJ

tail. Two-third cancers present in the head.
Most common presenting symptoms = jaundice (due to com-JJ

mon bile duct obstruction), weight loss (due to malabsorption 
from pancreas exocrine dysfunction), diabetes (related to pan-
creas endocrine dysfunction), gastric outlet obstruction, and 
abdominal pain. Jaundice is most common in patients with 
lesions in the head. Patients with lesions arising in the body or 
tail typically present with midepigastric or back pain. May 
infrequently present with Trousseau’s sign (migratory throm-
bophlebitis) or Courvoisier’s sign (palpable gallbladder).
Primary LN drainage includes the pancreaticoduodenal, supra-JJ

pancreatic, pyloric, and pancreaticosplenic LN with the porta 
hepatic, infrapyloric, subpyloric, celiac, superior mesenteric, 
and paraaortic areas being involved in advanced disease.
Most common type is of ductal origin. Cystadenocarcinomas, JJ

intraductal carcinomas, and solid and cystic papillary neo-
plasms (also known as Hamoundi tumors) have a more indo-
lent course. Acinar cell cancers and giant cell tumors are 
aggressive and have poor survival. Five percent are tumors of 
the endocrine pancreas – these tumors are rare, slow growing, 
and have a long natural history.
Seventy to hundred percent contain k-JJ ras oncogene. TP53 
mutation present in approximately 50%.
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Peritoneal and liver mets are most common. Lung is most com-JJ

mon location outside the abdomen.
Postresection CA19-9 levels prognostic in patients treated with JJ

chemorad per RTOG 9704 (Berger et al. 2008).

WORKUP
Main purpose of the workup is to determine resectability, JJ

establish a histologic diagnosis, reestablish biliary-tract out-
flow, and circumvent gastric outlet obstruction. Various diag-
nostic approaches exist.
H&P, upper GI, CT scan, US, and ERCP, laparoscopy, or JJ

CT-guided biopsy.
Laboratories: CBC, CEA, CA19-9, glucose, amylase, lipase, bili-JJ

rubin, alkaline phosphatase, LDH, and LFTs.
Endoscopy of the upper GI tract is extremely valuable with JJ

endobiliary stent placement. Endoscopic ultrasound can also 
be performed.

STAGING (AJCC 7Th Ed., 2010): PANCREATIC CANCER
The definition of TNM and anatomic stage/prognostic group-JJ

ings has not changed from the sixth edition (2002) for exocrine 
pancreas.
Pancreatic neuroendocrine tumors (including carcinoid JJ

tumors) are now staged by a single pancreatic staging system.

Primary tumor (T)
TX: Primary tumor cannot be assessed
T0: No evidence of primary tumor
Tis: Carcinoma in situ*
T1: Tumor limited to the pancreas, 2 cm or less in greatest dimension
T2:  Tumor limited to the pancreas, more than 2 cm in greatest dimension
T3:  Tumor extends beyond the pancreas but without involvement of the celiac axis or the 

superior mesenteric artery
T4:  Tumor involves the celiac axis or the superior mesenteric artery (unresectable primary 

tumor)

*This also includes the “PanInIII” classification.

Regional lymph nodes (N)
NX: Regional lymph nodes cannot be assessed
N0: No regional lymph node metastasis
N1: Regional lymph node metastasis

distant metastasis (M)
M0: No distant metastasis
M1: Distant metastasis

continued
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Anatomic stage/prognostic groups
0: Tis N0 M0
IA: T1 N0 M0
IB: T2 N0 M0
IIA: T3 N0 M0
IIB: T1-T3 N1 M0
III: T4 Any N M0
IV: Any T Any N M1

Used with the permission from the American Joint Committee on Cancer (AJCC), Chicago, 
IL. The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010), published by Springer Science+Business Media.

For practical purposes, tumors are generally classified as resectable JJ

(Stage I, II), unresectable (Stage III), and metastatic (Stage IV).
Definition of resectability varies by institution, but generally JJ

includes no encasement (<180° involvement) of the celiac 
artery or superior mesenteric artery, and patency of portal vein 
and superior mesenteric vein. Splenic vein involvement does 
not necessarily mean a tumor is unresectable. Borderline resec-
table cases- tumor abutment (£180 or £50%) of celiac artery or 
SMA circumference, or >180° or >50% common hepatic artery 
that is amenable to resection and repair, or SMV or portal vein 
occlusion amenable to resection and interposition grafting.
Prognostic markers: surgical margins, nodal status, tumor grade.JJ

TREATMENT RECOMMENdATIONS
Stage Recommended treatment

Resectable 
(10–15% of 
patients)

Pancreaticoduodenectomy. Mortality <5% when JJ

performed by experienced surgeons. Pylorus-preserving 
pancreaticoduo denectomy improves GI function 
and does not appear to compromise efficacy. Body/
tail cancers (when resectable) should have a distal 
pancreatectomy with en bloc splenectomy
 Recommendations about adjuvant treatment are JJ

controversial. Options include
  Clinical trialJJ

  Systemic gemcitabine followed by concurrent JJ

chemo-RT (5-FU based, 50.4 Gy)

 Chemotherapy alone (gemcitabine based)JJ

  Due to post-op complications ~25% of patients do JJ

not receive intended post-op therapy
JJ Open areas of investigation include

RT dose-escalation with IORT, radiosurgery, JJ

brachytherapy, proton therapy, IGRT
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Pre-op chemo-RT to decrease treatment toxicity, JJ

increase potential for negative margins, decrease 
risk of intraoperative tumor seeding, and ensure that 
operative complications do not cause omission of 
adjuvant therapy
Prophylactic hepatic irradiation in favorable patients JJ

due to the high incidence of liver metastasis. This 
has been tested and determined feasible by an RTOG 
study in patients with unresectable lesions which 
showed a 13% liver metastasis rate (lower than 
historic controls). Other RTOG trials pending.
Radiosensitizers, radioprotectants, and Yttrium-90 JJ

have also been studied

Borderline 
resectable

Staging laparoscopy. If negative, neoadjuvant therapy JJ

(concurrent 5-FU based chemo-RT ± systemic gemcitabine) 
followed by restaging and surgical resection if feasible.

Unr esec -
table

Clinical trial preferred. Alternatively, definitive concurrent JJ

chemo-RT (5-FU based, 50–60 Gy) ± gemcitabine, or 
gemcitabine based chemotherapy alone. Multiinstitution 
cooperative ECOG and RTOG trials ongoing palliation 
with stents or surgical bypass

Metastatic Palliation with stents, surgical bypass, chemo, RT, supportive JJ

care, or some combination of the above. Most randomized 
studies favor the use of gemcitabine over the use of 5-FU 
based chemo in the treatment of metastatic disease. Celiac 
nerve block is an effective palliative tool for local pain

Endocrine Treatment surgical. Chemo for unresectable or metastatic JJ

disease. Effects of RT unknown, although anecdotal 
responses exist

STUdIES
RESECTAbLE AdJUvANT TREATMENT
In favor of postoperative chemo-RT

JJ GITSG 91-73 (Kalser and Ellenberg 1985): 43 patients with 
resectable pancreatic cancer were randomized to surgery fol-
lowed by EBRT (40 Gy split course) with concurrent 5-FU vs. 
surgery alone. Adjuvant chemo-RT improved OS (2-year/5-year 
OS 43%/14% vs. 18%/5%).

Updated (GITSG JJ 1987): additional 30 nonrandomized patients 
entered into adjuvant therapy group. Two-year OS 46%
Although touted by many as “the gold standard,” few radia-JJ

tion oncologists currently use this split course regimen
JJ Mayo Clinic (Corsini 2008): retrospective review of 472 patients 
with R0 resection of T1-3N0-1M0 pancreatic cancer who 
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received adjuvant chemoradiation (50.4 Gy, 98% of patients 
received concurrent FU-based chemotherapy) or observation. 
Adjuvant chemoradiation cohort improved OS (MS 25.2 vs. 
19.2 months, 2/5-year OS 50%/28 vs. 39%/17%).

JJ Johns Hopkins (Herman et al. 2008): review of 616 patients 
treated with pancreaticoduodenectomy. Patients who received 
adjuvant 5-FU based chemo-RT had improved MS (21 vs. 14 
months), 2-year OS (44 vs. 32%), and 5-year OS (20 vs. 15%) 
compared to those who did not receive chemo-RT.

JJ SEER (Hazard et al. 2007): 3,008 patients receiving pre-op/
post-op RT or surgery alone were reviewed. Patients (1,224) 
received RT. Majority of RT patients received post-op RT; only 
23 patients got pre-op RT. Patients receiving RT (either pre or 
post-op) had improved survival (MS 17 vs. 12 months, 5-year 
OS 13 vs. 9.7%). RT improved OS in patients with direct exten-
sion of tumor beyond pancreas or positive regional nodes, but 
not T1-2N0M0. RT improved CSS in patients with positive 
regional nodes. No difference in OS between patients receiving 
pre-op or post-op RT. (Note that reanalysis of SEER database 
by Stessin showed improved OS in patients receiving pre-op 
RT. See Sect. “Neoadjuvant treatment”).

JJ Johns Hopkins-Mayo Clinic Collaborative Study (Hsu 2009): ret-
rospective OS was longer among patients receiving chemo-RT 
(50.4 Gy with concurrent 5-FU based chemo) vs. surgery alone 
(MS 21.1 vs. 15.5 months; 2/5-year OS 44.7%/22.3 vs. 
34.6%/16.1%, p < 0.001). Adjuvant chemo-RT also improved 
survival 33% when propensity score analysis used and strati-
fied by age, margins, nodes, and T stage (RR = 0.57–0.75, 
p < 0.05). Matched-pair analysis demonstrated OS was longer 
with chemo-RT vs. observation (MS 21.9 vs. 14.3 months; 2/5-
year OS 45.5%/25.4 vs. 31.4%/12.2%, p < 0.001).

In favor of chemo

JJ ESPAC-1 (Neoptolemos et al. 2001, 2004): 2 × 2 factorial design, 
541 patients with resected pancreatic or periampullary carci-
noma (only 289 of which were randomized). Arms were chemo-
RT (40 Gy split course with 5-FU), adjuvant chemo alone (5-FU/ 
leucovorin), both chemo-RT and chemo, or observation alone. 
Results contradictory when looking at randomized vs. nonran-
domized patients in initial analysis. For all patients, chemo 
improved MS (19.7 vs. 14 months). For randomized patients 
only, chemo had no effect on MS (17.4 vs. 15.9 months). In final 
analysis (Neoptolemos et al. 2004) of the randomized patients, 
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authors concluded that chemo was of benefit (5-year OS 21 vs. 
8%), while chemo-RT was detrimental (5-year OS 10 vs. 20%).

Criticisms: no RT quality assurance. Only 128 patients with JJ

RT details available, of whom only 90 patients got the pre-
scribed dose of 40 Gy. Use of split-course RT. Progressive dis-
ease in 19% of patients precluded RT.

JJ ESPAC metaanalysis (Neoptolemos et al. 2009): 822 patients 
received either adjuvant 5-FU/folinic acid or observation after 
resection. Adjuvant 5-FU/FA improved MS (23.2 vs. 16.8 
months).

JJ CONKO-OO1 (Oettle et al. 2007): 368 patients with R0/R1 resec-
tion randomized to observation vs. gemcitabine × 6c. Adjuvant 
gemcitabine improved DFS (13.4 vs. 6.9 months, p < 0.001), but 
not OS (22 vs. 20 months, p = 0.06). Excluded patients with post-
op CEA/CA19-9 levels ³2.5 × upper limit of normal.

JJ Metaanalysis (Stocken et al. 2005): 875 patients with resected 
pancreatic cancer on six trials. Chemo improved MS (14→19 
months) and 5-year OS (12→19%). No significant survival ben-
efit for chemo-RT (MS 15.2–15.8 months). Subgroup analyses 
estimated that chemo-RT was more effective (and chemo less 
effective) for patients with positive resection margins.

In favor of observation

JJ EORTC 40891 (Klinkenbijl et al. 1999; Smeenk et al. 2007): 218 
patients with resectable pancreatic or periampullary cancer sta-
tus postresection randomized to chemo-RT (40 Gy split course 
with 5-FU) vs. observation. Adjuvant treatment resulted in no sig-
nificant difference in 10-year OS (18% overall, 8%  pancreatic 
head group, 29% periampullary group) or PFS (median PFS 1.2 
years in observation arm vs. 1.5 years in treatment arm). 
Criticisms: only 119 patients had pancreatic cancer, no mainte-
nance therapy was given, and the study included patients with 
positive margins without stratification. No RT quality assurance.

beyond adjuvant 5-FU chemo-RT
JJ RTOG 97-04/SWOG/ECOG (Regine et al. 2008): 451 patients 
with GTR of pancreatic cancer randomized to weekly 
 gemcitabine vs. protracted venous infusion 5-FU for 3 weeks 
before and for 12 weeks after concurrent chemo-RT (5-FU, 
50.4 Gy). Trend for improved MS (20.5 vs. 16.9 months) and 
3-year OS (31 vs. 22%, p = 0.09) with gemcitabine. Patterns of 
failure similar in both arms: distant (71–77%) > local (23–28%) 
> regional (nodes associated with tumor site) 7–8%.
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JJ ACOSOG Z05031 (Picozzi 2008): multicenter phase II trial of 89 
patients with R0/1 resection of pancreatic head carcinoma treated 
with 50.4 Gy RT with concurrent cisplatin, 5-FU, and alpha-inter-
feron followed by additional 5-FU chemotherapy. Ninety-six per-
cent of patients had grade 3+ toxicity, but no toxicity-related 
deaths were noted. MS is 27 months and 2-year OS is 55% after 
surgery. Local recurrence 46%, systemic recurrence 35%.

Ongoing trials
ESPAC-3 (phase III): resected pancreatic adenocarcinoma ran-JJ

domized to adjuvant 5-FU vs. gemcitabine
EORTC 40013 (phase II/III): resected pancreatic head adeno-JJ

carcinoma randomized to gemcitabine vs. gemcitabine for 2c 
followed by gemcitabine and concomitant RT (50.4 Gy)

Neoadjuvant treatment
No completed phase III studies.JJ

Krishnan et al. (JJ 2007): of 323 patients, 247 patients received 
neoadjuvant chemo-RT (30 Gy/10 fx or 50.4 Gy/28 fx with 5-FU, 
gemcitabine, or capecitabine), 27 patients received induction 
gemcitabine-based chemo → chemorad. RT encompassed 
regional nodes in 69% patients. Median follow-up 5.5 months. 
MS 8.5 months (chemo-RT group) vs. 11.9 months (induction 
chemo → chemo-RT group). No significant difference in pat-
terns of failure between groups.
Evans et al. (JJ 2008): phase II, 86 patients. Chemo-RT (30 Gy/10 fx 
and weekly gemcitabine × 7 weeks) → surgery. RT included 
pancreaticoduodenal, portahepatic, superior mesenteric, and 
celiac axis LN. All patients restaged after chemo-RT. Eighty-five 
percent patients went on to surgery. MS 22.7 months, 5-year 
OS 27%. Of patients who received surgery, MS 34 vs. 7 months 
for unresectable patients.

JJ SEER (Stessin et al. 2008): reanalysis of SEER database, 3,885 
patients. Seventy patients (2%) pre-op RT, 1,478 patients (38%) 
post-op RT, 2,337 patients (60%) surgery alone. MS 23 months 
(pre-op RT), 17 months (post-op RT), 12 months (surgery alone).

UNRESECTAbLE
JJ GITSG (Moertel et al. 1981): 194 patients with unresectable 
pancreatic cancer randomized to split course EBRT (40 Gy) 
with concomitant bolus 5-FU vs. split course EBRT (60 Gy) 
with concomitant bolus 5-FU vs. EBRT (60 Gy) alone. Both 
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concomitant chemo arms prolonged MS vs. EBRT alone (42.2, 
40.3, and 22.9 weeks, respectively).

JJ GERCOR (Huguet et al. 2007): reviewed 181 patients with 
locally advanced disease treated with 5-FU or gemcitabine 
based chemo × 3 months without evidence of progression who 
then received either additional chemotherapy vs. chemo-RT 
(physician choice). Chemo-RT improved median PFS (7.4→10.8 
months) and OS (11.7→15 months).

JJ RTOG 9812 (Tyvin 2004): phase II study of 109 patients with 
unresectable pancreatic cancer treated with EBRT 50.4 Gy and 
weekly paclitaxel. All patients were restaged 6 weeks after com-
pletion of chemo-RT. If marked shrinkage, resection was 
attempted. MS 11.2 months with 1-year OS 43% and 2-year OS 
13%. Forty percent grade III and 5% grade IV toxicity with 1 
death due to treatment.
Tempero et al. (JJ 2003): 92 patients with locally advanced and/or 
metastatic adenocarcinoma of the pancreas randomized to 
2,200 mg/m2 gemcitabine over 30 min or 1,500 mg/m2 over 
150 min on days 1, 8, and 15 of a 4-week cycle. Slow infusion 
resulted in increased median survival (5 vs. 8 months, p = 0.031) 
and decreased toxicity.
Ko et al. (JJ 2007): phase II, 25 patients. Gemcitabine and cispla-
tin × 6c→chemo-RT (50.4 Gy/28 fx with capecitabine). Patients 
restaged during and after chemotherapy, and after chemo-RT. If 
progressed on chemo, then spared chemo-RT. Forty-eight patients 
completed treatment, 32% patients progressed during chemo. 
Well tolerated. Median time to progression 10.5 months, MS 13.5 
months, and MS of patients completing treatment 17 months.
Murphy et al. (JJ 2007): 74 patients with locally advanced pancre-
atic cancer treated with chemo-RT (36 Gy/15 fx) with full-dose 
gemcitabine (1,000 mg/m2 on days 1, 8, and 15). PTV = GTV + 1 cm. 
Six-month OS 46%/13%, median OS 11.2 months.

RAdIATION TEChNIQUES
SIMULATION ANd FIELd dESIGN

Treat tumor (or tumor bed) and nodal groups at risk using pre-JJ

op and post-op imaging studies as well as the findings at sur-
gery. Three-dimensional planning is necessary to optimize dose 
distribution while minimizing dose to liver, kidneys, small 
bowel, and spinal cord.
Sim supine, arms up, with oral contrast. Use gastrografin (pro-JJ

prietary name) oral contrast, not barium, if CT is planned within 
2 days. Give renal contrast or use CT to identify kidneys.
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Pancreas lies at L1–L2. Celiac axis is at T12. SMA is at L1.JJ

Lesions at the pancreatic head: treat pancreaticoduodenal, supra-JJ

pancreatic, and celiac nodes, porta hepatis, the entire duodenal 
loop, and the tumor with 2–3 cm margin on gross disease.
Lesions in the body/tail: treat pancreaticoduodenal, portal JJ

hepatic, lateral suprapancreatic nodes, the nodes of the splenic 
hilum, and the gross tumor with 2–3 cm margin. Porta hepatis 
and duodenal bed do not need to be covered.
In general, patients are treated with a three or four field design JJ

– AP (50–80% of dose), two laterals or slightly off-axis superior/
inferior obliques (20% of dose), plus or minus a posterior field. 
High energy photon fields (e.g., 18 MV) are useful particularly 
for the lateral/oblique fields.
In general, for tumors of the pancreatic head treated with AP/PA JJ

fields: superior border = T10/T11; inferior border = L3/4; left bor-
der = 2 cm to the left of the edge of the vertebral body or 2 cm 
from the tumor; right border = pre-op location of the duodenum. 
On the laterals, anterior margin = 1.5–2 cm beyond the gross dis-
ease (being sure to include the duodenum); posterior mar-
gin = blocks the cord but covers 1.5–2 cm of the vertebral body.
4DCT or fluoroscopy is useful at the time of simulation to eval-JJ

uate organ movement during respiration, which can have an 
impact on the position of the target volume and the kidneys. 
Some groups use respiratory gating, and abdominal compres-
sion to limit organ motion and decrease field size.
Conedown to gross tumor (or preoperative tumor extent) + 2 cm JJ

margin at 45 Gy.
For unresectable/palliative cases, consider using smaller field sizes, JJ

particularly if giving concurrent chemo-RT: GTV = primary tumor 
excluding draining LN, CTV = GTV ± 0.5 cm, PTV = CTV ± 0.5 cm.

dOSE PRESCRIPTIONS
Treat to 45 Gy at 1.8 Gy/fx followed by conedown to 50.4 Gy. In JJ

definitive chemo-RT setting, consider boosting to 54–59.4 Gy if 
feasible, respecting normal tissue tolerance.
Multiple dose-escalation studies with hyperfractionation, JJ

brachytherapy, IORT, radiosurgery, hypofractionation, and 
other methods are under investigation.

dOSE LIMITATIONS
Doses up to 50 Gy are tolerated by small volumes of stomach JJ

and intestine. Most common late effects are mucosal ulceration 
and bleeding. Perforation is rare.
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Limit the equivalent of at least one kidney to <20 Gy.JJ

Limit the whole liver to <20 Gy and 70% of liver to <30 Gy to JJ

prevent radiation hepatitis. Small volumes of liver can be 
treated to high doses.

COMPLICATIONS
Critical normal tissues include liver, small bowel, stomach, JJ

cord, and kidney.
Because the pancreas is a gland with both exocrine and endo-JJ

crine secretions, both can decrease acutely or chronically follow-
ing treatment. Adequate monitoring for diabetes is integral to 
treatment as is supplementation with pancreatic enzymes if exo-
crine insufficiency is suspected (pancrealipase with each meal).
Acute – nausea and vomiting (use antiemetics, proton pump JJ

inhibitor, or H2 blocker). Diarrhea less common. If jaundice 
develops during RT or following treatment, ascending cholan-
gitis must be considered as a potential etiology.
Late – possible side effects include ulceration, stricture forma-JJ

tion, obstruction, and (less commonly) perforation of GI tract. 
Side effects to cord, kidney, liver should not occur if normal 
tissue tolerances are followed.

FOLLOW-UP
H&P, laboratories, and abdominal CT every 2 months to evalu-JJ

ate for disease recurrence/progression.
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Chapter 21

Hepatobiliary Cancer

Chien Peter Chen, Kim Huang, and Mack Roach III

GENERAL PEARLS
~22,000 cases and 17,000 deaths per year in the U.S.JJ

Frequency: hepatocellular carcinoma (most common) > gall-JJ

bladder cancer > extrahepatic cholangiocarcinoma > intrahe-
patic cholangiocarcinoma (least common).

LIVER (HEPATOCELLULAR)
PEARLS

100–250× more common in patients with chronic Hepatitis B.JJ

3–4× more common in men.JJ

Cirrhosis, Hepatitis C, and aflatoxin B exposure are also risk JJ

factors.
Prevention: Hepatitis B vaccine.JJ

Screening tools frequently used in high-risk patients: serum JJ

alpha-fetoprotein, liver ultrasound.

WORKUP
Labs: CBC, LFTs, chemistries, coagulation panel, serum AFP JJ

(10–15% false negative), Hepatitis B/C panels.
Abdominal CT scan (special contrast protocol).JJ

FNA can be performed but is not always needed.JJ

VI
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TREATMENT RECOMMENDATIONS

Presentation Recommended treatment

Resectable Partial hepatectomyJJ

Unresectable, 
medically inoperable

Liver transplantJJ

Ablation (radiofrequency, cryotherapy, alcohol)JJ

chemoembolizationJJ

Conformal RTJJ

RT with concurrent chemotherapyJJ

SBRTJJ

Chemotherapy aloneJJ

Supportive careJJ

SURGERy
Partial hepatectomy is a treatment of choice if tumor can be JJ

resected with negative margins and patient has enough func-
tional reserve to tolerate procedure.

Five-year overall survival ~35–40%JJ

Total hepatectomy with liver transplant is an option for patients JJ

with advanced cirrhosis and tumors smaller than 5 cm without 
vascular invasion.

Five-year overall survival as high as ~70% in selected patientsJJ

Local failure is common.JJ

Role of adjuvant and neoadjuvant therapy unclear.JJ

AbLATIvE PROCEDURES/OTHER INTERvENTIONS
Radiofrequency ablation best for deep tumors with a diameter JJ

of 3 cm or less.
Cyroablation can treat tumors up to 6 cm in size but requires JJ

laparotomy.
Alcohol injection is commonly used because it is inexpensive JJ

but is limited to small tumors and may require several injec-
tions to be effective.
Cryoablation and alcohol injection no longer used in the US.JJ

Chemoembolization and intrahepatic artery chemotherapy JJ

have response rates of 40–50% but may not improve survival.
Systemic chemotherapy not useful, response rates <20%, no JJ

survival benefit, what about sorafinib?
Antiviral therapy for patients with chronic hepatitis.JJ

RADIATION THERAPy
JJ EBRT definitive

Option for unresectable tumors.JJ
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Use local field for each lesion.JJ

High doses may improve survival, use conformal techniques, JJ

SBRT.
Consider addition of concurrent FUDR hepatic arterial JJ

chemotherapy.
JJ EBRT palliative

Whole liver.JJ

Consider for patients with multiple small lesions and liver JJ

related symptoms who are not candidates for other 
therapies.

JJ
131I Lipiodol

Intraarterial injection.JJ

May decrease recurrences and improve overall survival.JJ

JJ Yttrium microspheres

STUDIES
Borgelt et al. (JJ 1981): Whole liver RT can relieve symptoms of 
abdominal pain, nausea, vomiting, fever, night sweats, ascites, 
anorexia, abdominal distention, weakness, fatigue.
Russell et al. (JJ 1993): RTOG whole liver fractionation paper. 
patients treated with 1.5 b.i.d with dose escalation 27 Gy ® 
30 Gy ® 33 Gy. No liver injury at 27 and 30 Gy. 5/51 patients 
had toxicity at 33 Gy. Authors suggest that 21 Gy may be insuf-
ficient radiation dose.
Dawson et al. (JJ 2000): University of Michigan method for treat-
ing with high dose 3DCRT. Sixty-eight percent response rate. 
Survival improved with tumor doses of 70 Gy or higher.
Dawson et al. (JJ 2002): Liver tolerance histograms. No radiation 
induced liver disease (RILD) with mean liver dose <31 Gy. Whole 
organ TD50 for mets 45.8 Gy, for primary hepatobiliary 39.8 Gy.
Mornex et al. (JJ 2006): Prospective phase II trial including 25 
patients with small-size HCC (1 nodule £5 cm or 2 nodules 
£3 cm) received 66 Gy in 2 Gy/fraction 3DCRT. CR achieved in 
80% and PR in 12%. Stable disease in 8%. Grade 4 toxicities 
occurred only in Child-Pugh B patients.
Seong et al. (JJ 2007): Retrospective analysis of 305 patients under-
going radiotherapy for HCC. Median survival was 11 months. 
The 1-, 2-, and 5-year OS were 45%, 24%, and 6%, respectively.
Tse et al. (JJ 2008): 41 patients (31 with HCC and 10 with intrahe-
patic cholangiocarcinoma) completed six-fraction SBRT. Median 
dose was 36 Gy. Median survival of HCC was 11.7 months.
Lau et al. (JJ 2008): 43 patients underwent curative resection for 
HCC and randomly assigned to one 1,850 MBq dose of 
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131I-lipiodol or no adjuvant therapy. The 5-, 7-, and 10-year DFS 
in treatment and control groups were 62% vs. 32% (p = 0.04), 
52% vs. 32% (p = 0.02), and 48% vs. 27% (p = 0.09), respectively. 
The 5-, 7-, and 10-year OS in treatment and control groups 
were 67% vs. 36% (p = 0.04), 67% vs. 32% (p = 0.02), and 52% 
and 27% (p = 0.09), respectively. DFS and OS difference became 
statistically insignificant at 8 year.
Zeng et al. (JJ 2004): Retrospective analysis of 203 patients with 
unresectable hepatocellular carcinoma received transcetheter 
arterial chemoembolization (TACE) or combination therapy 
with external beam radiotherapy. OS for radiotherapy and non-
radiotherapy groups for 1, 2, and 3 years were 72% vs. 60%, 42 
vs. 26%, and 24% vs. 11%, respectively.
Abou-Alfa et al. (JJ 2006): Phase II study including 137 patients 
with inoperable HCC, Child-Pugh A or B, no prior systemic 
treatment received oral sorafenib. Median OS 9.2 months.
Llovet et al. (JJ 2008): Phase III, multicenter RCT including 602 
patients with advanced HCC randomized to either sorafenib or 
placebo. Median OS was 10.7 months vs. 7.9 months (p < 0.001) 
for treatment vs. placebo. One-year OS 44% vs. 33% (p = 0.009).

RADIATION TECHNIQUES
SIMULATION AND fIELD DESIGN

Supine with arms above head (out of field).JJ

Use wingboard to immobilize arms and alpha cradle to stabi-JJ

lize torso.
Whole Liver (palliation only).JJ

AP/PA, chose borders based on CT scanJJ

3DCRT reasonable because permits generation of kidney JJ

and lung DVHs
Partial Liver (definitive option).JJ

3D treatment planningJJ

Give contrast with planning CT scan to visualize tumorJJ

CTV = gross tumor + 1 cm in all directionsJJ

PTV = CTV + 0.5 cm for setup error + 0.3–3 cm for organ motion JJ

error secondary to breathing (determined using fluoroscopy)
Stereotactic radiosurgery investigationalJJ

DOSE PRESCRIPTIONS
Whole liver: 21 Gy/7 fx.JJ

Partial liver: determined individually.JJ
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Prescribe dose that gives 10% risk of RILD based on NTCP JJ

model.
Limit isocenter dose to 90 Gy even if risk of RILD is less than JJ

10%.
1.5 Gy BID with at least 6 h between fractions.JJ

DOSE LIMITATIONS
Whole liverJJ

TD 5/5: 30 Gy/15 fxJJ

TD 50/5: 42 Gy/21fxJJ

2/3 of liver TD 5/5: 50.4 Gy/28 fxJJ

1/3 of liver TD 5/5: 68.4 Gy/38 fxJJ

COMPLICATIONS
Refer to Dawson paper (above) to estimate risk of RILD.JJ

RILD occurs 2–8 weeks after treatment.JJ

Signs/symptoms include fatigue, RUQ pain, ascites, JJ

hepatomegaly.
Alkaline phosphatase and transaminase levels are frequently JJ

markedly elevated while bilirubin levels remain near normal.

fOLLOW-UP
Office visit, CT scan, and labs (LFTs, AFP) every 3 months for 2 JJ

years, then every 6 months.

GALLBLADDER
PEARLS

Chronic gallbladder inflammation (usually from gallstones) JJ

increases risk of development of gallbladder cancer.
Generally considered to have poor prognosis, frequently JJ

advanced stage at presentation.
Usually undiagnosed before cholecystectomy.JJ

Can be found incidentally after simple cholecystectomy for JJ

benign etiology.

WORKUP
Labs: CBC, LFTs, chemistries, coagulation panel, serum CEA, JJ

CA 19–9.
Right upper quadrant US and/or abdominal CT scan and/or MRI.JJ

ERCP or percutaneous needle biopsy for diagnosis.JJ
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TREATMENT RECOMMENDATIONS

Presentation Recommended treatment

Incidental finding 
on cholecystectomy 
pathology, T1a

Cholecystectomy is adequate surgery.JJ

No adjuvant therapyJJ

Incidental finding 
on cholecystectomy 
pathology, T1b or  
more advanced

Additional resection with lymphadenectomyJJ

Adjuvant treatment with RT and concurrent  JJ

5FU based chemo

Mass on imaging or 
jaundice, resectable

Surgery with lymphadenectomyJJ

Adjuvant treatment with RT and concurrent JJ

5FU based chemo

Mass on imaging 
or jaundice, 
unresectable

Biliary decompression if neededJJ

RT with concurrent 5FU based chemoJJ

Gemcitabine or 5FU based chemo aloneJJ

Supportive careJJ

SURGERy
Cholecystectomy possible in ~30% of patients.JJ

Radical cholecystectomy with partial hepatectomy for node neg-JJ

ative patients with invasion of perimuscular connective tissue.
Palliation.JJ

ADJUvANT THERAPy
Role of EBRT and chemo-RT unclear, but generally recom-JJ

mended for residual disease after surgery.

STUDIES
Cubertafond et al. (JJ 1999): Review of surgical data for 724 
patients. Five-year survival: Tis 93%, T1 18%, T2 10%. No 
3-year survivors with T3/4 cancer.
North et al. (JJ 1998): Review of surgical data for 162 patients. 
Median survival: complete resection 67 months, microscopic 
residual disease 9 months, gross residual disease 4 months. 
Some patients received chemo and/or RT.
Mojica et al. (JJ 2007): Retrospective analysis of 3,187 cases of 
gallbladder cancer in SEER registry. Adjuvant RT was used in 
17% of cases. Median survival for patients receiving adjuvant 
RT was 14 months compared to 8 months (p £ 0.001) for those 
not receiving RT. Survival benefit only for those with regional 
spread and tumors infiltrating liver.
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Duffy et al. (JJ 2008): Retrospective analysis of 435 patients with 
gallbladder cancer. Median OS was 10 months with median 
survival of stage Ia-III of 12.9 months and stage IV of 6 months. 
Of those who received curative resections (123 patients), 20% 
received adjuvant therapy. Median survival for those who 
received adjuvant therapy was 23.4 months, but was not statis-
tically significant.
Czito et al. (JJ 2005): Retrospective analysis of 22 patients with 
primary and nonmetastatic gallbladder cancer treated with 
surgical resection followed by concurrent radiotherapy (median 
dose 45 Gy) and 5FU chemotherapy. Five-year LRC, DFS, and 
OS were 59%, 33%, and 37%, respectively. Median survival was 
1.9 year.

JJ SEER (Wang 2008): 4,180 patients with resected gallbladder 
cancer, 18% received adjuvant RT. Adjuvant RT improved MS 
for ³T2N+ disease from 8 to 15 months. Some patients with 
³T2N0 disease may benefit, but to a smaller degree. Nomogram 
derived in paper.

RADIATION TECHNIQUES
SIMULATION AND fIELD DESIGN

Supine with arms above head (out of field).JJ

Use wingboard to immobilize arms and alpha cradle to stabi-JJ

lize torso.
CT scan for treatment planning.JJ

Cover tumor bed and local regional lymph nodes including JJ

portahepatis, pericholechal, celiac, and pancreaticoduodenal.

DOSE PRESCRIPTION
45 Gy/25 fx followed by boost to reduced fields.JJ

DOSE LIMITATIONS
Small bowel <45–50.4 Gy/25–28 fxJJ

Spinal cord <45 Gy/25 fxJJ

Liver (see previous sections, use NTCP model)JJ

Kidney 1/3 JJ £ 20 Gy

COMPLICATIONS
RILDJJ

Small bowel obstructionJJ

Fistula formationJJ
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fOLLOW-UP
See liver section aboveJJ

BILE DUCT
PEARLS

Divided into intrahepatic (IHCC) and extrahepatic (EHCC) JJ

cholangiocarcinoma.
Klatskin (hilar) tumor is located at birufication of common JJ

hepatic duct and is classified as extrahepatic.
History of primary sclerosing cholangitis gives 10% lifetime JJ

risk of developing cholangiocarcinoma.
Chronic inflammation from tape worm infection increases risk JJ

of developing cholangiocarcinma.
Cholecystectomy decreases risk of cholangiocarcinoma.JJ

~55% of patients are lymph node positive at diagnosis.JJ

WORKUP
Labs: CBC, LFTs, chemistries, coagulation panel, CA 19–9, JJ

CEA, Hepatitis B/C.
Right upper quadrant US and/or abdominal CT scan and/or JJ

MRI.
ERCP with biopsy.JJ
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VI

STAGING (AJCC 7TH ED., 2010): PERIHILAR bILE DUCT
Editors’ note: All TNM stage and stage groups referred to elsewhere in this 
chapter reflect the 2002 AJCC staging nomenclature unless otherwise 
noted as the new system below was published after this chapter was 
written.

Primary tumor (T)
TX: Primary tumor cannot be assessed
T0: No evidence of primary tumor
Tis: Carcinoma in situ
T1:  Tumor confined to the bile duct, with extension up to the muscle layer or fibrous 

tissue
T2a:  Tumor invades beyond the wall of the bile duct to surrounding adipose tissue
T2b: Tumor invades adjacent hepatic parenchyma
T3: Tumor invades unilateral branches of the portal vein or hepatic artery
T4:  Tumor invades main portal vein or its branches bilaterally; or the common hepatic 

artery; or the second-order biliary radicals bilaterally; or unilateral second-order biliary 
radicals with contralateral portal vein or hepatic artery involvement

Regional lymph nodes (N)
NX: Regional lymph nodes cannot be assessed
N0: No regional lymph node metastasis
N1:  Regional lymph node metastasis (including nodes along the cystic duct, common bile 

duct, hepatic artery, and portal vein)
N2:  Metastasis to periaortic, pericaval, superior mesenteric artery, and/or celiac artery 

lymph nodes

Distant metastasis (M)
M0: No distant metastasis
M1: Distant metastasis

Anatomic stage/prognostic groups
0: Tis N0 M0
I: T1 N0 M0
II: T2a-b N0 M0
IIIA: T3 N0 M0
IIIB: T1-3 N1 M0
IVA: T4 N0-1
IVB: Any T N2 M0
 Any T any N M1

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, IL. 
The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010) published by Springer Science+Business Media.

STAGING (AJCC 7TH ED., 2010): DISTAL bILE DUCT
Editors’ note: All TNM stage and stage groups referred to elsewhere in this 
chapter reflect the 2002 AJCC staging nomenclature unless otherwise noted 
as the new system below was published after this chapter was written.

Primary tumor (T)
TX: Primary tumor cannot be assessed
T0: No evidence of primary tumor
Tis: Carcinoma in situ
T1: Tumor confined to the bile duct histologically
T2: Tumor invades beyond the wall of the bile duct

continued
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T3:  Tumor invades the gallbladder, pancreas, duodenum, or other adjacent organs without 
involvement of the celiac axis, or the superior mesenteric artery

T4: Tumor involves the celiac axis, or the superior mesenteric artery

Regional lymph nodes (N)
NX: Regional lymph nodes cannot be assessed
N0: No regional lymph node metastasis
N1: Regional lymph node metastasis

Distant metastasis (M)
M0:  No distant metastasis
M1: Distant metastasis

Anatomic stage/prognostic groups
0: Tis N0 M0
IA: T1 N0 M0
IB: T2 N0 M0
IIA: T3 N0 M0
IIB: T1-T3 N1 M0
III: T4 Any N M0
IV: Any T any N M1

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, IL. 
The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010), published by Springer Science+Business Media.

STAGING (AJCC 7TH ED., 2010):  AMPULLA Of vATER

Primary Tumor (T)
TX: Primary tumor cannot be assessed
T0: No evidence of primary tumor
Tis: Carcinoma in situ
T1: Tumor limited to ampulla of Vater or sphincter of Oddi
T2: Tumor invades duodenal wall
T3: Tumor invades pancreas
T4:  Tumor invades peripancreatic soft tissues or other adjacent organs or structures other 

than pancreas

Regional Lymph Nodes (N)
NX: Regional lymph nodes cannot be assessed
N0: No regional lymph node metastasis
N1: Regional lymph node metastasis

Distant Metastasis (M)
M0: No distant metastasis
M1: Distant metastasis

Anatomic Stage/Prognostic Groups
0: Tis N0 M0
IA: T1 N0 M0
IB: T2 N0 M0
IIA: T3 N0 M0
IIB: T1-T3 N1 M0
III: T4 Any N M0
IV: Any T Any N M1

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, 
Illinois. The original source for this material is the AJCC Cancer Staging Manual, Seventh 
Edition (2010) published by Springer Science+Business Media.
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TREATMENT RECOMMENDATIONS

Presentation Recommended treatment

Intrahepatic cholangiocarcinoma

Resectable
No residual disease

Surgery followed by observationJJ

Resectable
Residual disease  
(MS 10–20 months;  
5-year OS 20–35%)

Surgical resection, repeat resection if JJ

possible
Ablative procedureJJ

RT with concurrent 5FU based chemoJJ

Consider SBRTJJ

Gemcitabine based chemo aloneJJ

Unresectable
(MS 7 months;  
5-year OS 0%)

Ablative procedureJJ

RT with concurrent 5FU based chemoJJ

Consider SBRTJJ

5FU or gemcitabine based chemo aloneJJ

Supportive careJJ

Extrahepatic cholangiocarcinoma

Resectable
No residual disease
(MS 20–25 months;  
5-year OS 30%)

Surgery followed by observationJJ

Resectable
Residual disease
(MS 13 months)

Surgery followed RT with concurrent JJ

5FU based chemo

Unresectable
(MS 6–12 months)

RT with concurrent 5FU based chemo JJ

(consider brachytherapy boost)
RT with concurrent 5FU based chemo JJ

followed by transplant
5FU or gemcitabine based chemo aloneJJ

Supportive careJJ

SURGERy
Complete surgical resection is the most effective treatment.JJ

Surgical procedure depends on tumor location and extent JJ

of disease.
Partial hepatectomy or lobectomy for intrahepatic tumors.JJ

Roux-en-y hepaticojejunostomy for hilar tumors.JJ

Pancreaticoduodenectomy for distal lesions.JJ

Liver transplant.JJ

Palliative Options - biliary enteric bypass, percutaneous tran-JJ

shepatic biliary drainage, stents.
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ADJUvANT THERAPy
Not studied prospective.JJ

Adjuvant RT and chemotherapy may improve overall survival.JJ

STUDIES
Todoroki et al. (JJ 2000): 63 patients. Treatment: surgical resec-
tion. RT given to 28/47 with microscopic disease and 13/14 
with gross residual disease. 5-year OS with RT 32 months vs. 
surgery alone 13.5 months. RT group OS: IORT+EBRT 39%, 
IORT alone 17%, EBRT alone 0%. LRC with RT 79% vs. with 
surgery alone 31.2%. IORT dose recommendations - 20 Gy, 
8 MeV electrons, 6 cm cone.
Schoenthaler et al. (JJ 1994): UCSF experience. 129 patients, ret-
rospective, extrahepatic ducts only. Treatment: 62 patients sur-
gery alone, 45 patients surgery + conventional RT (46 Gy 
median), 22 patients surgery + charged particles (60 GyE 
median). MS: 6.5 months with surgery, 11 months with surgery 
+ EBRT, 14 months with surgery + particles, 7 months with 
gross residual disease, 19 months with microscopic residual 
disease, and 39 months with negative margins.
Alden and Mohiuddin (JJ 1994): Unresectable disease. Higher RT 
doses improve survival. MS: 44 Gy = 4.5 months, 45–54 Gy = 18 
months, >54 Gy = 24 months. Recommended dose is 45 Gy 
EBRT with a 25-Gy intraluminal brachytherapy boost.
Crane et al. (JJ 2002): 52 patients, locally advanced, unresectable 
treated with RT + chemo (73% of patients, PVI 5FU). Median 
time to local progression: 9 months after 30 Gy, 11 months 
after 36–50.4 Gy, 15 months after 54–85 Gy (p = ns). MS 10 
months. Grade 3 toxicity similar in all groups.
Borghero et al. (JJ 2008): Retrospective analysis of 65 patients with 
extrahepatic bile duct adenocarcinoma treated with curative-
intent resection (S). For those with high-risk of local regional 
recurrence (42 patients), adjuvant chemoradiation (S-CRT) was 
implemented. Five-year OS and LRR for S- vs. S-CRT groups 
were 36% vs. 42% and 38% vs. 37%, respectively.
Nelson et al. (JJ 2009): Retrospective analysis of 45 patients 
underwent resection followed by concurrent chemoradiation. 
Thirty-three patients underwent adjuvant radiotherapy and 12 
neoadjuvant radiotherapy. Five-year OS, DFS, LRC were 33%, 
37%, and 78%, respectively. Median survival was 34 months. 
Patients treated neoadjuvantly showed a trend toward longer 
5-year OS (53% vs. 23%) but was not statistically significant.
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RADIATION TECHNIQUES
SIMULATION AND fIELD DESIGN

Supine with arms above head (out of field).JJ

Use wingboard to immobilize arms and alpha cradle to stabi-JJ

lize torso.
CT scan for treatment planning.JJ

Cover tumor bed, porta hepatis, celiac axis + 1.5 cm margins.JJ

Consider extending field 3–5 cm into liver to cover additional JJ

intrahepatic bile duct length for margin.
Add additional margins as needed to account for organ motion JJ

secondary to breathing, determined using fluoroscopy or per-
form 4D CT to define ITV.

DOSE PRESCRIPTION
45 Gy/25 fx to large field described above.JJ

Additional boost dose should be given. Options include: EBRT JJ

with conedown to tumor bed to 60 Gy total; 192Ir intraluminal 
brachytherapy (20–25 Gy); IORT at time of surgery.

DOSE LIMITATIONS
See liver and gallbladder sections.JJ

COMPLICATIONS
RILD rare, as much of the liver can be excluded from the field.JJ

Cholangitis after brachytherapy.JJ

Small bowel damage (ulcer, bleeding, obstruction).JJ

fOLLOW-UP
See liver section above.JJ
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Chapter 22

Colorectal Cancer

Marc B. Nash, Hans T. Chung, and Kavita K. Mishra

PEARLS
Third most frequently diagnosed cancer in the US men and JJ

women.
108,070 new cases of colon cancer and 40,740 new cases of JJ

rectal cancer in the US in 2008. Combined mortality for 
 colorectal cancer 49,960 in 2008.
Rectum begins at the rectosigmoid junction at level of S3 ver-JJ

tebra. It is divided into three ~5 cm segments by transverse 
folds: upper, mid, lower rectum. Cancer of rectum is defined as 
those straddling or inferior to the peritoneal reflection.
Rectal nodal drainage: superior half rectum drains to pararec-JJ

tal, sacral, sigmoidal, inferior mesenteric; inferior half rectum 
drains to internal iliacs; lower rectum and tumors extending to 
anal canal may drain to superficial inguinal nodes.
Rectal metastases travel along portal drainage to liver via supe-JJ

rior rectal vein, as well as systemic drainage to lung via middle 
and inferior rectal veins.
Colon nodal drainage: left colon to inferior mesenteric; right JJ

colon to superior mesenteric. Periaortic nodes at risk if cancer 
invades retroperitoneum. External iliac nodes at risk if cancer 
invades adjacent pelvic organs.
Hematochezia most common presentation in rectal and lower JJ

sigmoid CA; abdominal pain common with colon CA.

SCREENING
Average risk persons (age JJ ³ 50 years, asymptomatic, no FH): 
colonoscopy q10 year (preferred) or FOBT q1 year + flexible 
sigmoidoscopy q5 year or double-contrast barium enema q5 
year.
Inflammatory bowel disease: colonoscopy q1–2 years, initiate 8 JJ

years after symptom onset if pancolitis or 15 years after symptom 
onset if L-sided colitis.

VI
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Family Hx (non-FAP/HNPCC): colonoscopy q1–5 years, initiate JJ

at age 40 years or 10 years prior to earliest cancer diagnosis in 
family.
Familial adenosis polyposis (lifetime cancer risk ~100% by age JJ

50): APC gene testing, early screening, colectomy, or procto-
colectomy after onset of polyposis.
Hereditary nonpolyposis colorectal cancer: colonoscopy q1–2 JJ

years, initiate at age 20–25 or 10 years younger than earliest 
cancer diagnosis in family.

WORKUP
H&P including DRE and complete pelvic exam in women. Note JJ

size, location, ulceration, mobile vs. tethered vs. fixed, and 
sphincter function on rectal exam.
Labs including CBC, LFTs, CEA.JJ

Complete colonoscopy with endoscopic biopsy, pathology JJ

review.
Endorectal US to assess tumor extension and nodal status.JJ

CT chest/abdomen/pelvis. Consider pelvic MRI.JJ

~20% of patients may be over or understaged clinically (Guillem JJ

2008; Sauer et al. 2004).
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TREATMENT RECOMMENdATIONS

2002 Stage Rectal cancer ~5-year LF/OS

I TME with APR (low lesions) JJ

or LAR (midupper lesions). If 
pT1-2N0, no adjuvant treatment
Consider local excision for favor-JJ

able tumors (<3 cm size, <30% 
circumference, within 8 cm 
of anal verge, well-moderately 
differentiated; margin >3 mm, 
no LVSI/PNI). Following local 
excision, favorable T1 lesions 
may be observed, while T2 lesions 
should receive adjuvant 5-FU/RT

<5% LF
90% OS

II and III 
(locally 
resectable)

Pre-op 5-FU/RT JJ ® LAR/APR ® 
adjuvant 5-FU-based therapy* × 
3 cycles (preferred)
If patient treated with surgery JJ

initially, then pt should receive 
adjuvant 5-FU × 2 cycles ® 
concurrent chemoRT ® 5-FU × 
2 cycles

T3N0 and T1-2N1:
 5–10% LF
 80% OS
T4N0 and T3N1:
 10–15% LF
 60% OS
T4N1 and T3/4N2:
 15–20% LF
 40% OS

III (T4/
locally 
unresec-
table)

If obstructed, may need diverting JJ

colostomy or stent placed prior 
to definitive treatment. 5-FU/RT 
® resection if possible. Consider 
IORT for microscopic disease (after 
50 Gy EBRT, give IORT 12.5–15 Gy 
to 90% IDL) or brachytherapy for 
macroscopic disease ® adjuvant 
5-FU-based therapy*

IV Individualized options, including JJ

combination 5-FU-based chemo 
alone, or chemo ± resection ± RT

Recurrent Individualized options. If no JJ

prior RT, then consider chemoRT, 
followed by surgery ± IORT or 
brachytherapy. If prior RT, then 
chemo ® surgery ± IORT or 
brachytherapy as appropriate

*Consider post-op 5-FU ± leucovorin vs. FOLFOX (infusional 5-FU/
leucovorin/oxaliplatin) vs. FOLFIRI (infusional 5-FU/leucovorin/
irinotecan).
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Stage Colon cancer**

I Colectomy + LND

IIA Colectomy + LND. For adverse pathologic features, consider 
adjuvant chemo

IIB Colectomy + LND. Consider adjuvant chemo

III Colectomy + LND → adjuvant chemo

IV Consider resection and neoadjuvant/ adjuvant chemo

**No clear OS/LC benefit with RT in colon CA. May consider post-op 
RT in setting of node-negative disease if close/+ margins and tumor 
bed can be clearly identified.

STUdIES
RECTAL
PRE-OP RT vS. SURGERy ALONE

JJ Dutch Colorectal Cancer Group (Kapiteijn et al. 2001, ASCO 2002; 
Peeters 2007): 1,861 patients with resectable rectal CA random-
ized to pre-op RT (25 Gy/5 fx) and surgery vs. surgery alone (TME 
surgery). Pre-op RT improved 2-year LR (2% vs. 8%) and 5-year 
LR (6% vs. 12%). No difference in survival. At 5 year, RT increased 
fecal incontinence (62 vs. 33%), pad wearing, bleeding (11 vs. 
3%), and mucous discharge.

JJ Swedish Rectal Cancer Trial (Pahlman et al. 1997; Folkesson et al. 
2005): 1,168 patients with resectable rectal CA randomized to 
pre-op RT (25 Gy/5 fx) and surgery vs. surgery alone (non-TME 
surgery). Pre-op RT improved 5-year LR (11% vs. 27%) and 
5-year OS (58% vs. 48%). Thirteen-year OS was 38% vs. 30%.

PRE-OP vS. POST-OP ChEMORT
JJ German Rectal Cancer Study Group (Sauer et al. 2004): 823 patients 
with T3/4 or N+ rectal CA randomized to pre-op vs. post-op 
chemoRT. Both arms had 50.4 Gy with concurrent 5-FU; post-op 
arm had additional 5.4 Gy boost. Pre-op chemoRT improved 
5-year LR rate (6% vs. 13%); increased rate of sphincter saving 
procedures (39% vs. 19%); and decreased grade 3–4 acute and late 
toxicity and late anastomotic strictures. Twenty-five percent of 
pre-op group compared to 40% post-op had positive LN, and there 
was pCR in 8% of pre-op group. In post-op arm, 18% of initially 
eligible patients were overstaged and excluded due to finding of 
pT1-2N0 disease at time of surgery. No difference in survival.
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JJ MRC CR07/NCIC-CTG C016 (Sebag-Montefiore et al. 2009): 
Phase III. 1,350 patients with resectable rectal CA randomized 
to short-course pre-op RT (25 Gy/5fx) + surgery vs. surgery + 
selective post-op chemoRT (45 Gy and 5-FU) restricted to 
patients with involvement of the circumferential resection mar-
gin. Reduction in LR for pre-op RT vs. selective post-op chemoRT 
(4.4% vs. 10.6%). No difference in OS. Quirke et al. (2009): 1,156 
patients evaluated in terms of plane of surgery achieved and the 
involvement of the circumferential resection margin. Plane of 
surgery classified as good (mesorectal), intermediate (intrame-
sorectal), and poor (muscularis propria plane). Three-year LRR 
4% (mesorectal), 7% (intramesorectal), and 13% (muscularis 
propria group). Patients in short-course RT group with resec-
tion in mesorectal plane had 3-year LRR 1%. All pt groups with 
pre-op short-course RT had decreased local recurrence.

PRE-OP ChEMORT vS. PRE-OP RT
Pre-op chemoRT appears to increase pCR (~5 JJ ®15%) and LC 
(~80–85% ® 90%), but not sphincter saving surgery (~50%) or 
OS (~65%) compared with pre-op RT alone.

JJ French FFCD 9203 (Gerard 2006): 733 eligible patients with 
T3-4N0 resectable adenoca rectum randomized to pre-op RT 
(1.8/45 Gy) vs. pre-op concurrent RT + bolus 5FU and LV d1-5 
weeks 1 and 5. All patients had adjuvant 4c of FU-LV chemo. 
Pre-op chemoRT increased pCR (4 ®11%) and LC (83 ®92%), 
but also grade 3–4 toxicity (3 ®15%). No difference in sphinc-
ter saving surgery (52%), EFS, or OS (67%).

JJ EORTC 22921 (Bosset et al. 2006; JCO 2007): 1,011 patients 
with resectable rectal CA randomized to pre-op RT, pre-op 
chemoRT, pre-op RT + post-op chemo, or pre-op chemoRT + 
post-op chemo. RT consisted of 45 Gy and chemo consisted of 
5-FU and leucovorin (pre-op chemo × 2 cycles, post-op chemo 
× 4cycles). No difference in 5-year OS between pre-op and 
post-op chemo groups (64.8% vs. 65.8%). Five-year LRR 
improved for chemoRT groups (8.7, 9.6, and 7.6%) compared 
to RT alone group (17.1%), and chemoRT increased the pCR 
rate (5 ®14%).

JJ Polish Colorectal Study Group (Bujko et al. 2006): Phase III 
trial. 312 patients with T3/4 resectable rectal CA randomized to 
pre-op RT (25 Gy/5fx) + surgery vs. pre-op chemoRT (50.4 Gy 
with bolus 5-FU and leucovorin) + surgery. Early radiation tox-
icity was higher in the chemoRT group (18.2% vs. 3.2%). 
Neoadjuvant chemoRT did not increase OS, LC, or late toxicity 
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compared to short-course RT alone, although there was 
increased downstaging with chemoRT.

POST-OP ChEMO, RT, ANd/OR ChEMORT
Post-op RT increases LC, while chemo increases LC and OS; JJ

PVI 5-FU during RT improves OS vs. bolus 5-FU.
JJ GITSG 7175 (Thomas and Lindblad, 1988): 227 patients with 
stage B2-C rectal CA randomized postoperatively to no adju-
vant therapy vs. chemo alone vs. RT alone vs. concurrent 
chemoRT. ChemoRT arm improved 5-year DFS and OS over 
control.

JJ Intergroup/NCCTG (O’Connell et al. 1994): 660 patients with 
stage II or III rectal CA randomized to postoperative bolus 
5-FU vs. PVI 5-FU during post-op pelvic RT. Chemo given ± 
semustine. PVI 5-FU improved 4-year OS (70% vs. 60%) and 
relapse-free rate (63% vs. 53%). No benefit with semustine.

JJ Intergroup 0114 (Tepper et al. 2002; JCO 2001): 1,695 patients with 
T3/4 or N+ rectal CA randomized to postoperative bolus 5-FU vs. 
5-FU and leucovorin vs. 5-FU and levamisole vs. 5-FU, leucovorin, 
and levamisole. All received concurrent pelvic RT 50.4–54 Gy. No 
difference in 7-year OS (~56%) and DFS (~50%) between 4 chemo 
arms. Number of LN examined was associated with OS for N0 
patients. Recommend minimum 14 LN should be examined.

JJ NSABP R-01 (JNCI 1988): 555 patients with B-C (II-III) rectal 
cancer treated with surgery alone vs. post-op RT (46–47 Gy) vs. 
post-op chemo (5-FU, semustine, vincristine). RT improved LF 
(25 ®16%), while chemo improved DFS (30 ® 42%) and OS 
(43 ®53%) vs. observation.

JJ NCCTG 79-47-51 (NEJM 1991): 204 patients with T3/4 or LN+ 
(B2-C) randomized to post-op RT (45–50.4 Gy) vs. chemoRT 
(bolus 5-FU concurrent). ChemoRT improved LF (25 ®14%), 
DM, DFS, and OS (48 ®58%) vs. RT alone.

JJ NSABP R-02 (JNCI 2000): 694 patients with Dukes’ B-C (II-III) 
treated with surgery ® post-op chemo (5-FU/LV vs. MOF) + 
concurrent RT. Post-op RT reduced 5-year LF (14 ®8%), but 
there was no difference in DFS or OS.

JJ Pooled-analysis (Gunderson et al. 2004): Pooled rectal analysis 
of 3,791 patients on NCCTG trials, Int 0144, NSABP RO1, and 
RO2. Increasing T and N stage negatively impacted survival, 
but N stage alone does not determine survival. For intermedi-
ate-risk patients, post-op chemo appeared to improve OS after 
surgery (to ~85%), similar to post-op chemoRT. For moderately 
high-risk and high-risk patients, DFS, OS, and LF tended to be 
better with chemoRT than with chemo alone.
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Risk group ~5-year OS ~DFS ~LR ~DM

Low
T1-2N0

90% 90% <5% 10%

Intermediate
T1-2N1, T3N0

80% (75–85%)  
with S+C+-RT

75% (65–80%) 5–10% 15–20%

Moderately  
high  
T1-2N2, 
T3N1, T4N0

60%  
(40–80%)

55% (45–60%) 10–20%
C only >15%
CRT 10–15%

30–35%

High
T3N2, T4N+

40% (25–60%) 30–35% 15–20%
C only >20%
CRT <20%

>40%

LOCAL ExCISION
Rationale for local excision is to avoid APR for lesions <8 cm JJ

from verge, but not to avoid LAR which still allows sphincter 
sparing.
If high-grade, LVSI, signet ring cells, or JJ ³T2, local failure is 
>15% and incidence of involved mesorectal and/or pelvic LN is 
10–20%, so do not use WLE alone.

JJ RTOG 89-02 (Russell et al. 2000): 65 patients in phase II trial of 
sphincter-sparing local excision for low-lying rectal tumors 
£4 cm, £40% circumference, mobile, N0 status. 51 higher-risk 
patients also received post-op chemoRT. RT dose 45–50 Gy with 
boost to total 50–65 Gy. Five-year OS 78%, 11 patients failed. LRF 
correlated with T stage (T1 4%, T2 16%, T3 23%) and percentage 
of rectal circumference involved. DM correlated with T stage.

JJ MDACC (Bonnen 2004): Reviewed 26 patients with T3 rectal can-
cer who refused APR after pre-op chemoRT and were treated with 
WLE. Fifty-four percent had pCR, 35% had micro residual dz, and 
12% had gross residual dz. Only 2/26 (6%) pelvic failures.

COLON
JJ INT0130 Trial (2004): 222 patients with resected T3N1-N2 or 
T4 colon CA randomized to chemo vs. chemoRT. RT given as 
45 Gy/25 fx ± 5.4 boost to tumor bed. No difference in survival 
or local recurrence.
Andre et al. (JJ 2004): 2,246 patients with stage II or III colon CA 
randomized to postoperative 5-FU/leucovorin vs. 5-FU/leucovorin/
oxaliplatin. Oxaliplatin improved 3-year DFS (78% vs. 73%).
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Twelves eta l. (JJ 2005): 1,987 patients with resected stage III 
colon CA randomized to oral capecitabine vs. bolus 5FU/LV. 
Capecitabine had at least equivalent DFS, with improved RFS 
with fewer adverse events.
Moertel et al. (JJ 1990): 1,296 patients with resected colon cancer, 
which either was locally invasive (Stage B2–3) or had regional 
nodal involvement (Stage C), were randomized to observation 
vs. treatment for one year with levamisole and fluorouracil. 
Overall death rate was reduced by 33% in chemo treatment 
arm.

RAdIATION TEChNIQUES
RECTAL CANCER
SIMULATION ANd FIELd dESIGN

Prone position; radiopaque markers include anal, vaginal, rec-JJ

tal, perineal skin; wire perineal scar if present; small bowel 
contrast, ensure bladder full.
Rectal field designed to cover tumor with margin, presacral, JJ

and internal iliac nodes (if T4, external iliac nodes also).
JJ Whole Pelvis (PA field) borders: Superior = L5-S1; inferior = 
3 cm below initial tumor volume or inferior obturator fora-
men, whichever most inferior; lateral = 1.5 cm outside pelvic 
inlet.

JJ Whole Pelvis (Lateral fields) borders: Posterior = behind bony 
sacrum; anterior = posterior pubic symphysis if T3 vs. anterior 
pubic symphysis if T4. Corner blocks as needed.
Avoid flashing posterior skin, unless s/p APR, and then include JJ

perineal scar in all fields.
JJ Tumor bed boost borders: tumor + 2–3 cm margin superior/
inferior/anterior; posterior border includes sacral hollow. 
Corner blocks used to protect small bowel.

JJ For rectal cancers extending inferior to dentate lone: inguinal 
nodes are at risk and IMRT is used in this situation to decrease 
dose to the genitalia (Fig. 22.1).
IORT: consider for close/+ microscopic margins, especially for JJ

T4 or recurrent CA.
Brachytherapy: consider for macroscopic residual after pre-op JJ

chemoRT and resection.
Chemo: Concurrent PVI 5-FU-based therapy with RT given as JJ

5-FU 225 mg/m2 over 24 h 7 days/week during RT. Use of oral 
5-FU is becoming common.
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dOSE PRESCRIPTIONS
Whole Pelvis: 3 field with PA + opposed laterals; use lateral wedges JJ

as appropriate. 45 Gy (1.8 Gy × 25 fx) then boost. Use high energy 
photon beams for lateral fields. Choose appropriate energy pho-
ton beam for PA field based on the depth of sacral hollow.
Boost: opposed laterals only; 5.4 Gy (1.8 Gy × 3 fx), to total dose JJ

50.4 Gy. Consider second boost to 54 Gy if all small bowel is out 
of field.
If no planned surgical intervention, definitive RT dose is 45 Gy JJ

to whole pelvis, then tumor boost including primary and sacral 
hollow to 50.4 Gy as above. Then second boost to primary 
tumor, off small bowel, with additional 9–59.4 Gy.

dOSE LIMITATIONS (AT STANdARd FRACTIONATION)
Small bowel 45–50 GyJJ

Femoral head and neck 42 GyJJ

Bladder 65 GyJJ

Rectum 60 GyJJ

RAdIATION TEChNIQUES: COLON CANCER
No clear evidence of survival benefit with RT. However, RT may JJ

be useful in the setting of node-negative disease with close/+ 
microscopic margins at the primary site, where a target can be 
clearly demarcated. If RT is included in treatment regimen, 

a b

Fig. 22.1  (a) PA and (b) lateral DRRs of fields used to treat a T3N0 rectal primary. 
The lateral boost field is indicated by the black dotted line. Note: radiopaque markers 
not shown
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field should include margin around tumor bed based on pre-op 
imaging and/or surgical clips.
Dose 45–50 Gy in 25–28 fx.JJ

COMPLICATIONS
Potential side effects include diarrhea, dysuria, fatigue, skin JJ

irritation, and hematologic toxicity. Long term GI complica-
tions include change in bowel habits, rectal urgency, diarrhea, 
anastomotic stricture, small bowel obstruction.
Check weekly CBC and skin reaction on treatment.JJ

FOLLOW-UP
H+P, CEA every 3 months JJ × 2 years, then every 6 months × 5 
years.
Consider CT scan if high risk of recurrence approximately JJ

every 4–6 months. Recurrence commonly occurs within 2 years 
after initial therapy. However, late failures even beyond 5 years 
have been noted after local excision.
Colonoscopy in 1 year, then every 2–3 years if negative.JJ

Acknowledgement We thank Richard M. Krieg, M.D., for his valuable 
advice in the preparation of this chapter.

REFERENCES
Andre T, Boni C, Mounedii-Boudiaf L, et al. Oxaliplatin, fluorouracil, and leucovorin as adjuvant 

treatment for colon cancer. N Engl J Med 2004;350:2343-2351.
Add Collette L, Bosset JF, den Dulk M et al. Patients with curative resection of cT3-4 rectal cancer 

after preoperative radiotherapy or radiochemotherapy: does anybody benefit from adjuvant 
fluorouracil-based chemotherapy? A trial of the European Organisation for Research and 
Treatment of Cancer Radiation Oncology Group. J Clin Oncol. 2007 Oct 1;25(28):4379-
4386.

Add Fisher B, Wolmark N, Rockette H et al. Postoperative adjuvant chemotherapy or radiation 
therapy for rectal cancer: results from NSABP protocol R-01. J Natl Cancer Inst. 1988 Mar 
2;80(1):21-29.

Add Tepper JE, O'Connell MJ, Niedzwiecki D et al. Impact of number of nodes retrieved on  
outcome in patients with rectal cancer. J Clin Oncol. 2001 Jan 1;19(1):157-163.

Bonnen M, Crane C, Vauthey JN, et al. Long-term results using local excision after preoperative 
chemoradiation among selected T3 rectal cancer patients. IJROBP 2004;60(4):1098-1105.

Bosset J, Collette L, Calais G, et al. Chemotherapy with preoperative radiotherapy in rectal cancer. 
N Engl J Med 2006;355:1114-1123.

Bujko K, Nowacki MP, Nasierowska-Guttmejer A, et al. Long-term results of a randomized  
trial comparing preoperative short-course radiotherapy with preoperative conventionally 
fractionated chemoradiation for rectal cancer. Br J Surg 2006;93:1215-1223.

Folkesson J, Birgisson H, Pahlman L, et al. Sweedish Rectal Cancer Trial: long lasting benefits 
from radiotherapy on survival and local recurrence rate. J Clin Oncol 2005;23:5644-5650.

Gérard JP, Conroy T, Bonnetain F et al. Preoperative radiotherapy with or without concurrent 
fluorouracil and leucovorin in T3-4 rectal cancers: results of FFCD 9203. J Clin Oncol. 2006 
Oct 1;24(28):4620-4625.



394 Handbook of EvidEncE-basEd Radiation oncology

Guillem JG, Diaz-Gonzalez JA, MInsky BD, et al. cT3N0 rectal cancer: potential overtreatment 
with preoperative chemoradiotherapy is warranted. J Clin Oncol 2008;26(3):368-373.

Gunderson LL, Sargent DJ, Tepper JE, et al. Impact of T and N stage and treatment on survival 
and relapse in adjuvant rectal cancer: a pooled analysis. J Clin Oncol 2004;22:1785-1796.

Kapiteijn E, Marijnen CAM, Nagtegaal ID, et al. Preoperative radiotherapy combined with total 
mesorectal excision for resectable rectal cancer. N Engl J Med 2001;345:638-646.

Krook JE, Moertel CG, Gunderson LL, et al. Effective surgical adjuvant therapy for high-risk 
rectal carcinoma. N Engl J Med. 1991;324(11):709-715.

Moertel CG, Fleming TR, Macdonald JS, et al. Levamisole and fluorouracil for adjuvant therapy 
of resected colon carcinoma. N Engl J Med 1990;322:352-358.

NSABP R-02 reference: Wolmark N, Wieand HS, Hyams DM et al. Randomized trial of postop-
erative adjuvant chemotherapy with or without radiotherapy for carcinoma of the rectum: 
National Surgical Adjuvant Breast and Bowel Project Protocol R-02. J Natl Cancer Inst. 
2000 Mar 1;92(5):388-396.

O’Connell MJ, Martenson JA, Wieand HS, et al. Improving adjuvant therapy for rectal cancer  
by combining protracted-infusion fluorouracil with radiation therapy after curative surgery. 
N Engl J Med 1994;331:502-507.

Pahlman L, Glimelius B, et al. Improved survival with preoperative radiotherapy in resectable 
rectal cancer: Swedish Rectal Cancer Trial. N Engl J Med 1997;336:980-987.

Peeters KC, Marijnen CA, Nagtegaal ID et al. The TME trial after a median follow-up of 6 years: 
increased local control but no survival benefit in irradiated patients with resectable rectal 
carcinoma. Ann Surg. 2007 Nov;246(5):693-701.

Quirke P, Steele R, Monson J, et al. Effect of the plane of surgery achieved on local recurrence in 
patients with operable rectal cancer: a prospective study using data from the MRC CR07 
and NCIC-CTG C016 randomized clinical trial. Lancet 2009;373:821-828.

Russell AH, Harris J, Rosenberg PJ, et al. Anal sphincter conservation for patients with adeno-
carcinoma of the distal rectum: long term results of Radiation Therapy Oncology Group 
Protocol 89-02. Int J Radiat Oncol Biol Phys 2000;46:313-322.

Sauer R, Becker H, Hohenberger W, et al. Preoperative versus postoperative chemoradiotherapy 
for rectal cancer. N Engl J Med 2004;351:1731-1740.

Sebag-Montefiore D, Stephens R, Monson J, et al. Preoperative radiotherapy versus selective 
postoperative chemoradiotherapy in patients with rectal cancer (MRC CR07 and NCIC-
CTG C016): a multicentre, randomized trial. Lancet 2009;373:811-820.

Tepper JE, O’Connell M, Niedzwiecki D, et al. Adjuvant therapy in rectal cancer: analysis of stage, 
sex, and local control–final report of Intergroup 0114. J Clin Oncol 2002;20:1744-1750.

Thomas PR, Lindblad AS. Adjuvant postoperative radiotherapy and chemotherapy in rectal car-
cinoma: a review of the Gastrointestinal Tumor Study Group experience. Radiother Oncol 
1988;13:245-252.

Twelves C, Wong A, Nowacki MP, et al. Capecitabine as adjuvant treatment for stage III colon 
cancer. N Engl J Med 2005;352:2696-2704.

FURThER REAdING
Janjan NA, Delclos ME, Ballo MT, et al. The Colon and Rectum. In: Cox JD, Ang KK, editors. 

Radiation oncology: rationale, technique, results. 8th ed. St. Louis: Mosby; 2003. pp. 497-536.
Martenson Jr JA, Willet CG, Sargent DJ, et al. Phase III study of adjuvant chemotherapy and 

radiation therapy compared with chemotherapy alone in the surgical adjuvant treatment of 
colon cancer: results of Intergroup protocol 0130. J Clin Oncol 2004;22:3277-3283.

Minsky BD. Cancer of the Colon. In: Leibel SA, Phillips TL, editors. Textbook of radiation oncol-
ogy. 2nd ed. Philadelphia: Saunders; 2004. pp. 885-895.

Minsky BD. Cancer of the Rectum. In: Leibel SA, Phillips TL, editors. Textbook of radiation 
oncology. 2nd ed. Philadelphia: Saunders; 2004. pp. 897-912.

Mohiuddin M, Willett CG. Colon and Rectum. In: Halperin EC, Perez CA, Brady LW, et al., edi-
tors. Principles and practice of radiation oncology. 5th ed. Philadelphia: Lippincott Williams 
& Wilkins; 2008. pp. 1366-1382.

National Comprehensive Cancer Network. Clinical Practice Guidelines in Oncology: Colon Cancer. 
Available at:http://www.nccn.org/professionals/physician_gls/PDF/colon.pdf. Accessed on 
May 24, 2009.

National Comprehensive Cancer Network. Clinical Practice Guidelines in Oncology: Rectal Cancer. 
Available at:http://www.nccn.org/professionals/physician_gls/PDF/rectal.pdf. Accessed on 
May 24, 2009.

Tepper JE, O’Connell MJ, Petroni GR, et al. Adjuvant postoperative fluorouracil-modulated che-
motherapy combined with pelvic radiation therapy for rectal cancer: initial results of 
Intergroup 0114. J Clin Oncol 1997;15:2030-2039.



395

Chapter 23

Anal Cancer

Amy Gillis, Hans T. Chung, and Gautam Prasad

PEARLS
5,070 new cases in 2008 with increasing incidence over the last JJ

three decades.
Majority are SCC (75–80%); others are adenocarcinoma or JJ

melanoma.
JJ HPV: strongly associated with SCC and may be requisite for 
disease formation. High-grade intraepithelial lesions are pre-
cursors. In particular HPV-16, 18 as in cervical cancer.

JJ AIDS is associated with anal cancer, likely through an associa-
tion with immunodeficiency in the setting of HPV coinfection. 
Increased risk if CD4 < 200.

JJ Additional Risk Factors: >10 sexual partners, history of anal 
warts, history of anal intercourse < age 30 or with multiple 
partners, history of STDs.

JJ Anatomy: anal canal is 3–4 cm long. Extends from anal verge to 
the anorectal ring. The dentate line lies within the anal canal 
and divides it by histology. Proximal to the dentate line is col-
orectal mucosa, distal to it is nonkeratinizing squamous epi-
thelium. The dentate line contains transitional mucosa. Anal 
margin is 5 cm ring of skin around the anus. Use CT to measure 
depth of inguinal nodes using the femoral vessels as a surro-
gate: large variations exist (Koh et al. 1993).

JJ Anal margin tumors: may behave like skin cancers, and can be 
treated as skin cancer as long as there is no involvement of the 
anal sphincter, tumor <2 cm, moderately or well-differentiated.

JJ Adenocarcinoma: higher local and distant recurrence rates with 
chemo-RT compared to SCC. Use 5-FU chemo-RT pre-op fol-
lowed by APR (Papagikos et al. 2003).

JJ Lymph node drainage: superiorly (above dentate line) along hem-
orrhoidal vessels to perirectal and internal iliac nodes; inferior 
canal (below dentate line) and anal verge to inguinal nodes.

JJ Presentation: bleeding, anal discomfort, pruritis, rectal urgency.

VI
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WORKUP
H&P. Include inguinal LN evaluation. Note anal sphincter tone, JJ

pain, bleeding, HIV risk factors, inflammatory bowel disease, 
prior RT. For women, a comprehensive gynecologic exam 
should be performed. Note anal sphincter function by tone on 
DRE and whether prone/supine, clock location, distance from 
verge, cicumferential involvement, size, superior extent.
Labs: CBC, HIV test if any risk factors. CD4 counts if HIV-positive.JJ

Proctoscopy with biopsy.JJ

May biopsy inguinal nodes if clinically suspicious. Only FNA, JJ

avoid open biopsy.
CXR or Chest CT. CT abdomen and pelvis or MRI.JJ

PET/CT recommended to evaluate extent of disease including JJ

lymph nodes and/or distant metastases (Cotter et al. 2006; 
Trautmann and Zuger, 2005). PET/CT can also be used as base-
line to gauge posttreatment response (Schwarz et al. 2008).
Transanal ultrasound (considered optional, but may be helpful JJ

to visualize perirectal nodes)

STAGING (AJCC 7Th Ed., 2010):  ANAL CANAL
The definitions of TNM and the stage groupings for this chapter JJ

have not changed from the AJCC 6th Ed., 2002.

Primary tumor (T)
TX: Primary tumor cannot be assessed
T0: No evidence of primary tumor
Tis:  Carcinoma in situ (Bowen’s disease, high-grade squamous intraepithelial lesion (HSIL), 

anal intraepithelial neoplasia II–III (AIN II–III)
T1: Tumor 2 cm or less in greatest dimension
T2:  Tumor more than 2 cm, but not more than 5 cm in greatest dimension
T3: Tumor more than 5 cm in greatest dimension
T4:  Tumor of any size invades adjacent organ(s), e.g., vagina, urethra, bladder*

*Note: Direct invasion of the rectal wall, perirectal skin, subcutaneous tissue, or the sphincter 
muscle(s) is not classified as T4.

Regional lymph nodes (N)
NX: Regional lymph nodes cannot be assessed
N0: No regional lymph node metastasis
N1: Metastasis in perirectal lymph node(s)
N2:  Metastasis in unilateral internal iliac and/or inguinal lymph node(s)
N3:  Metastasis in perirectal and inguinal lymph nodes and/or bilateral internal iliac and/or 

inguinal lymph nodes

distant metastasis (M)
M0: No distant metastasis
M1: Distant metastasis

Anatomic stage/prognostic groups
0: Tis N0 M0
I: T1 N0 M0

continued
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II: T2 N0 M0
 T3 N0 M0
IIIA: T1-T3 N1 M0
 T4 N0 M0
IIIB: T4 N1 M0
 Any T N2 M0
 Any T N3 M0
IV: Any T Any N M1

Used with the permission from the American Joint Committee on Cancer (AJCC), Chicago, 
IL. The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010), published by Springer Science+Business Media.

TREATMENT RECOMMENdATIONS

Situation Recommended Treatment

T1, small, 
well-
differen-
tiated

Local excision (Boman, Cancer 1984; Greenall et al. 1985)JJ

Consider only if small, <2 cm, well-differentiated and JJ

superficially invasive, negative margins on excision
Not to be used if sphincter involved or if >40% of JJ

circumference (would cause loss of continence, so 
use chemo-RT)
Consider only in very compliant patients as close JJ

follow-up is needed. Better if anal dysplasia clinic 
available for close follow-up
With proper selection, local control >90%JJ

Radiotherapy alone (Martenson and Gunderson 1993)JJ

Final dose to primary of 65 Gy with 45 Gy prophylaxis  JJ

to LN

T1-2N0 
status 
post 
excision, 
close or 
involved 
margins

May consider abbreviated concurrent chemo-RT JJ

(Hatfield et al. 2008)
~5% local failures after 42 month follow-up in 21 JJ

patients
Used 30 Gy with one cycle of mitomycin + 5-FUJJ

At UCSF with positive microscopic margins, we use ~45 Gy JJ

final dose (36 Gy to primary and elective LN with 9 Gy 
boost to primary) and two cycles of mitomycin + 5-FU

I–III with 
intact 
sphincter

Concurrent chemo-RT with 5-FU/mitomycin CJJ

CR7 ~50–90% depending on stageJJ

IV Individualized treatment depending on caseJJ

Salvage, 
or if prior 
pelvic RT

APR with colostomy – salvage rate after chemo-RT JJ

failure is ~50%

continued
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Anal 
margin 
tumors

Wide local excision with JJ ³1 cm margin. Well-differentiated 
T1N0 can be observed with close follow-up. All others get 
definitive chemo-RT to primary with elective inguinal 
LN RT for T2-4 and poorly differentiated tumors. 
Include pelvic LN if involvement of anal canal above 
dentate line. Alternative is post-op RT or chemo-RT with 
inguinal management as above. Dose 45 Gy elective, 
60 Gy to gross disease

TRIALS
ChEMO-RT vS. RT

JJ UKCCCRi (1996): 585 patients. RT: 45 Gy + boost (15 Gy EBRT 
or 25 Gy brachy) ± 5-FU+mitomycin. Six week break in RT. 
Chemo-RT improved 3-year LC (59 vs. 36%), but no significant 
change in 3-year OS (65 vs. 58%). Poorer results with RT alone 
may be due to mandatory 6 week break.

JJ EORTC (Bartelink et al. 1997): 110 patients. T3-4N0-3 or 
T1-2N1-3. RT (45 Gy + 15–20 Gy boost) + concurrent chemo 
(bolus 5-FU+mitomycin) vs. RT alone. Six week break in RT, 
prior to boost. Chemo-RT improved CR rate (80 vs. 54%), 5-year 
LC (68 vs. 50%), colostomy-free survival (72 vs. 40%), and PFS 
(61 vs. 43%). No difference in OS (57 vs. 52%). Poorer results 
with RT alone may again be due to mandatory 6 week break.

JJ RTOG 87-04 (Flam et al. 1996): 291 patients. 45 Gy + 5FU 
±mitomycin. If no CR at 6 weeks, gave 9 Gy boost + 5-FU/cis-
platin. 5-FU given bolus × 4 day starting d1, d29 (1,000 mg/m2/
day). Mitomycin given as 10 mg/m2 bolus d1, d29. Mitomycin 
improved CR rate (92 vs. 85%) and decreased 4-year colostomy 
rate (9 vs. 22%). No difference in 4-year OS (75 vs. 70%).

JJ RTOG 92-08 (John et al. 1996): dose escalation, phase II. 5-FU+ 
mitomycin+ 59.6 Gy. Two week break included. Closed early. 
Colostomy rate at 2 years: 30%. Higher colostomy rate may be 
due to 2 week break.

ROLE Of CISPLATIN
JJ ACT II (James et al. 2009): 940 patients with anal cancer [stage 
T1–T2 (50%), T3–T4 (43%); LN-(62%), LN+ (30%)] treated with 
5-FU (1,000 mg/m2/day on d1-4 and 29–32) and RT (50.4 Gy in 
28 fx), randomized to either concurrent MMC (12 mg/m2, d1) 
or cisplatin (60 mg/m2 on d1 and 29), and also randomized to 
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maintenance therapy (2c of cisplatin/5-FU weeks 11 and 14) 4 
weeks after chemo-RT or no maintenance therapy. There was 
no difference in CR rate (94–95%). MMC patients had more 
acute grade 3/4 hematological toxicities (25 vs. 13%). 
Preliminary analysis shows no significant difference in RFS 
(p = 0.42) or OS (p = 0.19) for the maintenance comparison. The 
authors conclude that 5-FU, MMC with RT remains the stan-
dard of care.
Based on the above results of those of RTOG 98-11 (see below), JJ

most believe that 5-FU/MMC chemotherapy remains the stan-
dard of care.

NEOAdJUvANT ChEMO
JJ RTOG 98-11 (Ajani et al. 2008): 644 patients. Neoadjuvant cis-
platin + 5-FU × 2 followed by concurrent cisplatin + 5-FU × 2 
and 45–59 Gy vs. concurrent 5-FU + mitomycin and 45–59 Gy. 
No significant difference in 5-year OS (70 vs. 75%) or 5-year 
DFS (54 vs. 60%). Cumulative colostomy rate less for mitomy-
cin arm (10%) than cisplatin arm (19%).

JJ CALGB 9281 (Meropol et al. 2008): 45 patients. Neoadjuvant 
chemo trial for poor prognosis anal carcinoma (T3/T4 and/or 
N2/N3), phase II. Neoadjuvant cisplatin + 5-FU × 2 followed by 
concurrent mitomycin + 5-FU × 2 and 45 Gy followed by possi-
ble single cycle of cisplatin + 5-FU and 9 Gy boost. Two week 
break included. Four-year data: OS 68%, DFS 61, 23% colos-
tomy rate.
No proven advantage to neoadjuvant chemo exists, but it may JJ

be used in cases of abscess or fistula.

INfUSIONAL 5-fU vS. CAPECITAbINE
Phase II data exist with substitution of infusional 5-FU with JJ

oral capecitabine concurrently with mitomycin and RT in anal 
cancer with overall low toxicity (Glynne-Jones et al. 2008).
Phase III data needed.JJ

hIv
Hoffman et al. (JJ 1999): seventeen HIV+ patients. Nine had 
CD4 ³ 200: no hospitalization or colostomy. Eight had CD4 < 200: 
4 hospitalized, 4 colostomies.
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bRAChyThERAPy
Higher complication rates. Not frequently used in North JJ

America due to the risk of necrosis. Six percent complication 
requiring surgery (Ng 1988). Rates of necrosis in the range of 
7–15% (Sandhu et al. 1998; Gerard et al. 1998).

IMRT
Salama et al. (JJ 2007): retrospective analysis of 53 patients 
treated at three institutions with concurrent IMRT and 
5-FU-MMC (in most cases). Eighteen months OS 93%, colos-
tomy-free survival 84%, pCR 93%. No grade 4+ skin/GI toxicity. 
Thiry-eight percent had grade 3 skin toxicity and 15% grade 3 
GI toxicity. Compares favorably with results of RTOG 98-11.
Milano et al. (JJ 2005): retrospective analysis of 17 patients treated 
at single institution with concurrent IMRT and 5-FU-MMC (in 
most cases). Two-year OS 91%, colostomy-free survival 82%. 
No grade 3+ nonhematologic toxicity.

POSTTREATMENT bIOPSy
Cummings et al. (JJ 1991): no benefit to routine rebiopsy at 6 
weeks postchemo-RT. Continued regression of tumor for up to 
12 months, mean time to regression 3 months.
Follow patients clinically. Biopsy for clinically suspicious JJ

lesions.

SALvAGE APR
Ellenhorn et al. (JJ 1994): retrospective review of 38 patients 
treated with RT + 5-FU + mitomycin. Overall, 5-year OS was 
44% when salvage APR used for chemo-RT failure.

RAdIATION TEChNIQUES
GENERAL POINTS

No randomized data of chemo-RT vs. surgery alone, but chemo-JJ

RT produces better survival with sphincter preservation as 
compared to historical controls.
Chemotherapy is concurrent 5-FU/mitomycin.JJ

Plan to treat inguinal nodes.JJ

Minimize breaks (try to keep under 2 weeks).JJ

HIV+ patients with CD4 < 200.JJ
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Smaller field: superior border of initial pelvic field is usually JJ

the bottom of SI joints.
Increased morbidity (Hoffman et al. JJ 1999).
Final tumor dose may need to be decreased to 50 Gy.JJ

A second cycle of MMC is often withheld and 5-FU may be JJ

dose reduced.
IMRT is currently used in most cases at UCSF.JJ

SIMULATION ANd PLANNING

Simulate patient supine with alpha cradle to immobilize legsJJ

Anal marker to mark anal vergeJJ

Wire perianal areaJJ

Wire inguinal node regionsJJ

If possible, treat with full bladder to minimize small bowel toxicity JJ

and use small bowel contrast 90 min prior to simulation

CONvENTIONAL PLANNING (RTOG 98-11 TEChNIQUE)

Targets: primary tumor, grossly enlarged LN, internal/external JJ

iliac LN, inguinal LN.
Initial large field (all patients) treated AP/PA, energy 18 MV AP, JJ

6 MV PA, dose 30.6 Gy at 1.8 Gy/fx.
Borders: superior = L5/S1. Inferior = 2.5 cm margin on anus JJ

and tumor. AP field includes lateral inguinal nodes. PA 
field = 2 cm lateral to greater sciatic notch (not including lat-
eral inguinal LN).
Supplementary RT delivered to inguinal nodes with anterior JJ

electron fields matched with exit of PA field.
Reduced field #1 (all patients) drops AP/PA superior border to JJ

inferior border of sacroiliac joints and is treated 14.4 Gy at 
1.8 Gy/fx (total 45). If N0, field reduced off inguinal nodes after 
36 Gy.
Reduced field #2 (for T3–T4, LN+, and T2 lesions with residual JJ

disease after 45 Gy).
Boost original tumor plus 2–2.5 cm margin 10–14 Gy at 2 Gy/JJ

fz(total 55–59 Gy) using either a multifield technique or lat-
erals or a direct photon or electron perineal field.
Involved pelvic LN should be included if small bowel can JJ

be avoided. Involved inguinal LN also boosted with 
2–2.5 cm margin 10–14 Gy at 2 Gy/fx (total 55–59 Gy) with 
electrons.
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UCSf IMRT PLANNING (MOST CASES AT UCSf CURRENTLy)

Use bolus on palpable groin nodes. If not palpable, no bolus JJ

needed.
Plan with 2–4 mm of inguinal skin sparing as appropriate.JJ

Targets: primary tumor, grossly enlarged LN, internal/external JJ

iliac LN, inguinal LN.
CTV margins.JJ

Primary tumor: 3 cm around gross disease in anal area and JJ

include perirectal nodes along with anal canal.
LN: 1.5–2 cm around gross disease.JJ

Uses sequential plans, cumulative dose to primary tumor is JJ

55.8 Gy.
PTV and dose prescriptions.JJ

For N0 patients.JJ

PTV1 = Anal area, inguinal LN, and pelvic LN extending JJ

from L5/S1 down to 3 cm below tumor (always include 
anal verge). Dose 36 Gy at 1.8 Gy/fx.
PTV2 = Primary tumor. 19.8 Gy at 1.8 Gy/fx (total 55.8 Gy).JJ

For N+ patients, LN JJ £ 1.5 cm:
PTV1 = same as N0JJ

PTV2 = Primary tumor and LN JJ £ 1.5 cm. 9 Gy at 1.8 Gy/fx 
(total 45 Gy)
PTV3 = Primary tumor. 10.8 Gy at 1.8 Gy/fx (total 55.8 Gy)JJ

For N+ patients, LN > 1.5 cm:JJ

PTV1 = same as N0JJ

PTV2 = Primary tumor and LN > 1.5 cm. 19.8 Gy at 1.8 Gy/JJ

fx (total 55.8 Gy)
Patients are generally treated with 7-field IMRT plan: 2 AO, 2 JJ

laterals, 2 PO, and 1 PA.
Beams are 18 MV, except for anterior obliques which are 6 MV. JJ

However, if disease extends to the anal verge or margin, use 
6 MV for PA and PO fields.

RTOG IMRT TEChNIQUE (bASEd ON RTOG 05-29)
RTOG has published an anorectal contouring atlas (Myerson JJ

et al. 2008; see Fig. 23.1)
Uses dose-painting (all PTVs treated simultaneously), rather JJ

than shrinking-field IMRT (as at UCSF)
For T2N0JJ

PTVA (primary tumor): 50.4 Gy in 28 fx of 1.8 GyJJ

PTV42 (all nodal regions receives): 42 Gy in 28 fx of 1.5 GyJJ
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For T3-4N0JJ

PTVA: 54 Gy in 30 fx of 1.8JJ

PTV45: 45 Gy in 30 fx of 1.5 GyJJ

For N+:JJ

PTVA: 54 Gy in 30 fx of 1.8 GyJJ

PTV45 (uninvolved LN): 45 Gy in 30 fx of 1.5 GyJJ

PTV50 (LN JJ £ 3 cm): 50.4 Gy in 30 fx of 1.68 Gy
PTV54 (LN > 3 cm): 54 Gy in 30 fx of 1.8 GyJJ

For further details, see JJ http://www.rtog.org/members/proto-
cols/0529/0529.pdf (Figs. 23.1a–c and 23.2)

Fig. 23.1  A 71-year-old woman treated with UCSF IMRT technique for cT2N1M0 
(stage IIIA) anal carcinoma. Isodose lines: 36 Gy (pink), 45 Gy (brown), and 55 Gy 
(aqua). PTV1 was  treated  to 36 Gy at 1.8 Gy/fx at  the 93% IDL, PTV2 to 45 Gy 
cumulative (9 Gy boost at 1.8 Gy/fx) at the 90% IDL, and PTV3 to 55.8 Gy cumula-
tive (10.8 Gy second boost at 1.8 Gy/fx) at the 90% IDL. Note that PTV2 is directed 
primarily to the left due to the presence of an FDG-avid lymph node

http://www.rtog.org/members/protocols/0529/0529.pdf
http://www.rtog.org/members/protocols/0529/0529.pdf
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dOSE LIMITATIONS
Small bowel: 45–50 Gy max point dose; V30 < 200 ccJJ

Vulva/Penis: 25 Gy max point dose; V20 < 50%JJ

Femoral Neck: 45 GyJJ

Additional dose constraints are listed in RTOG protocol 0529 JJ

referenced above

COMPLICATIONS
Acute complications: skin reaction/desquamation, leukopenia, JJ

thrombocytopenia, proctitis, diarrhea, cystitis.
Subacute and late complications include chronic diarrhea, rec-JJ

tal urgency, sterility, impotence, vaginal dryness, vaginal fibro-
sis/stenosis (use vaginal dilator status post XRT to help avoid), 
and possibly decreased testosterone.

fOLLOW-UP

H&P and anal exam every 6 weeks until CR, then every 3 JJ

months for first year, every 4 months for second year, every 6 
months for third year, then annually.
Consider PET/CT ~2 months after treatment as persistently JJ

abnormal FDG uptake correlated with poor 2-year CSS (39%, 
Schwarz et al. 2008).
For T3–T4 or inguinal LN+: consider annual CXR and pelvic JJ

CT for 3 years.
On exam if mass increases in size, or new clinical symptoms JJ

develop (pain, bleeding, incontinence) → biopsy. If + → salvage 
APR.
If tumor decreasing in size, continue to follow. Median time to JJ

regression ~3 months, but may take 12 months.
Most recurrences occur within 2 years. Most are at primary site.JJ

Anal pap, if available, is useful for follow-up.JJ

Consider vaginal dilator in women who are treated and do not JJ

regularly engage in intercourse to help prevent stenosis/
narrowing.
Male patients may notice decrease in ejaculate; testosterone JJ

levels may be checked for sexual difficulties.

Fig. 23.2  RTOG consensus contours for elective clinical target coverage for anorec-
tal cancer. Yellow = CTVA (perirectal, presacral, internal iliac), blue = CTVB (external 
iliac), red = CTVC (inguinal). Upper pelvis; mid-pelvis; lower pelvis. (Reprinted with 
the permission from Elsevier. Adapted from Myerson et al. 2008)
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Chapter 24

Renal Cell Carcinoma

Sunanda Pejavar, James Rembert, and Alexander R. Gottschalk

PEARLS
Two percent of all new cancers diagnosed in the US (54,390 JJ

new cases 2008).
Steady increase in incidence not explained by incidental diag-JJ

noses (~7% of cases) made from increased diagnostic 
imaging.
Male predominance (M:F 1.5:1).JJ

Most common in sixth to eighth decades; peak incidence in JJ

sixth decade.
Ninety-five percent diagnoses made with imaging – character-JJ

istic solid, hypervascular mass.
Metastatic disease in 30% at diagnosis, and eventually in 50% JJ

(lung, liver, bone, distant LN, adrenal, brain, opposite kidney, 
soft tissue).
Stage at diagnosis is the most important prognostic factor.JJ

Predominant histologic type: adenocarcinoma arising from JJ

tubular epithelium.
Adenocarcinoma subtypes: clear cell (75–85%), chro-JJ

mophilic/papillary (10–15%), chromophobe (5–10%), onco-
cytic (rare)
Sarcomatoid (1–6%; poor prognosis)JJ

Risk factors: tobacco, urban environmental toxins (cadmium/JJ

asbestos/petrols), obesity, high dietary fat intake, acquired cys-
tic renal disease from renal failure (premalignant condition 
with 4–9% incidence RCC; US surveillance q2 years).
Association with von Hippel-Lindau disease: autosomal domi-JJ

nant, loss of 3p, >70% chance developing RCC (almost all clear 
cell histology) in addition to risk of developing multiple other 
benign and malignant tumors (retinal angiomas, CNS heman-
gioblastomas, pheochromocytoma, pancreatic cancer).
Possible association with lymphoma, based on two large can-JJ

cer database studies.

VII
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RCC has low response rates to traditional chemotherapy (~6–7%). JJ

Response rates to immunotherapy (IL-2, interferon alpha) are 
slightly higher (~10–15%).

WORKUP
H&PJJ

Common signs and symptoms: hematuria (80%), flank pain JJ

(45%), flank mass (15%), classic triad of prior three only 
present in 10%, normocytic/normochromic anemia, fever, 
weight loss
Less common signs and symptoms: hepatic dysfunction JJ

without mets, polycythemia, hypercalcemia (occurs in 25% 
of patients with RCC mets)

Labs: CBC, LFT, BUN/Cr, LDH, urinalysisJJ

Imaging: CT abdomen. MRI abdomen if CT suggests IVC JJ

involvement
Metastatic evaluation: CXR. Bone scan or MRI brain only if JJ

clinically indicated
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TREATMENT RECOMMENdATIONS

2002 Stage Recommended treatment

I–III NephrectomyJJ

Open radical nephrectomy, but laparoscopic gaining JJ

popularity. Nephron sparing surgery via partial 
nephrectomy, if possible (open or laparoscopic)
Possible to spare adrenal gland in ~75% casesJJ

No role for adjuvant chemo/immunotherapyJJ

No widely accepted role for neoadjuvant or adjuvant JJ

radiotherapy. Retrospective data suggest possible utility 
in select cases:

Positive surgical marginsJJ

Locally advanced disease with perinephric fat invasion JJ

and adrenal invasion (IVC/renal vein extension alone 
does not increase local recurrence significantly)
LN+JJ

Unresectable (pre-op RT)JJ

IV JJ Cytoreductive nephrectomy: improved survival with 
nephrectomy followed by interferon alpha vs. interferon 
alpha alone (Flanigan et al. 2001)

JJ Systemic therapy
Immunotherapy (IL-2, interferon alpha, or JJ

combination)
 High dose IL-2 only FDA approved treatment for JJ

Stage IV RCC
Biologic agents show promise in recent trialsJJ

BevacizumabJJ

Sorafenib or sunitinibJJ

TemsirolimusJJ

Consider chemo (gemcitabine ± 5-FU or capecitabine)
Focal palliation of metastasesJJ

 RT aloneJJ

MetastasectomyJJ

Combination of bothJJ

TRIALS
RAdIOThERAPY

Two prospective randomized European trials (Rotterdam trial, JJ

Sweden trial) showed no benefit to preoperative radiotherapy 
in terms of OS or PFS.
Two prospective randomized trials (Fugitt, Cancer, 1973; Kjaer JJ

et al. 1987) showed no benefit to postoperative radiotherapy, yet 
these trials did not select a patient population that was likely to 
benefit from adjuvant RT. LR in radical nephrectomy series is 
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~5%. These excellent results are driven mainly by completely 
resected stage I/II tumors. However, with incomplete resection 
or +LN, LR rises dramatically to ~20–30%, suggesting a role for 
adjuvant RT in these patients. The following two studies retro-
spectively analyze patients at high risk for local recurrence and 
support a role for adjuvant RT in select patients.
Kao et al. (JJ 1994): Retrospective study of 12 consecutive 
patients with locally advanced RCC (perinephric invasion or 
+margins) who received adjuvant RT 41–63 Gy (1.8–2 Gyfx) – 
100% 5-year LC, with 5-year actuarial DFS 75% compared 
with 30% in 12 consecutive patients of similar stage treated 
with surgery alone.
Stein et al. (JJ 1992): Retrospective study of 147 patients treated 
with post-op RT (median 46 Gy) vs. observation.  In the T3N0 
patients, LR was 10% vs. 37% favoring adjuvant RT. Also, 3/19 
recurrences at the scar.

SYSTEMIC ThERAPY
JJ Escudier/AVOREN (Escudier et al. 2007b): randomized, phase 
III trial; 649 patients with untreated metastatic RCC given 
interferon-alfa with either bevacizumab vs. placebo. PFS 10.2 
vs. 5.4 months (HR 0.63, p = 0.0001).

JJ Escudier/TARGET (Escudier et al. 2007a): randomized, phase 
III trial; 903 patients with treatment-resistant RCC given 
sorafenib vs. placebo. PFS 5.5 vs. 2.8 months (HR 0.44; p < 0.01) 
favoring sorafenib. Toxicity higher in sorafenib arm.
Motzer et al. (JJ 2007): randomized, phase III trial; 750 patients 
with untreated, metastatic RCC given sunitinib vs. interferon-
alfa. PFS 11 vs. 5 months (HR 0.42; p < 0.001), RR 31 vs. 6% 
(p < 0.001), favoring sunitinib.

RAdIATION TEChNIQUES
SIMULATION ANd fIELd dESIGN
Primary site

Supine, arms-up to allow visualization of lateral isocenter JJ

marks, immobilize with wing-board or alpha cradle, wire scar, 
planning CT scan.

JJ Volume: nephrectomy bed (involved kidney if pre-op), lymph-
node drainage sites, surgical clips; scar failures reported [Stein], 
so if not possible to include scar in treatment volume, treat it 
with electrons to full dose. SRS currently under active study.
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Metastatic site (non-CNS)
Proper immobilization depending on site; planning CT if JJ

3DCRT needed to spare normal tissue
JJ Volume: focal treatment of metastasis with 2–3 cm margin
See Chap. 40 for management of CNS metastasesJJ

dOSE PRESCRIPTIONS
Pre-op: 40–50 Gy (1.8–2 Gy/fx)JJ

Post-op: 45–50 Gy with 10–15 Gy boost to micro/gross disease; JJ

total 50–60 Gy
Metastases: 45–50 Gy in 3–4.5 weeksJJ

dOSE LIMITATIONS
Contralateral kidney: limit to JJ £20 Gy in 2–3 weeks
Liver: limit to <30% receiving >36–40 GyJJ

Spinal cord: <45 GyJJ

Small bowel: <40 GyJJ

fOLLOW-UP (NCCN 2009 RECOMMENdATIONS)
JJ Stage I–III: every 6 months × 2 years, then every 1 year × 5 years 
– H&P, CXR, Labs with LDH; CT chest/abdomen/pelvis at 4–6 
months then as indicated.
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Chapter 25

Bladder Cancer

William Foster, Brian Lee, and Joycelyn L. Speight

PEARLS
Risk factors: smoking, napthylamines, dyes, cytoxan exposure. JJ

Chronic irritation, i.e., bladder stones, chronic indwelling foley 
catheter
Primary lymphatic drainage: hypogastric, obturator, iliac JJ

(internal and external), perivesical, sacral, presacral
Secondary lymphatic drainage: common iliacJJ

Tumors tend to be multifocal in natureJJ

Transitional cell carcinoma (TCC) constitutes 93% of cases in JJ

the U.S.; TCC with squamous or glandular features behaves 
like pure TCC
Squamous cell carcinoma (SCC) constitutes 5% of cases (pri-JJ

mary histology seen in Egypt due to Schistosoma infections)
Adenocarcinoma uncommon 1–2% (most often in dome of JJ

bladder; urachal remnant)
Most common sites = trigone (inferiorly below ureterovesical JJ

junctions), lateral and posterior walls, and bladder neck
Common presenting symptoms: hematuria (gross or micro-JJ

scopic; 75% of cases), irritative voiding (25–30%), pelvic pain, 
obstructive uropathy, hydronephrosis
At presentation, 75% of cases are Ta, Tis, or T1JJ

Probability of lymph node (LN) involvement (~20% overall): JJ

pT1 5%, pT2-T3a 30%, pT3b 64%, pT4 50% (Skinner et al.)
Incidence of distant metastases (DM) at diagnosis ~8–10%; JJ

lung, bone, liver

WORKUP
H&P; Labs: CBC, BUN, Cr, alkaline phosphatase, UAJJ

Urine cytology: identifies 50–80% of poorly differentiated CA, JJ

but only 20% of well-differentiated CA
Cystoscopy with bladder mapping and EUAJJ

VII
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TURBT with random biopsies of normal appearing mucosa to JJ

exclude CIS. If trigone involved, biopsy prostatic urethra
CT A/P with contrast including imaging of upper urinary tracts; JJ

historically, IVP used
Chest X-ray (CXR) and/or CT chest if stage JJ ³T2; bone scan if 
symptomatic or alkaline phosphatase elevated
Pre-op MRI valuable to evaluate depth of invasion, stagingJJ
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VII

TREATMENT RECOMMENDATIONS

2002 Stage Recommended treatment

Nonmuscle 
inva sive  
(Ta, Tis, T1)

TURBT alone: 70% local recurrence (15–30% JJ

invasive)
Indications for adjuvant treatment: persistent JJ

abnormal or equivocal urine cytology, multifocal, 
grade II/III, Tis/CIS, T1, or subtotal resection
Multicolor fluorescence in situ hybridization has JJ

been shown to be useful in predicting recurrences 
in patients with negative or equivocal cytology 
(Whitson et al. BJU Int 2009)
TURBT + BCG × 6 weeks (alternative intravesical JJ

chemotherapies (IVC): mitomycin C, gemcitabine, 
doxorubicin)
Disease persistence 6 months status post IVC JJ → use 
another agent with BCG × 3 weeks q6 months × 2 
years
Disease persistence >1 year or multiple recurrences JJ

→ radical cystectomy (10-year DFS = 80–90%; 
DSS = 75–80%)
Or, consider Bladder preservation with chemo-RT for JJ

previously untreated T1G3, 5/10-year PFS 87%/71%; 
5/10-year DSS – 80%/71%; progression to T2 = 29%; 
bladder preservation 80% (Weiss et al. 2006)

Muscle 
invasive 
(T2–T4)

Treatment options: (i) Radical cystectomy/cystoprosta-JJ

tectomy and reconstruction, (ii) partial cystectomy*, 
(iii) bladder preservation with chemo-RT, (iv) radical 
RT (poor surgery/chemo candidate)
*Small tumors in the dome without CIS may be 
treated with partial cystectomy
“Optimum” bladder preservation candidate: unifocal JJ

T2-T4, <5 cm, no hydronephrosis/hydroureter, good 
bladder function, and visibly complete TURBT
Consider bladder preservation as suitable alternative JJ

for all appropriate patients
In general, 5-year OS = 50–60%; greater than 50% JJ

of patients have intact functioning bladder. Sixty 
percent of patients with CR to chemo-RT remain 
free of any recurrence including superficial. Fifty 
percent of relapses are superficial
Multifocal T2-T3a, T3b-T4, presence of Tis, JJ

hydroureter/hydronephrosis, subtotal resection 
is generally treated with neoadjuvant chemo and 
cystectomy vs. radical cystectomy ± RT
T3b-T4: consider pre-op chemo; cystectomy + LN JJ

dissection + adjuvant chemo
continued
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Local  
recurrence 
(LR)

Status post TURBT + IVC: cystectomy/cystopros-JJ

tatectomy or may consider chemo-RT
Status post cystectomy/cystoprostatectomy: chemo JJ

(usually platinum-based) + RT to 40–45 Gy to true 
pelvis, 50–54 Gy to sidewall if clinical recurrence, 
60–64 Gy to LR
Status post chemo-RT: 20% of patients with CR JJ

to chemo-RT develop superficial LR → treat with 
TURBT + intravesical therapy
Ten to twenty percent of patients with CR to JJ

chemo-RT develop invasive LR → treat with radical 
cystectomy/cystoprostatectomy

Treatment Description

Radical 
cystectomy

En bloc removal of bladder, perivesical tissue, JJ

urethra, and prostate, seminal vesicles or uterus, 
fallopian tubes, ovaries, and anterior vaginal wall
Local recurrence after cystectomy = 5–10% for pT2-JJ

T3a, but 30–50% with T3b-T4
USC series (Stein et al. JJ 2001): 30% relapses, 85% in 
the first 3 years, distant > local (2–3:1)
If (+) margins, post-op chemo, or post-op RT and JJ

concurrent platinum-based chemotherapy. Problem 
with post-op RT = 20–40% GI complications
Pre-op RT not routinely used, but may be considered JJ

for cT3b lesions (Cole et al. 1995)
Neoadjuvant chemo before cystectomy provides 5% JJ

OS advantage @ 5 years based on metaanalysis
Patients may have either an incontinent or a JJ

continent urinary diversion
In an incontinent diversion, the ureters are attached JJ

to an ileal loop conduit to the skin surface. Requires 
bag to collect urine
Continent urinary diversions provide ~80% continence JJ

rates
Cutaneous diversion: ureters drain into a bowel JJ

segment that is reconstructed into a pouch that 
is connected to skin via stoma that does not allow 
continuous urine drainage. Needs to be catheterized 
periodically. Used when urethra or bladder neck is 
nonfunctional or involved by tumor
Othotopic neobladder: intestinal detubularized JJ

segment anastomosed to intact urethra, allows 
volitional voiding

Bladder 
preservation

Maximal TURBT JJ → induction chemo-RT to 40–45 Gy 
→ second look cystoscopy with multiple biopsies 
and urine cytology (if surgical candidate; ~70–80% of

continued
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VII

patients have CR). If residual tumor ³T1, salvage 
 cystectomy. If CR, consolidation chemo-RT boost to 
primary (total dose 60–65 Gy)

Follow-up cystoscopy with biopsy and cytology (4–6 JJ

weeks) → adjuvant chemo
Persistence of superficial disease JJ → consider BCG 
(IVC) vs. radical cystectomy
Presence of invasive disease JJ → salvage cystectomy

STUDIES
No randomized trials have been completed comparing radical JJ

cystectomy vs. bladder preservation.
JJ USC surgical series (Stein et al. 2001): radical cystectomy in the 
treatment of invasive bladder cancer: long-term results in 1,054 
patients. Median FU 10.2 years. All patients: 5(10)-OS 60% 
(43%), 5(10)-RFS 68% (66%). Organ confined disease: 5(10)-
OS 78% (56%), 5(10)-RFS 85% (82%). Extravesical disease 
(pT3-pT4): 5(10)-OS 47% (27%), 5(10)-RFS 58% (55%).

JJ MD Anderson retrospective analysis of pre-op RT + radical cys-
tectomy (RC) vs. RC alone (Cole et al. 1995): 50 Gy/25 fractions 
to pelvis associated with improved 5-year LC 91 vs. 72% SS. 
Nonsignificant improvements in DFS, OS, and freedom from 
DM. Benefits seen in T3b patients.

JJ NCIC (Coppin et al. 1996): 99 patients T2-4. RT alone or pre-op 
RT ± concurrent cisplatin × 3. Concurrent chemo decreased 
LRF, but no change OS.

JJ RTOG 8512, (Tester et al. 1993): 42 patients T2-T4N0-2. Phase 
II = WP 2/40 Gy + cisplatin × 2. Restage 2 weeks after with cys-
toscopy, biopsy, EUA, CT. If CR, 2/24 Gy with third cycle cispla-
tin. No CR = cystectomy. Follow-up = cystoscopy q3 months. 
Results: 67% CR. Five-year OS = 52%. All LC = 42%. Invasive 
only LC = 50%. Five-year LF = 25%.

JJ RTOG 8802, (Tester et al. 1996): 91 patients. Phase II neoadju-
vant MCV (methotrexate, cisplatin, vinblastine), RT + cisplatin 
same as RTOG 8512. Results: 75% CR, 5-year OS 62%.

JJ RTOG 8903, (Shipley et al. 1998): 123 patients T2-4aNx status 
post maximal TURBT. Phase III. Randomized to [neoadjuvant 
MCV × 2c → concurrent cisplatin × 2c + WP 1.8/39.6 Gy] vs. [same 
but no MCV]. Both restaged 4 weeks later with cystoscopy, biopsy, 
EUA, cytology. If CR, 1.8/25.2 Gy boost (total dose = 64.8 Gy) + 
cisplatin × 1c. Stopped early due to MCV toxicity (14% died). 
Results: no significant change in CR, OS, or DMFS.
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JJ RTOG 9506, (Kaufman et al. 2000): 34 patients T2-T4aNx with-
out hydronephrosis. Phase II = TURBT → WP 3 Gy (b.i.d.)/24 Gy 
+ concurrent 5-FU + cisplatin. Restage 4 weeks later. If CR, 2.5 Gy 
(b.i.d.)/20 Gy + concurrent 5-FU + cisplatin. No CR = cystectomy. 
Results: 67% CR. 3-year OS 83%, with intact bladder = 66%. 
Twenty percent grade 3/4 toxicity. In follow-up, 45% superficial 
recurrence.

JJ MGH, (Shipley et al. 2002): RTOG 8903 style technique. 190 
patients, 6.7-year follow-up. Results: only 35% needed cystec-
tomy (including salvage for recurrence). Five-year OS 54% 
(T2 = 62%, T3-4a = 47%). Five-year DSS 63% (T2 = 74%, 
T3-4a = 53%). Five-year DSS with intact bladder 46% (T2 57%, 
T3-4a 35%). Hydronephrosis not significant.

JJ RTOG 9706, (Hagan et al. 2003): 52 patients T2-T4aN0. TURBT 
→ within 6 weeks, WP 1.8 Gy qAM + bladder 1.6 Gy qPM × 13 
days (=WP 21.6 Gy, bladder 40.8 Gy) + concurrent cisplatin. 
Restage at 4 weeks with biopsy and cytology. If CR, b.i.d. RT × 
8 days (total WP 45.6, bladder 64.8) + concurrent cisplatin. If 
no CR, cystectomy. All got MCV × 3. Results: similar to 8903 
but more toxic. Seventy-five percent CR. Three-year OS 61%, 
with intact bladder 48%. Only 45% of patients completed MCV 
× 3. Three-year LRF = 27%, DM = 29%.

JJ RTOG 9906, (Kaufman et al. 2008): 80 patients T2-T4aNx with-
out hydronephrosis. Phase I–II TURBT → induction CTI weeks 
1–3 (b.i.d. XRT × 13 days + paclitaxel + cisplatin) → Restage 
week 7. If pT0, Ta or Tis → Consolidation weeks 8–9 (b.i.d. XRT 
× 8 days + Paclitaxel + Cisplatin). If ³T1, Radical Cystectomy 
(week 9). All patients had four cycles of adjuvant chemo 
(Gemcitabin + Cisplatin). Results: CR 81%, 3-OS 67% (with 
bladder 59%), 5-OS 56% (with bladder 47%), 4% G3 bladder 
toxicity at 5 years. Five-year LR 29%, 5-year DM 31%.

JJ Metaanalysis of neoadjuvant chemo trials. (Lancet 2003): neo-
adjuvant multiagent cisplatin based chemo gives 5% OS @ 5 
years. No data to support single agent cisplatin.
Weiss et al. (JJ 2006). Bladder preserving protocol in T1 high-risk 
lesions, without prior BCG therapy. One hundred and forty-one 
patients (81 T1G3). Results: CR 88% (89%), 5-year PFS 81% 
(87%), 10-year PFS 70% (71%), 5-year DSS 82% (80%), 10-year 
DSS 73% (71%); >80% bladder preservation.
Harland et al. (JJ 2007): 210 patients with T1G3 disease: group 1 
(unifocal disease, no Tis) randomized to RT alone (no chemo-
therapy) vs. observation after TURBT, and group 2 (multifocal 
disease and/or Tis) randomized to IVC vs. RT after TURBT. 
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Median follow-up = 44 months. Results: no difference in time to 
progression or in OS, 5-year PFS 66% (control) vs. 49% (RT). 
However, poorer than expected results (compared to Erlangen 
series: 5-year PFS = 83%) may be due to lack of concurrent sen-
sitizing chemotherapy.

RADIATION TEChNIQUES
SIMULATION AND fIELD DESIGN

Simulate patient supine with immobilization and bladder emp-JJ

tied by patients
Need CT scan (preferably with contrast) and highly recom-JJ

mend consulting bladder map from TURBT for planning
Alternatively, double-contrast cystogram = introduce via Foley JJ

typically 25–30 mL radiopaque contrast + 10–15 mL air. May 
need more contrast to equal PVR volume
For non-3D simulation: to identify anterior rectal wall, instill JJ

50 cc rectal barium (for lateral sim films) administered after AP 
field film
Use of fiducials and IGRT may allow decrease in PTV expansionJJ

VolumesJJ

GTV: macroscopic tumor visible on CT/MRI/cystoscopyJJ

CTVJJ pelvis: GTV + whole bladder + lymph Nodes (obturator, 
external + internal iliacs), proximal urethra, prostate + pros-
tatic urethra in men
PTV: (not described in RTOG protocols) CTV + 1.5–2 and JJ

2–3 cm superiorly (can probably be reduced to 1 cm and 
1.5–2 cm superiorly with the use of fiducials + IGRT)

Field design (RTOG protocol)JJ

Whole pelvis AP/PA borders = S2–S3, lower pole of obturator JJ

foramen, widest bony pelvis margin + 1.5–2 cm. Block medial 
border of femoral heads
Whole pelvis lateral borders = 2 cm beyond CTVJJ pelvis, same 
inferior and superior borders as for APPA field. Block rec-
tum, small bowel

Treat with empty bladderJJ

Boost volumes = entire bladder or partial bladder. CTV = GTV + JJ

0.5 cm. PTV = CTV + 1.5 cm
Use of IMRT controversial. If used, strongly consider IGRTJJ

DOSE PRESCRIPTIONS
Bladder preservation: treat bladder and nodal drainage to JJ

40–45 Gy with concurrent chemo; if CR on postinduction cys-
toscopy, boost to a total dose of 60–65 Gy.
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LR status post cystectomy JJ → cisplatin + RT to 45–50 Gy to pel-
vic nodes, 60–64 Gy to gross local recurrence.

DOSE LIMITATIONS
Whole bladder 50 Gy = 5–10% late grade 3–4 effectsJJ

Whole bladder 60 Gy = 10–40% late grade 3–4 effectsJJ

More than 1/3 bladder: 60 Gy = 5–10% late effects; 70 Gy = 20%JJ

Urethra: max dose <70 Gy associated with <5% risk of strictureJJ

Small bowel: TD 5/5 1/3: 50 Gy, 3/3 40 GyJJ

COMPLICATIONS
Chemo-RT trials = 0–13% late sequelaeJJ

Urinary tract infection; treat with antibioticJJ

Irritative urinary symptoms/bladder spasm. Use terazosin or JJ

tamsulosin
Acute dysuria. Treat with ibuprofen or pyridiumJJ

Seventy-five percent of late bladder symptoms present within 3 JJ

years = frequency, dysuria, intermittent hematuria. Seventy 
percent will resolve within 2–3 years
Urethral stricture: 5–10%JJ

Five to fifteen percent late bowel complicationsJJ

Quality of life (QoL) after bladder preservation therapy remains JJ

good; Urodymanic studies and patient reported QoL posttreat-
ment (median = 6.3 years) showed >75% patient retained nor-
mal bladder function and >85% reported no bothersome 
urinary side effects. Bowel symptoms were reported by 22% 
(Zietman et al. 2003

fOLLOW-UP
Follow-up with urine cytology and cystoscopy every 3 months JJ

× 1 year, every 6 months × 2 year, then annually. CT abdomen 
and pelvis q 1–2 year.
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Chapter 26

Prostate Cancer

Siavash Jabbari, Eric K. Hansen, and Mack Roach III

PEARLS
Prostate cancer is the #1 noncutaneous cancer in men (~186,320 JJ

estimated cases in the US in 2008), and is the #2 cause of can-
cer mortality (~28,660 deaths in 2008) after lung cancer 
(~90,810 deaths).
The median age at diagnosis is 70, but with increased screen-JJ

ing, more younger men are being diagnosed.
Due to its long natural history, many men may not benefit from JJ

treatment if their life expectancy is short (<5–10 years) and if 
they have early-stage, low-grade disease.
Prostate gland consists of the peripheral zone (70% of glandu-JJ

lar prostate and site of nearly all cancers), the central zone 
(25% of the glandular prostate), the transition zone (surround-
ing the urethra and the site of BPH), and the anterior fibromus-
cular stroma.
Approximately 50–80% of tumors involve the prostate apex, JJ

and ~85% of patients have multifocal disease in the prostate.
At the apex, the capsule is not well-defined and true ECE is JJ

 difficult to recognize.
ECE is most common at the posterior lateral portion of the JJ

prostate (associated with regions penetrated by nerves).
More than 95% of prostate cancers are adenocarcinomas.JJ

Routine screening not recommended by the American Cancer JJ

Society, but when done should begin with PSA and digital exam 
at age 50 if life expectancy is >10 years. It is recommended that 
discussion should take place starting at age 45 for men at high 
risk of developing prostate cancer. This includes African-
American men and men who have a first-degree relative (father, 
brother, or son) diagnosed with prostate cancer at an early age 
(younger than age 65). This discussion should take place at age 
40 (the age at which the American Urological Association 
(AUA) recommends screening) for men at even higher risk 
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(those with several first-degree relatives who had prostate can-
cer at an early age).
Two Randomized Trials studying the impact of screening on JJ

survival have been completed to date with conflicting results, 
the PLCO trial (Prostate, Lung, Colorectal, and Ovarian; USA), 
a negative study (Andriole et al. 2009) and the ERSPC trial 
(European Randomized Study of Screening for Prostate 
Cancer), a positive study (Schroder et al. 2009).

Study Number  
of  
patients

Follow- 
up 
(years)

~Age 
(Esti-
mated. 
median)

Cases 
detected 
in 
scree ned 
vs. 
control

Control 
group 
screened

Reduc-
tion in 
mortal-
ity

Multi center 
(USA)

76,000 7 60–64 1.17 @ 
10 years

52% at 
sixth 
year

NS

Multi-
country 
(European)

182,000 9 60 1.7 @ 9 
years

Very low 20%

Comment: As above, the European study was larger, has longer 
follow-up, and less contamination of the observation (nonscreened) 
arm. Consequently, this study appears to be better powered and imple-
mented to answer the question of screening. In addition, patients 
treated in the U.S. were prescreened, while the European study 
included index cases diagnosed at the time of recruitment.

Risk of finding prostate cancer on biopsy is related to PSA level:JJ

Approximately 5–25% for PSA<4 (Thompson et al. JJ 2004).
Up to ~50–67% for PSA >10.JJ

Upper range of normal PSA is ~(age/10)-1.JJ

For PSA <4, rule-of-thumb: risk of Gleason score (GS) 7–10 JJ

prostate cancer is 2× the PSA level.
LN drainage is primarily to the internal iliac, obturator, exter-JJ

nal iliac, and presacral nodes, but disease also may spread to 
perirectal, common iliac, and paraaortic nodes.

Standard prostatectomy LN dissection samples only obtura-JJ

tor and external iliac nodes.
More extensive LN dissection increases chance of involved JJ

LN. Forty to sixty percent of involved LN are located in the 
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internal iliac and presacral chains (outside standard LN 
dissection).

GS represents the sum (2–10) of the major and minor JJ

 glandular patterns [ranging from slight disorganization (1) 
to anaplastic (5)].
Most frequently used prognostic factors are GS, clinical stage, JJ

pretreatment PSA.
Additional prognostic factors:JJ

Percentage of biopsy cores positive (>50% behaves more JJ

aggressively).
Perineural invasion.JJ

Gleason 7 with tertiary component (>10%) Gleason 5 have JJ

biochemical recurrence-free survival similar to Gleason 8–10 
(Patel 2007).
PSA velocity >2 ng/mL in the year before radical prostatec-JJ

tomy (RP) or EBRT suggested as prognostic for increased 
risk of death from prostate cancer (D’Amico et al. 2004a, 
2005), but the value of pretreatment PSA kinetics (PSA veloc-
ity and doubling time) as independent predictors of outcome 
questioned in a recent systematic review (Vickers et al. 
2009).

WORKUP
H&P (including American Urology Association (AUA) symp-JJ

tom scores, baseline erectile function, bony pain, and DRE).
Labs include PSA, testosterone, CBC, and LFTs.JJ

TRUS-guided biopsy is used for pathologic diagnosis (>8 sepa-JJ

rate cores is recommended, and the highest GS is used).
Upgrading of biopsy GS from JJ £6 to ³7 or from 7 to >7 occurs in 
~25–30% of patients who subsequently undergo prostatectomy 
even with >10 biopsy cores (Chun 2006).
Downgrading of GS uncommon.JJ

Note prostate volume and whether pubic arch interference is JJ

present if considering brachytherapy.
Bone scan and pelvic CT or MRI are usually ordered for T3–T4, JJ

GS ³8, PSA ³20, or symptoms.
MR spectroscopy shows decreased citrate and increased cho-JJ

line with prostate cancer, but its role in routine management 
remains controversial.
Prostascint (an In-111 labeled monoclonal Ab) has limited JJ

 sensitivity (60–70%), but may be useful for staging high-risk 
disease, nodes, and/or sites of recurrence.
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RISK CLASSIFICATION SChEMES

NCCN risk categories ~5–10-Year  
bPFS/CSS

Low:  T1-2a and GS £6 and PSA <10
Intermediate:  T2b–T2c and/or GS 7 and/or PSA 10–20
High:  T3a or GS 8-10 or PSA >20 (very high T3b-T4)
(Also consider PSA kinetics, % involved biopsy cores)

80–90%/>95%
70–85%/75–90%
30–60%/60–80%

RTOG metaanalysis risk groups – predict dSS and OS
I: T1-2 and GS £6 (Low)
II:  T1-2 and GS 7, or T3 or N1 with GS £6 (inter-

mediate)
III:  T1-2 and GS 8-10, or T3 or N1 with GS 7 (high)
IV: T3 or N1 with GS 8-10 (very high)

10-Year dSS
86%
75%

62%
34%

Partin nomograms predict pathologic stage (organ confined, ECE, 
seminal vesicle invasion, or LN involvement) based on T stage, GS, and 
pretreatment PSA
Brignanti nomograms (using extended LN dissection) show higher 
rates and support importance of obtaining larger # of LN (e.g., 28 to 
detect 90%) to improve chance of detecting involvement

Roach formulas estimate pathologic stage based on original Partin data
ECE = 3/2 × PSA + 10 × (GS-3)
Seminal vesicle involvement = PSA + 10 × (GS-6)
LN involvement = 2/3 × PSA + 10 × (GS-6)

Kattan nomograms are computerized and predict primarily PSA 
recurrence, but some also predict PFS as well as prostate cancer specific 
mortality after RP, 3DCRT, or brachytherapy. (Online access: http://
www.nomograms.org)

TREATMENT RECOMMENdATIONS

Stage Recommended treatment 5–10-
Year 
bPFS

5–10-Year  
CSS

Low-risk For life expectancy <10 years, JJ

active surveillance or definitive 
RT (3DCRT/IMRT with IGRT, or 
brachy therapy)
For life expectancy JJ ³10 years, RT, 
RP ± pelvic LN dissection, or active 
surveillance. Consider adjuvant RT 
if +margin(s) after RP

75–90% >95%

continued

http://www.nomograms.org
http://www.nomograms.org
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Interme-
diate-risk

For life expectancy <10 years, JJ

active surveillance, RT ± short-
term androgen deprivation 
therapy(ADT), or RP

50–85% 85–90%

For life expectancy JJ ³10 years, RT 
+ short-term ADT (4–6 month), 
high-dose RT alone, or RP ±  
pelvic LN dissection
RT is 3DCRT/IMRT with IGRT JJ

± brachytherapy boost. Brachy-
therapy monotherapy considered 
for select GS seven patients. 
Consider whole pelvic RT, espe-
cially if multiple adverse features. 
Adjuvant RT ± short-term ADT 
indi cated for +margin(s) or pT3 
disease

High-risk RT (3DCRT/IMRT with IGRT JJ

± brachy therapy boost) with 
neo adjuvant, concurrent, and 
adjuvant ADT (2–3 years). Four 
to six-month ADT considered for 
select patients with single adverse 
feature with GS 6–7. Whole pelvic 
RT indicated. Consider RP with 
pelvic LN dissection only for 
select patients with low-volume 
disease and no fixation. Adjuvant 
RT ± short-term ADT indicated 
for +margin(s) or pT3 disease

T1-2: 
60%
T3/N+: 
20%

T1-2: 
80–85%
N+: 60%

Node+ Life long or long-term ADT (JJ ³2 
years) alone or combined with 
RT (3DCRT/IMRT with IGRT ± 
brachytherapy boost; sometimes 
preferred over ADT alone when 
limited nodal disease)

10-year OS 35–60%
5-year PFS 20–50%

Metas tatic Long-term ADT (JJ ³2 years) ± 
palliative RT ± bisphosphonates. 
For hormone-refractory disease, 
docetaxel and prednisone

Median survival 
for androgen-
independent disease 
is ~18 months

Adjuvant 
or salvage 
RT after 
RP

Adjuvant RT indicated if JJ

persistent local disease on 
imaging or biopsy, or pT3 disease 
or +margin(s).

Adjuvant RT
5-year bPFS ~75%
5–10-year LF 5–8%

continued
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Best candidates for salvage JJ

RT for rising PSA after RP: 
pretreatment low-risk disease 
with PSA velocity <2 ng/mL in 
year before diagnosis; pathologic 
GS £7, +margin(s), negative LN, 
and no SVI; time to 
PSA failure >3 years after RP, JJ

and

Salvage RT
See Trock and 
Stephenson 
nomograms

low PSA at time of salvage <1 ng/ JJ

mL. Short-term ADT considered for 
patients with high-risk features

Residual 
disease or 
recurrence 
after RT

If metastatic or not a candidate for JJ

local therapy, ADT or observation. 
If +biopsy and no evidence (or 
low-risk) of metastases, surgery, 
salvage brachytherapy, or cryo-
therapy considered. Salvage RP 
provides 5-year PSA control in up 
to 85, 55, and 30% of patients with 
pre-op PSA <4, 4–10, and >10, 
respectively. However, high risk of 
morbidity, including incontinence 
(~50–70%), erectile dysfunction, 
and bladder neck contracture or 
stricture (~15–30%)

STUdIES
ACTIvE SURvEILLANCE

Active surveillance generally consists of DRE and PSA every JJ

3–6 months with routine repeat biopsy in 1–2 years to rule-out 
Gleason grade progression.
Active surveillance avoids side effects of therapy that may be JJ

unnecessary.
Disadvantages of active surveillance include:JJ

Chance of missed opportunity for cure.JJ

Risk of progression and/or metastasesJJ

Subsequent treatment may be more intense with increased JJ

risk of side effects.
Increased anxiety.JJ

Uncertain long-term natural history of prostate cancer.JJ
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Life expectancy can be estimated using the Social Security JJ

Administration tables, available at: http://www.ssa.gov.
Life expectancy can then be adjusted using the clinicians JJ

assessment of overall health:
Best quartile of health – add 50%.JJ

Worst quartile of health - subtract 50%.JJ

Middle two quartiles of health - no adjustment.JJ

JJ Swedish trial (Bill-Axelson et al. 2002, 2005, 2008): Randomized 
695 patients with T1b-T2 to WW vs. RP. With median follow-up 
10.8 years, RP reduced 12-year death from prostate cancer 
(20→14%) and DM (26→19%), but no longer a difference in OS 
(p > 0.09). Patients with ECE had 14× risk of prostate cancer death 
vs. those without ECE. On subgroup analysis, men younger than 
65 years at diagnosis had significant improvements with RP, while 
there was no discernable difference among those above 65 years.

JJ SEER (Wong et al. 2006): Compared ~32,000 treated patients 
age 65–80 with T1–2 GS 2–7 vs. ~12,000 patients observed. 
Treatment group had 31% lower mortality (HR 0.69). Benefits 
for specific subgroups: age 75–80 years 27% benefit, PSA era 
diagnosis 38% benefit, no comorbidities 29% benefit, cT1–T2a 
GS 2–4 21% benefit.
Klotz et al. (JJ 2004): Phase II study of 299 patients with low-risk 
or intermediate risk disease (if >70 years) treated with active 
surveillance with delayed intervention for PSA DT £2 years or 
grade progression on rebiopsy. Eight-year DSS and OS were 99 
and 85%, respectively.

ANdROGEN dEPRIvATION ThERAPY ALONE OR WITh RT
JJ Scandinavian SPCG-7 (Widmark 2008): 875 patients with locally 
advanced nonmetastatic disease with PSA <70 (78% T3, 19% T2; 
median PSA 16) randomized to 3 month combined androgen 
blockade followed by continuous flutamide ± RT. RT was 50 Gy 
to P+SV and 20 Gy boost to P. Addition of RT improved 10-year 
prostate cancer specific mortality (24→12%; including 16% ben-
efit for T2 patients), overall mortality (39→30%), and PSA recur-
rence (75→26%). QOL was only slightly worse with RT, including 
urinary stricture (0→2%), urinary urgency (8→14%), moderate 
to severe urinary leakage (3→7%), and ED (81→89%).

JJ EORTC 30891 (Studer et al. 2006): 985 patients with T0-4N0-2 
who refused or were not eligible for local treatment randomized to 
immediate vs. deferred androgen ablation (orchiectomy or LHRH 
analog). Immediate AA improved OS (42→48%), but not prostate 

http://www.ssa.gov
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cancer specific survival or symptom-free survival. In deferred arm, 
median time to start of androgen ablation was 7 years. Causes of 
death: prostate CA ~36%, cardiovascular  disease ~34%.

JJ Medicare analysis (Lu-Yao et al. 2008): >19,000 men >66 years 
with T1–2 disease followed conservatively or treated with pri-
mary ADT (PADT). PADT reduced 10-year PCSS by 2% with no 
OS difference. Exception was 5% improvement in PCSS for 
poorly differentiated cancer.

RAdICAL PROSTATECTOMY (RP)
Retropubic approach allows bilateral pelvic lymph node dis-JJ

section to precede prostatectomy in patients with LN risk. 
Perineal approach associated with better exposure of urethral 
stump and reduced risk of involved apical margin, but increased 
risk of rectal damage.
A pelvic LN dissection frequently excluded in patients with JJ

<7% probability of LN metastases by nomograms.
High volume surgeons in high volume centers generally pro-JJ

vide better outcomes.
Results with laparoscopic and robot-assisted RP in experience JJ

hands are comparable to open approaches.
Recovery of erectile function is directly related to the degree of JJ

preservation of the cavernous nerves.
Numerous studies of 3-month neoadjuvant HT before RP vs. JJ

RP alone demonstrate decreased margin positivity and tumor 
volume, but no change in bPFS.

JJ Outcome for GS 7 patients (Tollefson 2006): ~1,600 patients at 
Mayo Clinic had RP for GS 7. GS 3+4 vs 4+3: 10-year bRFS (48 
vs. 38%), DM (8 vs. 15%), and CSS (97 vs. 93%).

JJ Outcome for GS 8–10 patients (Lau 2002): 407 patients at Mayo 
Clinic with GS 8–10 who had RP. Twenty-six percent pT2, 48% 
pT3, 27% LN+. Ten-year CSS 85%, OS 67%, b/cPFS 36%. 
Among pT2 patients, 10-year CSS 96%.

JJ Occult LN (Pagliarulo et al. 2006): 274 patients with pT3 with 
bilateral LND. Occult +LN found by immunohistochemistry in 
13% of pN0 patients by H&E. Occult LN+ patients had similar 
recurrence and survival to pN+ patients.

RAdIATION dOSE ESCALATION
Six randomized trials show 10–20% improvements in bPFS JJ

with dose escalation, but no OS benefit.
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hYPOFRACTIONATION
Kupelian et al. (JJ 2007): 770 patients treated with 70 Gy at 2.5 Gy/
fx in 5 weeks. Low 34%, intermediate 28%, and high-risk 38%. 
Sixty percent got HT. Five-year bRFS for low 94%, intermedi-
ate 83%, and high-risk 72%. Late grade 2–4 rectal toxicity 4.5%, 
late grade 2–3 urinary toxicity 5.2%.
Yeoh et al. (JJ 2006): 217 T1-2N0 patients randomized to 55 Gy at 
2.75-Gy/fx vs. 2/64 Gy. Worse acute GI and GU toxicity with 
hypofractionation, but no difference in bF or OS.
Pollack (2006): Randomized 100 intermediate (65%) and high JJ

(35%) risk patients to 76 Gy/38 fx vs. 70.2 Gy/26 fx to P+proximal 
SV for intermediate and P+SV+LN for high-risk patients. Slight 
increase in acute GI toxicity for first month with hypofraction-
ation, predicted by V65 Gy.

RT + ShORT-TERM hT (SThT)
Randomized trials of STHT vs. no HT demonstrate that 3–6-JJ

month HT improves bPFS by 15–25% and CSS by 3–8% vs. no 
HT. A 10–15% OS benefit was only seen in the D’Amico and 
RTOG 8610 (GS 6 patients only).
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RTOG 9408 (ASTRO 2009 late breaking abstract, not published JJ

by ASTRO). Randomized 1979 T1b-T2b pts to 66.6 Gy +/- 4 mo 
nCHT. HT improved 8 yr OS for intermediate-risk pts (66→72%) 
with trend for high-risk pts (58→66%) and no difference for 
low-risk pts (73 vs 76%). No increase in deaths from intercur-
rent disease with HT.

RT + LONG-TERM hT
For high-risk patients, HT for JJ ³2–3 years improves OS by  
~10–15%, CSS by ~5%, and DFS by ~20–30% vs. no HT or  
4–6-month HT.
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SELECTEd STUdIES ON FIELd SIzE
Whole pelvic RT used in all high-risk trials, controversial for inter-JJ

mediate-risk patients, and not indicated for low-risk patients.
Whole Pelvic RT defined with L5-S1 superior border vs. mini-JJ

pelvic field at bottom of SI joints.
JJ RTOG 9413 field size (Roach 2006): Compared results for 
ncHT arms for WP vs. mini-pelvic (largest PO fields) vs. 
smallest PO fields. WP improved 7-year PFS (40%) vs. mini-
pelvis (35%) or PO RT (27%). No difference in late GU toxic-
ity, but small increase in late grade 3+ GI toxicity (1→4%) 
with WP.

JJ GETUG-01 (Pommier 2007): 444 patients with T1b-T3N0M0 
randomized to 66–70 Gy to prostate ± 46 Gy to pelvis (top 
border S1/S2): 4–8-month NCHT allowed for “high-risk” 
patients (³T3, GS ³7, or PSA ³3x normal). Approximately 
55% of patients had LN risk <15% using Roach formula. 
Median PSA 12, ~25% T3, and ~10% GS 8–10. With 42-month 
follow-up, pelvic RT did not improve OS or PFS regardless of 
LN risk group, although risk of LN was the most significant 
prognostic factor on multivariate analysis. Pelvic RT slightly 
increased acute mild GI toxicity (p=ns) and late GI grade 2+ 
toxicity (p=ns), but not acute or late urinary toxicity. No dif-
ference in QOL. Criticism: WPRT superior border only 
extended to S1/S2.

JJ Yale (Aizer et al. 2009): Retrospective review of 277 consecutive 
patients with ³15% risk of LN involvement treated with pros-
tate-only (75.5%) or whole pelvic RT (24.5%) and median RT 
dose 75.6 Gy. Despite higher T stage, GS, and pretreatment PSA 
at baseline, WPRT group had improved 4-year bDFS (69.4 vs. 
86.3%). Predictors of bDFS were pretreatment PSA, GS, use of 
HT, and use of WPRT. WPRT increased acute GI, but not acute 
GU or late toxicity.

JJ UCSF (Seaward et al. 1998): Retrospective review. High-risk 
patients (n = 201) who received WPRT had improved freedom 
from PSA failure vs. PO-RT (median PFS = 34 vs. 21 month). 
Multivariate analysis revealed type of RT as most significant 
predictor of outcome.

JJ University of Michigan (Pan et al. 2002): Retrospective review of 
1,832 patients treated with 3D-CRT divided into three catego-
ries of LN involvement: low, 0–5%; intermediate, >5–15%; and 
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high, >15% (Partin Tables). Multivariate analysis  demonstrated 
significant benefit for entire population treated with WPRT, 
with benefit most pronounced among intermediate-risk group 
(2-year bNED 90 vs. 81%).

JJ Fox Chase (Jacob et al. 2005): Retrospective review of 460 
patients with LN risk ³15% or T2c GS 6–10 PSA <100 treated 
with 3DCRT (74–82 Gy) with whole pelvic (65%), partial  pelvic 
(16%), or prostate-only (10%) fields. Sixteen percent received 
STAD. RT dose was the major determinant of PSA control and 
field size and STAD were not associated. Criticism: WP fields 
only extended superiorly to the inferior SI joints.

JJ Stanford (Spiotto 2007): See below under adjuvant/salvage.
Da Pozzo et al. (JJ 2009): See below under node+.

ChEMO WITh RT
RTOG 9902 (Rosenthal et al. JJ 2009): 397 patients with GS ³7 
and PSA 20–100 or T2, GS ³8, PSA <100 randomized to RT + 
2-year 4-month HT ± paclitaxel, estramustine, and etoposide 
chemotherapy. Terminated early due to increased toxicity. 
Chemo increased GI and heme toxicity including two deaths 
from neutropenic infection and three cases of AML or 
myelodysplasia.

LdR BRAChYThERAPY
Multiinstitutional review (Zelefsky 2007): 2,693 patients with JJ

T1–2 treated with brachy monotherapy (68% I-125, 32% 
Pd-103): 8-year PSA RFS: 93% if D90 ³130 Gy vs. 76% if 
<130 Gy; 92% if PSA nadir <0.5, 86% if PSA nadir 0.5 to <1, 
79% if PSA nadir 1 to <2, 67% if PSA nadir >2.
Multiinstitutional review (Stone 2009): 1,078 patients with JJ

Gleason 7–10 treated with LDR brachy ± supplemental EBRT 
(58%) and/or STADT (62%): 5-year bFFF was 80% for all. On 
subset, BED predicted 5-year bFFF: BED <200 (76%), BED 
200–220: 84%, BED >220: 88%.

hdR BRAChYThERAPY
Galalae et al. (JJ 2004): Reviewed 611 patients on three studies 
treated with EBRT (45–50 Gy to prostate, seminal vesicles, and 
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pelvic LN) with a HDR boost of 2–4 fractions during EBRT. 
Included 177 patients treated with short-course N&CHT. 
 Five-year bPFS / CSS for low-risk (£T2a and GS £6 and PSA 
£10) = 96/100%, intermediate-risk (one factor: ³T2b or GS ³7 or 
PSA ³10) = 88/99%, and high-risk (³2 intermediate risk fac-
tors) = 69/95%. Predictors of failure were risk group, stage, PSA, 
and GS. Short-course N&CHT did not improve outcome. 
 Five-year OS for all groups was 85–88%.

COMPARISON OF MOdALITIES
Kupelian et al. (JJ 2004): Compared 2,991 consecutive patients 
treated at Cleveland Clinic and Memorial Sloan Kettering 
with RP, EBRT <72 Gy, EBRT >72 Gy, permanent seed implant 
(PPI), and combined PPI + EBRT. Patients treated with RP 
were younger and had more favorable tumor characteristics. 
£6-month neoadjuvant HT was used in 21% of patients 
(mainly the RT groups). bPFS was defined as PSA >0.2 for RP 
or 3 consecutive rises for all others. The 5-year bPFS was: RP 
81%, EBRT <72Gy 51%, EBRT >72Gy 81%, PPI 83%, 
PPI+EBRT 77%. Only EBRT <72 Gy was worse. Pretreatment 
PSA, GS, and year of therapy predicted bPFS, but T stage and 
HT did not.
D’Amico et al. (JJ 1998): Reviewed 1,872 patients treated at 
University of PA or the Joint Center in Boston with RP, EBRT, 
or LDR implant ± neoadjuvant HT. Using old ASTRO PSA fail-
ure definition and D’Amico risk groups, there was no difference 
in bPFS for low-risk patients. For intermediate-risk patients, 
there was no difference between RP, EBRT, implant + neoadju-
vant HT. For high-risk patients, implants (± NHT) had lower 
bPFS than RP or EBRT.
Eade et al. (JJ 2008): 374 low-risk patients treated at Fox Chase 
with IMRT and IGRT to 74–78 Gy or with I-125 implant to 
145 Gy. patients treated with IMRT were more likely to be older 
and have worse baseline urinary function. IMRT had lower 
3-year rates of grade 2+ GI toxicity (2.4 vs. 7.7%) and GU toxic-
ity (3.5 vs. 19.2%).
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Beyer and Brachman (JJ 2000): Reviewed >2,200 patients with 
T1–2 disease treated with either EBRT (n > 1,527) or PPI 
(n > 695) at a single institution. There was no difference in 
5-year FFS for T1 or T2 disease with GS <7 and PSA <10. For 
patients with GS 8–10 or PSA >10 to <20, EBRT provided 
improved FFS.
Jabbari (2009): Comparison of 249 low/intermediate-risk JJ

patients treated with LDR brachytherapy ± EBRT ± ADT at 
UCSF and University of Michigan, and the high-dose 
(79.2 Gy) arm of the Zietman proton boost PIII trial. bNED 
at 5 and 7 years with LDR brachy is 92 and 86%, and equiva-
lent to 3DCRT and proton boost. No change in results when 
censoring ADT patients. Lower PSA nadirs achieved with 
LDR brachytherapy as compared to 3DCRT or proton 
boost.
Grills et al. (JJ 2004): Review of 65 consecutive patients treated 
with HDR monotherapy (Ir-192, 9.5 Gy b.i.d. × 2 day) and 84 
patients treated with LDR monotherapy (Pd-103, 120 Gy) at 
William Beaumont Hospital. The majority had T1c-T2a, GS 
£6, and PSA <10; 36% received neoadjuvant HT. Three-year 
biochemical control (ASTRO definition) was 98% for HDR 
and 97% for LDR. HDR was associated with reduced acute 
grade 1–3 dysuria, urinary frequency/urgency, and rectal 
pain, as well as late urinary frequency/urgency and 
impotence.

AdJUvANT ANd SALvAGE RT AFTER RP
PSA failure occurs in 15–40% of patients after RP.JJ

Patients with rising PSA after RP have up to 60% probability of JJ

developing DM and 20% risk of prostate CA mortality within 10 
years if left untreated.
Median time from PSA failure to DM is ~8 years, but only ~3 JJ

years for high GS or short PSA doubling time <3 month. 
Median time from DM to death is ~5 years (Pound 1999; 
Freedland 2005).
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SALvAGE RAdIOThERAPY
Stephenson et al. (JJ 2007): Retrospective review 1,540 patients 
with PSA ³0.2 followed by another higher value or single PSA 
³0.5 after RP. All treated with salvage RT (median 64 Gy). 
Overall 6-year bPFS (PSA >0.2 higher than nadir after RT) was 
32%; 48% for pre-RT PSA £0.5, 40% for 0.5–1, 28% for 1–1.5, 
and 18% for >1.5. bPFS 41% for patients with GS8–10 and 
PSADT <10 month if initiated with pre-RT PSA £0.5. Predictors 
of poor outcome were higher pre-RT PSA, GS 8–10, PSADT <10 
month, -margins, ADT, and LN+ (Fig. 26.1).
Trock et al. (JJ 2008): Retrospective review of 635 men status 
post-RP for T1–2 with PSA >0.2 with no further tx (63%) vs. 
salvage RT (25%) or salvage RT and HT (12%): 10-year PCSS 
was 62, 86, and 82%, respectively. On multivariate analysis, sal-
vage RT reduced risk of death by >65%. Strongest predictor of 
improved PCSS was PSA-DT <6 month. For PSA-DT >6 month, 
salvage RT only improved PCSS for subgroup of patients with 
+margins and G8–10. Salvage RT improved PCSS only if given 
sooner than 2 years after recurrence. Salvage RT benefit for 
patients with rapid PSADT and high GS suggests prevalence of 
local recurrence may be higher than previously thought. Study 
underpowered to determine if salvage RT benefits men whose 
PSA never became undetectable. PCSS similar for men with 
salvage RT ± HT, despite HT patients having worse prognostic 
factors, suggesting possible benefit of HT. Salvage RT improved 
OS for pT3 patients up to 98% (Fig. 26.2).
Beyer (JJ 2003) reviewed the literature on salvage brachytherapy 
after EBRT and noted that 5-year freedom from second relapse 
after salvage brachytherapy is ~50% overall, but with careful 
selection may be as high as 83%. Patients most likely to benefit 
include those with histologically confirmed local recurrence, no 
evidence of distant disease, adequate urinary function, >5–10-
year life expectancy, >2-year disease-free interval after EBRT, 
PSADT >6–9 month, GS £6, and PSA <10 at time of recurrence).

ROLE OF hT WITh SALvAGE OR AdJUvANT RT
King (2004): Retrospective analysis of 122 patients treated with JJ

salvage RT ± HT. Addition of HT improved 5-year bNED 31→57% 
and OS 87→100%. For GS £7 5-year bNED 38→58% and OS 
98–100%. For GS ³8 bNED 17→65% and OS 54→100%.
Cheung (2005): Retrospective analysis of 101 patients treated JJ

with salvage RT ± HT. HT provided benefit for all patients 
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except those with +margin and PSA <0.5 (favorable): 5-year 
bPFS for favorable patients ~80→100% p = ns, ~60→80% for 
unfavorable patients (p = 0.03).
Spiotto (2007): 160 patients treated with adjuvant or salvage JJ

RT. Sixty-three percent of 114 patients with high-risk features 
(GS ³8, pPSA ³20, SVI, ECE, or +LN) received WPRT, while 
remaining received prostate bed only RT. Among high-risk 
patients (>20% risk of LN = pT3, LN+, pPSA >20, G8–10), WPRT 
improved 5-year bRFS vs. PO RT (21→47%), but there was no 
difference for lower-risk patients. Benefit only seen for patients 
given ADT concurrently (bRFS 18→53%), despite worse prog-
nostic features among WPRT group. Also, the addition of ADT 
to WPRT improved bRFS vs. WPRT alone (35→53%).

JJ RTOG 85-31 (Corn 1999): 139 post-op patients had ECE or SVI. 
71 got RT+HT and 68 got RT alone. RT+HT improved 5-year 
bPFS (42→65%).

NOdE+ dISEASE
No proven OS benefit by the addition of local treatment to ADT.JJ

No randomized trial of long-term LHRH vs. LHRH + RT yet pub-JJ

lished, but trial of long-term antiandrogen after initial combined 
ADT showed OS advantage with the addition of RT (Widmark 
et al. 2009).
Messing et al. (JJ 1999); Messing (2006): 98 LN+ patients who had 
a RP and pelvic lymphadenectomy were randomized to immedi-
ate goserelin or bilateral orchiectomy vs. observation. At 12-year, 
immediate ADT improved MS (11.3→13.9 years) and MPFS 
(2.4–4.1→13.9 years). All but three patients died of  prostate 
 cancer in observation arm.

JJ RTOG 8531 (JCO 2005): 173 patients had biopsy pN+ and ran-
domized to RT vs. RT + goserelin indefinitely. Addition of LTHT 
improved OS (5 year 50→72%, 9 year 38→62%), bPFS (5 year 
33→54%, 9 year 4→10%), and DM (48→33%).
Zagars et al. (JJ 2001): Retrospective 255 pN+ patients were 
treated with early androgen ablation alone or with 70 Gy EBRT 
to the prostate. Adding EBRT improved 10-year OS (46→67%) 
and freedom from relapse or rising PSA (25→80%).
Da Pozzo et al. (JJ 2009): Retrospective review of 250 consecutive 
pLN+ patients treated with HT alone (48%) or HT and RT 
(52%). Seventy-four percent of patients received pelvic and 
prostate bed RT. Median dose 66.6 Gy. 5/8-year bRFS 72/61%, 
CSS 89/83%. In multivariate analysis, adjuvant RT and # of 
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positive LN predicted bRFS and CSS. Patients treated with 
aHT alone had 2.6× risk of prostate cancer mortality vs. HT 
and RT after accounting for other predictors.

METASTATIC dISEASE
Prognosis is best approximated by the absolute level of PSA, JJ

the PSA doubling time, initial stage, and, most importantly, 
tumor grade.
Earlier ADT may be better than delayed ADT, although the defi-JJ

nitions of early are controversial.
Patients with an elevated PSA (>50 ng/mL) and/or a shorter JJ

PSA doubling time (or a rapid PSA velocity) and an otherwise 
long life expectancy should consider early ADT.
Treatment should begin immediately in the presence of tumor-JJ

related symptoms or overt metastases.
Earlier ADT will delay the appearance of symptoms and of JJ

metastases, but it is not clear whether it will prolong survival.
JJ MRC (The Medical Research Council Prostate Cancer 

Working Party Investigators Group 1997): 934 patients with 
T2–4 or asymptomatic M1 disease were randomized to 
immediate androgen ablation (AA) (LHRH analog or orchiec-
tomy) vs. deferred AA. Early treatment decreased local and 
metastatic disease progression, and increased OS and CSS 
(mostly among M0 patients).

LHRH agonist (medical castration) and bilateral orchiectomy JJ

(surgical castration) appear to be equally effective. Combined 
androgen blockade (medical or surgical castration combined 
with an antiandrogen) provides no proven benefit over castra-
tion alone in patients with metastatic disease.
Antiandrogen therapy should precede or be coadministered JJ

with LHRH agonist and be continued in combination for at 
least 7–14 days to reduce risk of developing symptoms associ-
ated with the flare in testosterone with initial LHRH agonist 
alone.
Antiandrogen monotherapy appears to be less effective than JJ

medical or surgical castration and should not be recom mended.
Intermittent ADT may reduce side effects without altering sur-JJ

vival compared to continuous ADT, but the long-term efficacy 
remains unproven.

Miller (2007): 335 patients with node+ or metastatic prostate JJ

CA randomized to goserelin and bicalutamide intermittent 
vs. continuous. No difference in time to progression or death 
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or incidence of adverse events. Patients on intermittent expe-
rienced >40% off-treatment periods.

Patients who do not achieve adequate suppression of serum JJ

testosterone (less than 50 ng/mL) with medical or surgical cas-
tration can be considered for additional hormonal manipula-
tions (with estrogen, antiandrogens, or steroids), although the 
clinical benefit is not clear.
Give supplemental calcium (1,200 mg daily) and vitamin D3 JJ

(800–1,000 IU daily) and consider bisphosphonate therapy.
For men with androgen-independent disease, every 3-week JJ

docetaxel and prednisone is the preferred first-line chemother-
apy treatment based on two randomized trials that demon-
strated ~3-month survival benefit with docetaxel based therapy 
vs. mitoxantrone / prednisone (SWOG 99-16, NEJM 2004; 
Tannock et al. 2004).

RAdIATION TEChNIQUES
EBRT

At UCSF, patients are treated supine with alpha cradle or “knee JJ

sponge” to consistently align thighs.
Alternatively, patients may be treated prone with thermoplastic JJ

shell immobilization. A randomized trial by Bayley et al. (2004), 
however, noted that there was significantly less prostate motion 
in the supine position and that prone position resulted in 
increased dose to critical structures.
Patients are instructed to have a full bladder and empty rectum JJ

(following an enema) for simulation.
At UCSF, a daily electronic portal imaging device (EPID) is JJ

used to monitor prostate position. Gold marker seeds are 
placed in the base and apex of the prostate 7–10 day prior to 
simulation. If EPIDs are unavailable, transabdominal US-based 
daily imaging may be used.
If gold seeds are not placed, retrograde urethrography is used JJ

in conjunction with CT for identifying the inferior border of 
the prostate. The prostate apex is assumed to be 1–1.5 cm supe-
rior to the point at which the dye narrows. Retrograde ure-
thrography is particularly useful in the post-op setting.
Planning is CT-based. The prostate appears larger inferiorly JJ

and posteriorly on noncontrast CT images compared to TRUS 
or MRI.
Indications for seminal vesicle irradiation include + biopsy, + JJ

TRUS, + MRI, or calculated risk >15% (using the Roach formula).
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Indications for whole pelvic RT at UCSF include involved LN, JJ

seminal vesicle involvement, a calculated risk of lymph node 
involvement >15% (using the Roach formula), patients with T3 
GS 6 disease, and patients with high intermediate risk (>50% + 
biopsies) or high-risk disease.
For traditional whole pelvic RT, initial field borders are: JJ

superior = L5/S1; inferior = 0.5–1 cm below the area where 
the dye narrows on the urethrogram (or 1–1.5 cm below in 
the post-op setting); lateral = 1.5 cm lateral to the bony mar-
gin of the true pelvis. On the AP/PA fields, corners are blocked 
to decrease dose to the femoral heads, bowel, and bone mar-
row. On the lateral fields, the anterior border is anterior to 
the pubic synthesis. The posterior border splits the sacrum 
to S2/3 and a beam’s eye view is generated with CT contours 
of the rectum present in order to draw the rectal bloc exclud-
ing the posterior rectum. “Mini-pelvic” fields are not 
recommended.
For the conedown on the prostate + seminal vesicles or the JJ

prostate alone, nonuniform field edge margins of 0.5–1.5 cm 
are used in order to account for set-up error, movement error, 
and beam penumbra.
With daily EPID imaging, the margins are reduced to 0.5–1 cm.JJ

Weekly port films are obtained throughout treatment.JJ

Alternatively, IMRT may be used for both whole pelvic and JJ

boost portions of treatment. With whole pelvic IMRT, careful 
review of lymph node mapping is recommended (Shih et al. 
2005; Taylor et al. 2005; Chao and Lin 2002).
RTOG GU Consensus on pelvic LN CTV volumes (Lawton et al. JJ

2008; Lawton et al. 2009):
Commence contouring the pelvic CTV LN volumes at the L5/JJ

S1 interspace (the level of the distal common iliac and proxi-
mal presacral lymph nodes).
Place a 7-mm margin around the iliac vessels connecting the JJ

external and internal iliac contours on each slice, carving out 
bowel, bladder, and bone.
Contour presacral lymph nodes (subaortic only) S1 through JJ

S3, posterior border being the anterior sacrum, and anterior 
border approximately 10 mm anterior to the anterior sacral 
bone carving out bowel, bladder, and bone.
Stop external iliac CTV lymph node contours at the top of the JJ

femoral heads (bony landmark for the inguinal ligament).
Stop contours of the obturator CTV lymph nodes at the top JJ

of the public (Figs. 26.3 and 26.4).
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In the postoperative setting, the CTV is based on preoperative JJ

imaging, histopathologic size of the prostate, tumor extent, 
surgical margins, and input from the Urologist.

Inferior border: top of penile bulb or 1.5 cm below urethral JJ

beak or 8 mm below vesicourethral anastamosis.
Anterior border: posterior edge of pubic symphysis including JJ

entire bladder neck until above symphysis, then off bladder.
Posterior border: to anterior aspect of rectum and  mesorectal JJ

fascia.

Fig. 26.3 Representative pelvic LN CTV contours: (a) Common iliac and pre-
sacral (L5/S1). (b) External iliac, internal iliac, and presacral (S1–S3). (c) 
External and internal Iliac (below S3). (d) End of external iliac (at top of 
femoral head, bony landmark for the inguinal ligament). (e) Obturator (above 
the top of the pubic symphysis) (Reprinted with permission from Elsevier. 
Adapted from: Lawton et al. 2009)
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Fig. 26.4 Representative definitive UCSF IMRT plan for a man with cT2b, 
Gleason 4+5 PSA 17.2 adenocarcinoma of the prostate. Purple colorwash: 
prostate and SV PTV, blue colorwash: lymph node PTV

Lateral borders: to medial edge of obturator internus muscles.JJ

Superior border: just above pubic symphysis anteriorly and JJ

including surgical clips or 5 mm above inferior border of vas 
deferens.
PTV expansion: 0.6–1.5 cm (Fig. JJ 26.5).

EBRT dOSE
Prophylactic dose to the pelvic LN is 1.8 Gy/fx to 45 Gy. Involved JJ

LN receive 54–56 Gy or higher with IMRT.
Prophylactic dose to the seminal vesicles is 54 Gy. Documented JJ

seminal vesicle disease receives full-dose.
Conedown boosts using 3DCRT or IMRT cover the prostate to JJ

74–78 Gy. The minimum central axis dose is 78 Gy.
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Fig. 26.5 Representative postoperative prostate bed CTV, yellow; vesicourethral 
anastomosis, white; rectum, blue; bladder, green; vas deferens, red. (a–c) Delayed 
scan following IV contrast so as to ascertain the most inferior slice where urine is 
last visible (c). The anastomosis is one slice below this (b), and the most inferior 
CTV slice 5 mm lower (a). (d–g) The anterior border of the inferior CTV lies 
behind the symphisis pubis. (h–j) The most superior slice of the CTV (j) encom-
passes the last slice where the vas deferens is visible and all nonvascular surgical 
clips (Reprinted with permission by Elsevier. Adapted from: Sidhom et al. 2008)
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In the postoperative setting, the prostate bed is typically treated JJ

to 64.8–66.6 Gy at 1.8-Gy per fraction, but may be boosted 
higher if local residual disease is documented.

ExAMPLE EBRT dOSE CONSTRAINTS
BladderJJ

V75 <25%, V70 <35%, V65 <25–50%, V55 <50%, V40 <50%.JJ

RectumJJ

V75 <15%, V70 <20–25%, V65 <17%, V60 <40%, V50 <50%, JJ

V40 <35–40%.
Femoral heads: V50 <5%JJ

Small bowel: V52 0%JJ

Penile bulb: Mean dose <52.5 GyJJ

LdR BRAChYThERAPY
ABS monotherapy indications: T1c-T2a, GS <7, PSA JJ £10.
ABS indications for supplemental EBRT: JJ ³T2c, GS ³ 7, PSA >10 
(any 1 factor).
Contraindications include metastases, gross seminal vesicle JJ

involvement, and large T3 disease that cannot be easily 
implanted due to geometrical impediments.
Patients unlikely to cope well with a temporary exacerbation of JJ

obstructive symptoms may be better served with EBRT or RP 
(e.g., significant pretreatment urinary obstructive symptoms, 
such as AUA score >15. Other relative contraindications are 
prostate size (>50 cm3) related to pubic arch interference, pros-
tatitis, and median lobe hypertrophy.
Implants are typically preplanned from TRUS images of the JJ

prostate taken in the lithotomy position at 5-mm intervals from 
the base through the apex £7 days before the implant.

The patient is set up with the midgland symmetrically in JJ

center of template grid (6 cm R/L × 5.5 cm A/P). Fluid in 
bladder helps define base. Rectal wall aligned to row 1. 
Pubic arch interference is then ruled out. The base is 
referred to as 0.0 retraction and is set on axial and sagittal 
views. A Foley catheter is then inserted into bulbomembra-
nous urethra and 2 mL water is inserted into the balloon to 
occlude the urethra. Aerated K-Y jelly is then inserted 
slowly into urethra to improve visualization. Images of the 
prostate are then captured into the treatment planning sys-
tem. At least one extra slice above and below prostate is 
captured.
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Recently, intraoperative planning based on intraoperative JJ

TRUS image capture has been used.
The goal of treatment planning is to cover the prostate with a JJ

3–5-mm margin to cover potential ECE.
For the procedure, pre-op bowel preparation is necessary and JJ

spinal, epidural, or general anesthesia is generally used, but 
local anesthesia is used at some centers.
In the OR, a catheter or aerated gel is used to visualize the JJ

urethra. TRUS frequencies of 5–7 MHz are used. The TRUS is 
supported on an adjustable 0.5 cm stepping unit mounted to 
the table. If using a preplan, match the intra-op images to the 
pre-op images using the seminal vesicles and the base of the 
gland. Needles are inserted through the template holes until 
they are viewed in the desired plane. Rotating the needle allows 
two distinct lines to be seen, corresponding to the bevel. Seeds 
are deposited from preloaded needles or the Mick applicator. 
Seeds may be single or suture-mounted. An extended litho-
tomy position may help reduce pubic arch interference.
Typically, the patient is discharged after he is able to urinate. JJ

Prescriptions are generally provided for Flomax, NSAIDs, and 
Cipro ×3 day. Patients are cautioned to avoid constipation in 
postimplant periord.

LdR dOSE
Brachytherapy monotherapy doses: I-125 144 Gy; Pd-103 JJ

125 Gy.
After 40–50 Gy EBRT: I-125 110 Gy; Pd-103 90 Gy.JJ

I-125: source activity 0.2–0.9 mCi, half-life 60 day, photon JJ

energy 28 KeV.
Pd-103: source activity 1.1–2.5 mCi, half-life 17 day, photon JJ

energy 21 KeV.
Review isodose overlays to determine significance of under and JJ

overdosed regions.
Dosimetric goals.JJ

V100 is the percent of the prostate volume covered by 100% JJ

of the prescription dose.
D90 is the % prescription dose that covers 90% of the pros-JJ

tate volume.
Prostate: V100 >95–99%, D90 >90–100%, V150 <70%, V200 JJ

<20%.
Urethra: D30% <130%, Dmax <150%, V100 <60%.JJ

Rectum: D0.1 mL <200 Gy, D2mL <100%, RV100% <1 mL.JJ
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hdR BRAChYThERAPY
Generally, HDR implants are performed less frequently than JJ

LDR implants.
HDR after-loading catheters are inserted under TRUS guidance JJ

and secured into position. A CT scan captures the catheter 
position into the treatment planning system. Each catheter is 
sequentially loaded with Ir-192 by computer-driven stepping 
motors. The treatment planning software determines the opti-
mal loading and duration of the source in a given position in 
order to accomplish a desired dose distri bution.
Temporary implants are usually administered using multiple JJ

fractionated treatments delivered over 1–3 out-patient or 
 in-patient visits.

hdR dOSE
After EBRT, HDR is given as 9.5 Gy × 2 fractions in one JJ

implant.
As monotherapy, HDR dose is 9.5 Gy b.i.d. × 2 day or 10.5 Gy × 3 JJ

fractions with one implant.
Goals:JJ

Prostate: V100 JJ ³ 90–96%, V150 < 40%, D90 > 90%.
Rectum and Bladder: V75 < 1 mL.JJ

Urethra: V120 < 0.8 mL.JJ

GYNECOMASTIA dUE TO ANTIANdROGENS

EBRT 4 Gy × 3 with 9 MeV e− reduces risk of gynecomastia JJ

by 70%.

COMPLICATIONS

Acute EBRT 
complications

Incidence Time of 
onset 
(week)

Management

Dysuria, urgency, 
frequency, nocturia

Urinary retention

Most

Rare

2

>1

NSAID, alpha-blockers, 
pyridium

Catheter

Diarrhea

Rectal irritation, 
pain, bleeding

25–75%

<10–20%

2

2–6

Diet, antidiarrheals, 

sitz baths,  
rectal steroids

Fatigue Most >3 Reassurance
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Late EBRT complications.JJ

Urinary stricture <4%, unless prior TURP or prostatectomy JJ

4–9% risk of stricture or stress incontinence.
Rectal bleeding <5–10% (technique/volume/dose related).JJ

In a metaanalysis (Robinson et al. JJ 2002), posttreatment impo-
tence rates were:

Brachtherapy alone 24%.JJ

Brachtherapy + EBRT 40%.JJ

EBRT alone 45%.JJ

Nerve-sparing RP 66%.JJ

Nonnerve sparing RP 75%.JJ

Cryosurgery 87%.JJ

Decreased volume of ejaculate is seen with both EBRT and JJ

brachytherapy.
Perioperative brachytherapy complications include pain, dysu-JJ

ria, urinary retention, hematuria, and urinary frequency.
Obstructive symptoms occur in ~10% of patients and tend to JJ

resolve 6–12 month after the implant. Retention usually 
resolves in 1–3 day. Urinary retention risk is related to preim-
plant AUA score.

AUA <10: 2–9%.JJ

AUA 11–20: 10–20%.JJ

AUA >20: 25–30%.JJ

Urinary incontinence, urethral stricture or necrosis, hema-JJ

turia: <1–3%.
Rectal injury is technique related and occurs in about 1–5% JJ

of patients.
Complications of hormone therapy include hot flashes, impo-JJ

tence, liver dysfunction (due to antiandrogen), anemia, and 
osteoporosis.

Testosterone returns ~6–8 month after 1-month LHRH injec-JJ

tion, 10–14 month after 3-month injection.
If nonmetastatic on ADT, annual zolendronate 4 mg IV ×1 JJ

and daily Ca 500 mg and Vit D 400 IU can maintain bone 
mineral density for 1 year (JCO 2007).
For metastatic patients, or patients with osteoporosis (T JJ

score <2.5), zolendronate 4 mg IV q3 weeks decreases skele-
tal complications.

Prostatectomy.JJ

Prostate cancer outcomes study (Penson 2005): ~1,300 men JJ

treated with RP in a population based cohort. Five-year 
 out comes.
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Urinary symptoms: Only 35% had complete urinary con-JJ

trol, 51% had occasional leakage, 11% had frequent uri-
nary leakage, and 3% no urinary control.
Sexual dysfunction: Only 28% had erections sufficient for JJ

intercourse.
Second cancers (SEER, Tward 2008): Reviewed >92,000 RP JJ

patients, >9,000 EB+brachytherapy patients, and >10,000 
brachytherapy patients and found no statistically elevated risk 
of developing any overall or particular “in-field” malignancy.

FOLLOW-UP
H&P with DRE and PSA every 6 month for 5 years and then JJ

annually. In the first 1–3 years after definitive RT, PSA may be 
ordered more frequently (e.g., every 3–6 month).
The definition of PSA failure following surgery is controversial JJ

and values ³0.2, ³0.3, and ³0.4 ng/mL have been used.
New AUA standard is PSA JJ ³0.2 ng/mL on two measurements  
(J Urol 2007).
The 1996 ASTRO definition of PSA failure following EBRT is JJ

three consecutive PSA rises, with the time of failure backdated 
to the midpoint between the PSA nadir and the first rising PSA, 
or any rise great enough to provoke initiation of salvage ther-
apy; a minimum follow-up of 2 years was recommended for 
presentation or publication of data.
The “Phoenix Definition” (current ASTRO/RTOG definition) of JJ

PSA failure after EBRT, with or without short-term HT, is 
defined as a rise by ³2 ng/mL above the nadir PSA (defined as 
the lowest PSA achieved), with the date of failure “at call” and 
not backdated. Patients who undergo salvage therapy (e.g., 
with HT, RP, brachytherapy, or cryosurgery) are declared 
 failures at the time of + biopsy or salvage therapy administra-
tion (whichever comes first). Alternatively, for patients treated 
with EBRT alone, a modified stricter version of the ASTRO 
definition may continue to be used. For presentations and pub-
lications, the stated date of control should be listed as 2 years 
short of the median follow-up.
The PSA nadir after RP is ~3 weeks, after EBRT ~2–3 years (but JJ

can be up to 4–5 years), and after brachytherapy ~3–4 years.
PSA “bounce” consists of transient PSA rises (usually <2 ng/mL) JJ

after RT with a subsequent fall in the value. After  brachytherapy, 
~20% of patients have a bounce , and ~90% occur within 3 years 
with median duration 14 month. The median time to bounce 



471cHaptER 26: pRostatE cancER

VII

after EBRT is ~9–12 month and ~10–20% of patients have a 
bounce. Risk factors for PSA bounce after brachytherapy 
include age <65, higher implant dose, sexual activity, and larger 
prostate volume. PSA bounce after brachytherapy or EBRT 
does not predict PSA failure.
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Chapter 27

Cancer of the Penis

Alice Wang-Chesebro, William Foster, and Alexander R. Gottschalk

PEARLS
Penile cancer is rare in Western countries (<1% of cancers in JJ

men), but accounts for 10–20% of male malignancies in Africa, 
Asia, and South America.
LN drainage: skin of penis – bilateral superficial inguinal nodes; JJ

glans penis – bilateral inguinal or iliac nodes; penis corporal tis-
sue – bilateral deep inguinal and iliac; 20% chance of LN+ at 
surgery if clinically node negative.
Risk factors: uncircumcised status, phimosis, poor local JJ

hygiene, HPV-16, 18.
Pathology: 95% squamous cell; others very rare – melanoma, JJ

lymphoma, basal cell, Kaposi’s sarcoma.

WORKUP
H&P with careful palpation and exam; if deep, consider cys-JJ

tourethroscopy with biopsy; bimanual exam under anesthesia.
Labs: CBC, chemistries, BUN, Cr, LFTs including alkaline JJ

phosphatase.
Imaging: ultrasound (penis) or MRI for extent of local exten-JJ

sion; pelvic/abdominal CT for nodes; CXR for all, bone scan if 
advanced/suspicious.
Biopsy of the lesion.JJ

Needle biopsy for suspicious nodes.JJ
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TREATMENT RECOMMENDATIONS

2002 Stage Recommended treatment

CIS Circumcision, local excision, Moh’s surgery, 
topical 5-FU, Imiquimod

Early limited 
lesions (For RT 
alone, lesions 
should be T1-2, 
<4 cm size)

Options: penectomy noted to have high 
psychosocial morbidity; therefore, organ 
preservation is gaining popularity

JJ Penis preservation: circumcise first, then EBRT 
or brachytherapy alone, or chemo-RT
EBRT: 40–50 Gy to whole penile shaft ± lymph 
nodes (see surgical management below), then 
boost to primary lesion + 2 cm margin (total 
60–65 Gy)

JJ Brachytherapy alone: contraindicated if >1 cm 
invasion into corpus cavernosa or >4 cm size. 
Two methods: radioactive mold – 60 Gy to 
tumor, 50 Gy to urethra, or interstitial (IS) with 
Ir-192 to 65 Gy (treatment of choice in Europe)

JJ Chemo-RT: gaining popularity based on data 
from anal and cervical cancers
Consider prophylactic inguinal node RTJJ

JJ Surgery – from circumcision to local excision 
to radical penectomy. Recommend >1.5–2 cm 
margin. For clinically node negative, EUA 
guidelines recommend prophylactic inguinal 
node dissection for tumors T2 and over and/or 
G3. For T1G2, consider dissection depending on 
other factors (LVI status). If no node dissection, 
requires very close monitoring. Pelvic dissection if 
2+ inguinal nodes, + ECE or + nodes on imaging. 
Post-op RT for LN+ based on vulvar cancer data

More advanced 
lesions

Options:
JJ EBRT: 60 Gy in 2 Gy fractions. Chemo-RT 

preferred to RT alone based on data from other 
cancers; include pelvic and bilateral inguinal 
nodes; consider LND for bulky nodes

JJ Surgery: save for salvage; partial to radical 
penectomy; consider prophylactic inguinal 
node dissection with tumors extending onto 
shaft of penis/poorly differentiated; if node 
positive, need inguinal and pelvic LND; post-op 
RT for LN+ based on vulvar cancer data

JJ Investigational: neoadjuvant chemo to render 
unresectable disease resectable; chemo (various 
regimens) for +LN or metastatic disease
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STUDIES
There are no randomized trials for primary penile cancers.JJ

Selected results for early penile cancer treated with EBRT.JJ

Grabstald and Kelley (JJ 1980) report of 10 patients with stage 
I–II treated with EBRT; at 6–10-year follow-up, LC 90%, DFS 
90%, and OS 90%.
McLean et al. (JJ 1993): 26 patients with stages I–II treated with 
“radical” EBRT, range 35–50 Gy, most 50 Gy in 20 fx with 
cobalt-60; median follow-up 9.7 years; 5-year OS 62% (for 
N0–79%, for N+12%), 5-year CSS 69%, 5-year DFS 50%.

Selected results for early penile cancer treated with JJ

brachytherapy.
Crook et al. (JJ 2005): 49 patients with T1 (51%), T2 (33%), and 
T3 (8%) penile SCC treated with Ir-192 to 55–65 Gy; median 
follow-up 33 months; 5-year OS 78%, 5-year CSS 90%, 5-year 
FFS 64%, 5-year LF 15%, 5-year penile preservation rate 
86.5%, 5-year soft tissue necrosis rate 16%, and urethral 
stenosis rate 12%.
Updated results Crook et al. (JJ 2008): 67 patients treated with 
Ir-192 to 55–65 Gy; median follow-up 48 months; 10-year 
OS 59%, 5 and 10-year CSS 83.6%, 5-FFLF 87.3%, and 
10-FFLF 72.3%. Penile preservation rate at 5 years is 88%, 
at 10 years 67.3%; necrosis rate 12%, meatal stenosis 9%.
Mazeron et al. (JJ 1984): 50 patients with T1–T3 treated with 
Ir-192 to median dose 65 (60–70 Gy); LC-78%, penis conser-
vation 74%.

Selected series with all stages of penile cancer.JJ

Krieg et al. (JJ 1981): 17 patients with stage I–IV treated with 
surgery ± LND and 12 patients with stages I–III treated with 
EBRT alone (dose 50–65 Gy, no prophylactic node RT); LC 
88% with surgery, 75% with RT alone, and 92% with surgical 
salvage; 88% (8/9) of patients not treated prophylactically 
to groin did not develop pelvic/inguinal node recurrence; 
2 patients developed stricture, 1 developed penile necrosis 
(66 Gy).
Sarin et al. (JJ 1997): 101 patients with stages I–IV, median age 
64 years, treated with primary EBRT (59), brachytherapy 
(13), penectomy (29); median follow-up 5.2 years; 5/10-year 
OS 56.5/39%, 5/10-year CSS 66/57%; 5/10-year LC 60/55%; 
no difference between surgery and RT in LC after salvage; 
note: 2 attempted suicides after penectomy, 1 successful.
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RADIATION TECHNIQUES
SIMULATION AND FIELD DESIGN

EBRTJJ

Simulate patient supine; apply foley catheter and suspend JJ

penis; surround penis by tissue bolus for MV RT. If treating 
inguinal nodes, pt is treated in the frog-leg position. If treat-
ing pelvic nodes, may secure penis cranially into pelvic field
VolumesJJ

GTV: palpable/visible disease (physical exam, CT, MRI)JJ

CTV:JJ

(a)  GTV + whole shaft of penis
(b)  ±superficial and deep inguinal nodes
(c)  ±pelvic nodes (internal + external iliacs, obturator nodes)
PTV: depends on technique, 1 cm appropriateJJ

Dose: 45–50 Gy in 1.8–2 Gy fx to CTV, then conedown boost JJ

to GTV of 10–20 Gy for total 65–70 Gy
If treating inguinal nodes, techniques may be used to protect JJ

the femoral heads
Plesiobrachytherapy/moldsJJ

Penis is placed into a cylinder loaded with Ir-192 sources; pt JJ

wears mold for calculated amount of time; target dose 60 Gy, 
urethra dose 50 Gy; requires very compliant patient

Interstitial brachytherapy:JJ

Implant requires general or spinal anesthesia, takes JJ

30–45 min
Catheterize to assist urethra identification to avoid transfix-JJ

ing with needles/catheters; patients remain catheterized for 
duration of treatment
May use rigid steel needles held in predrilled parallel acrylic JJ

templates or parallel flexible nylon catheters, placed 1–1.5 cm 
apart
HDR with afterloaded Ir-192JJ

Patients wear supporting Styrofoam collar around penis, JJ

may need mild analgesia with per OS meds, DVT prophy-
laxis if stay in bed

DOSE LIMITATIONS
Doses >60 Gy increase risk of urethral stenosis and fibrosisJJ

Sterilization occurs with 2–3 GyJJ

For pelvic fields, limit bladder JJ £75 Gy and rectum £70 Gy
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COMPLICATIONS
Dermatitis, dysuria, urethral stricture (10–40%), urethral fis-JJ

tula, impotence (10–20%), late skin telangiectasia (nearly uni-
versal), penile fibrosis, penile necrosis (3–15%, higher with IS), 
small bowel obstruction (rare).

FOLLOW-UP
Need close follow-up, especially if no prophylactic nodal treat-JJ

ment in cN0 patients.
H&P every 1–2 months for 1 year, every 3 months for second JJ

year, every 6 months for third to fifth years, then annually.
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Chapter 28

Testicular Cancer

Brian Missett and Alexander R. Gottschalk

PEARLS
Spermatogenesis: spermatogonia JJ → spermatocytes → sperma-
tids → spermatozoa. Takes ~2 months in adult men.
LN drainage.JJ

L testicle: testicular vein JJ → L renal vein → paraaortic LN.
R testicle: testicular vein JJ → IVC below level of renal vein → 
paracaval and aortocaval nodes.
Prior inguinal surgery may disrupt drainage and redirect JJ

through iliac nodes.
JJ Pathology: >95% are germ cell tumors (GCTs) = seminomas and 
nonseminomatous germ cell tumors (NSGCTs).
Sixty percent of tumors are mixed and 40% are pure (semi-JJ

noma most common pure).
Seminoma is the most common single histology, but together JJ

NSGCTs are more common.
Seminoma subtypes: classic (>90% of cases, stains + for PLAP) JJ

and spermatocytic (older age, cured by orchiectomy, rarely 
metastasizes, stains negative for PLAP). Anaplastic no longer 
considered a subtype.
NSGCTs subtypes: embryonal carcinoma (most common JJ

NSGCT), yolk sac tumor (elevated AFP, Schiller Duval bodies), 
choriocarcinoma (elevated b-hCG, rarest pure GCT), teratoma, 
and mixed GCTs.
Other tumors: Sertoli cell tumors (produce estrogen, present JJ

with gynecomastia); Leydig cell tumors (produce androgens 
and estrogen, present with early puberty, gynecomastia); lym-
phoma; embryonal rhabdomyosarcoma.
Risk factors: undescended testicle, first-born, pre/perinatal JJ

estrogen exposure, polyvinyl chloride exposure, advanced 
maternal age, Down’s syndrome, Klinefelter’s syndrome 
(47XXY), CIS, HIV/AIDS.
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WORKUP
H&P, bilateral testicular ultrasound, JJ b-hCG, AFP, LDH, CBC, 
chemistries, fertility assessment ± sperm banking, CXR, CT 
abdomen and pelvis, CT chest if ³ stage II
Repeat tumor markers if elevated preoperativelyJJ

JJ b-hCG half-life is 24–36 h; AFP half-life is 3.5–6 days
JJ b-hCG is rarely elevated in seminoma. If AFP elevated, not 

pure seminoma
Bone scan and/or MRI brain if clinically indicatedJJ

STAGING (AJCC 7Th Ed., 2010): TESTICULAR CANCER

The definition of TNM and the stage grouping for this chapter have JJ

not changed from the AJCC 6th Ed., 2002.
Primary tumor (T)*
The extent of primary tumor is usually classified after radical orchiectomy, and for this reason, 
a pathologic stage is assigned
pTX: Primary tumor cannot be assessed
pT0: No evidence of primary tumor (e.g., histologic scar in testis)
pTis: Intratubular germ cell neoplasia (carcinoma in situ)
pT1:  Tumor limited to the testis and epididymis without vascular/lymphatic invasion; tumor 

may invade into the tunica albuginea, but not the tunica vaginalis
pT2:  Tumor limited to the testis and epididymis with vascular/lymphatic invasion, or tumor 

extending through the tunica albuginea with involvement of the tunica vaginalis
pT3:  Tumor invades the spermatic cord with or without vascular/lymphatic invasion
pT4:  Tumor invades the scrotum with or without vascular/lymphatic invasion

*Note: Except for pTis and pT4, extent of primary tumor is classified by radical orchiectomy. 
TX may be used for other categories in the absence of radical orchiectomy.

Regional lymph nodes (N)
Clinical
NX:  Regional lymph nodes cannot be assessed
N0:  No regional lymph node metastasis
N1:  Metastasis with a lymph node mass 2 cm or less in greatest dimension; or multiple 

lymph nodes, not more than 2 cm in greatest dimension
N2:  Metastasis with a lymph node mass more than 2 cm, but not more than 5 cm in greatest 

dimension; or multiple lymph nodes, any one mass greater than 2 cm, but not more 
than 5 cm in greatest dimension

N3:  Metastasis with a lymph node mass more than 5 cm in greatest dimension

Pathologic (pN)
pNX:  Regional lymph nodes cannot be assessed
pN0:  No regional lymph node metastasis
pN1:  Metastasis with a lymph node mass 2 cm or less in greatest dimension and less than or 

equal to five nodes positive, not more than 2 cm in greatest dimension
pN2:  Metastasis with a lymph node mass more than 2 cm, but not more than 5 cm in 

greatest dimension; or more than five nodes positive, not more than 5 cm; or evidence 
of extranodal extension of tumor

pN3:  Metastasis with a lymph node mass more than 5 cm in greatest dimension

distant metastasis (M)
M0:  No distant metastasis
M1:  Distant metastasis
  M1a:  Nonregional nodal or pulmonary metastasis
  M1b:  Distant metastasis other than nonregional lymph nodes and lung

continued
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Anatomic stage/prognostic groups
Group

0:
I:
IA:
IB:

IS:

II:
IIA:

IIB:

IIC:

III:
IIIA:

IIIB:

IIIC:

T

pTis
pT1–4
pT1
pT2
pT3
pT4
Any pT/Tx

Any pT/Tx
Any pT/Tx
Any pT/Tx
Any pT/Tx
Any pT/Tx
Any pT/Tx
Any pT/Tx
Any pT/Tx
Any pT/Tx
Any pT/Tx
Any pT/Tx
Any pT/Tx
Any pT/Tx
Any pT/Tx
Any pT/Tx

N

N0
N0
N0
N0
N0
N0
N0

N1–3
N1
N1
N2
N2
N3
N3
Any N
Any N
Any N
N1–3
Any N
N1–3
Any N
Any N

M

M0
M0
M0
M0
M0
M0
M0

M0
M0
M0
M0
M0
M0
M0
M1
M1a
M1a
M0
M1a
M0
M1a
M1b

S (serum tumor markers)

S0
SX
S0
S0
S0
S0
S1–3 (measured post 
orchiectomy)
SX
S0
S1
S0
S1
S0
S1
SX
S0
S1
S2
S2
S3
S3
Any S

Used with the permission from the American Joint Committee on Cancer (AJCC), Chicago, 
IL. The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010), published by Springer Science+Business Media.

Royal Marsden staging
System
I: Limited to testis
IIA: Nodes <2 cm
IIB: Nodes 2–5 cm
IIC: Nodes 5–10 cm
IID: Nodes >10 cm
III =  Nodes above and below diaphragm
IV = Extralymphatic mets

~10-Year survival (seminoma)
I: RFS 96–98%, CSS 99–100%
IIA: RFS 92%, CSS 96–100%
IIB: RFS 86%, CSS 96–100%
IIC: RFS 70%, OS 90% (RT alone)
IID:  RFS 50% (RT alone), 90% (chemo)
IIIA/B: OS 90%
IIIC: OS 80%

TREATMENT RECOMMENdATIONS FOR SEMINOMA

Stage Recommended treatment

All patients Radical inguinal orchiectomy with high JJ

ligation of spermatic cord

I Seminoma Post resection: surveillance (relapse rate JJ

16%) or RT (20 Gy to paraaortic ± pelvic 
LN), or carboplatinum × 1–2 cycles

IIA/IIB Seminoma RT 20 Gy to pelvic and paraaortic LN JJ

with boost to gross disease (30 Gy for 
IIA, 36 Gy for IIB). Consider etoposide, 
cisplatin (EP) chemo × 4c for select IIB 
patients

continued
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IIC/D and III Seminoma Chemo (etoposide, cisplatinum, ± bleomy-JJ

cin): EP × 4c or BEP × 3c

NSGCT IA: open nerve-sparing retroperitoneal LN JJ

dissection (nsRPLND) or surveillance in 
compliant patients
IB: open nsRPLND or BEP chemo × 2c or JJ

surveillance if T2 and compliant pt
IS: EP chemo × 4c or BEP chemo × 3cJJ

IIA: if markers negative, open nsRPLND JJ

or EP chemo × 4c or BEP chemo × 3c. If 
persistent tumor marker elevation, chemo
IIB: if markers negative, open nsRPLND JJ

or EP chemo × 4c or BEP chemo × 
3c. If persistent tumor marker elevation 
or multifocal LN mets with aberrant 
drainage, chemo
IIC/IIIA: primary chemo. RT for brain JJ

metastases

STUdIES
SURvEILLANCE

Warde et al. (JJ 2002): 638 patients with stage I seminoma fol-
lowed with surveillance with 7-year follow-up. Increased relapse 
with tumors >4 cm, LVSI, and rete testis involvement. Relapses: 
0 risk factors = 12%, 1 risk factor = 16%, 2 risk factors = 30%. 
Prior study showed age <34 years also increased risk of failure

RT FIELd ANd dOSE FOR STAGE I
MRC (Fossa et al. JJ 1999): 478 patients with stage I seminoma 
randomized to dogleg vs. paraaortic RT. No difference in 3-year 
RFS/OS with dogleg (97/96%) vs. paraaortic (99/100%). Three-
year pelvic RFS was 100% with dogleg vs. 98% with paraaortic. 
Paraaortic had decreased nausea and vomiting, lower 
azospermia (11 vs. 35%), and more rapid recovery of sperm 
count. Two percent pelvic relapse in PA-only arm.
MRC (Jones et al. JJ 2005): 625 patients with stage I seminoma 
randomized to 20 vs. 30 Gy RT in 2 Gy fx. RT was paraaortic 
(with dogleg for patients with prior inguinal surgery). Five-year 
RFS was not different (97% 30 Gy, 96.4% 20 Gy). 20 Gy arm 
had decreased lethargy and inability to carry out normal work 
1 month after treatment.
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ChEMO FOR STAGE I
MRC/EORTC (Oliver et al. JJ 2005): 1,447 patients with stage I 
seminoma randomized to carboplatin × 1c vs. RT. RT was 
20–30 Gy (87% PA, 13% dogleg). Median follow-up 4 years. 
3-year RFS = RT 95.9%, carboplatin 94.8%. Relapse sites: car-
boplatin = 74% PA, 0% pelvic vs. RT = 9% PA, 28% pelvic. Carbo-
platin patients took less time off from work compared to RT. 
Update (Oliver et al. 2008): no difference in 5-year RFS (95% 
chemo, 96% RT), fewer new GCTs with chemo (2 patients vs. 15 
with RT).

SECONd CANCER RISK
Travis et al. (JJ 2005): review of >40,000 men with testicular can-
cer in 14 population registries in Europe and North America. 
For patients diagnosed by age 35 years, cumulative risk of sec-
ond solid cancer 40 years later (i.e., to age 75 years) was 36% 
for seminoma and 31% for nonseminoma compared with 23% 
for the general population. Increased relative risk of solid can-
cers was noted for RT (RR = 2.0), chemotherapy alone (RR = 1.8), 
and both (RR = 2.9).

RESIdUAL MASS
Puc et al. (JJ 1996): 104 patients with stage IIC, III, or extrago-
nadal primary who underwent surgery and had CR or PR of 
tumor markers. If a radiographic mass was <3 cm, only 3% of 
patients had pathologic evidence of failures. For masses >3 cm, 
27% of patients had evidence of failure.
De Santis et al. (JJ 2004): 51 patients with seminoma treated with 
chemo with residual masses. Compared pathologic predictive 
value of PET and CT. PET PPV 100% and NPV 96% for viable 
tumor. CT (£3 vs. >3 cm) PPV 37% and NPV 97%.

RAdIATION TEChNIQUES
SIMULATION ANd FIELd dESIGN

Prior to simulation, fertility assessment ± sperm bankJJ

Simulate supineJJ

Need IVP or CT to block out kidneys and rule out horseshoe JJ

kidney
Place clamshell on uninvolved testicle. Position penis out of fieldJJ

Borders: PA = T10/T11 superiorly to L5/S1 inferiorly. Dogleg, JJ



492 Handbook of EvidEncE-basEd Radiation oncology

inferior border is top of obturator foramen. Lateral = tips of 
transverse processes of lumbar vertebra or 2 cm margin on all 
nodes (about 10–12 cm wide). For left-sided tumors, widen 
field to include left renal hilar nodes
If prior inguinal surgery, treat contralateral inguinal and iliac JJ

regions (Figs. 28.1 and 28.2)

dOSE PRESCRIPTIONS
20 Gy at 2.0 Gy/fx. Alternatively, 25.5 Gy at 1.5 Gy/fxJJ

Boost IIA nodes to 30 Gy and IIB nodes to 36 GyJJ

Fig. 28.1 DRR of a dogleg field used to treat a stage IIB seminoma
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dOSE LIMITATIONS
50 cGy causes transient azospermia with recovery at 1 year, but JJ

only 50% of patients reach their baseline
80–100 cGy causes total azospermia with recovery 1–2 years JJ

later for some patients
200 cGy causes sterilizationJJ

Clamshell reduces testicle dose by 2–3× (dogleg without shield JJ

~4 cGy/fx, with shield ~1.5 cGy/fx; paraaortic without shield 
~2 cGy/fx, with shield ~0.7 cGy/fx)
Kidneys: limit at least 70% <20 GyJJ

Fig. 28.2 DRR of a paraaortic field used to treat a stage I seminoma
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COMPLICATIONS
Acute nausea, vomiting, diarrheaJJ

Late small bowel obstruction, chronic diarrhea, peptic ulcer JJ

disease (<2% with <35 Gy)
With testicular shielding, most patients will have oligospermia JJ

by 4 months that lasts ~1 year
Infertility: 50% of patients have subfertile counts on presenta-JJ

tion or after surgery. After RT, 30% able to have children
BEP causes immediate azospermia, but >50% recover sperm JJ

count
Chemo side effects = alopecia, nausea, myelosuppression, pul-JJ

monary fibrosis, ototoxicity
Second cancers: 5–10% increased risk vs. general population JJ

after RT

FOLLOW-UP
See NCCN Guidelines (JJ www.nccn.org)
After RT for stage I seminomaJJ

H&P, labs (AFP, JJ b-HCG, LDH), and CXR every 3–4 months 
for year 1, every 6 months for year 2, then annually. Pelvic 
CT annually for 3 years for patients treated with PA-only RT 
(not needed if PA and pelvic RT)

Stage I surveillanceJJ

H&P, labs every 3–4 months for years 1–3, every 6 months JJ

for years 4–7, then annually. CT abdomen and pelvis at each 
visit. CXR at alternate visits up to 10 years

PET/CT can predict viable tumor in postchemotherapy residual JJ

disease.
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Chapter 29

Cervical Cancer

R. Scott Bermudez, Kim Huang, and I-Chow Hsu

PEARLS
Leading cause of cancer mortality in women in developing JJ

countries and third most common gynecological cancer in the 
US.
Screening with Pap smear decreases mortality by 70%, account-JJ

ing for the steady decline in incidence in developed nations.
ACS recommends screening for all women who are sexually JJ

active or >20 years old. Following three normal annual exams 
after age 30, screening may be performed less frequently, at 
least once every 3 years.
Fifty percent of newly diagnosed cancers occur in women who JJ

have never been screened.
Risk factors: early first intercourse, multiple partners, history JJ

of other STD’s, high parity, smoking, immunosuppression, and 
prenatal DES exposure (clear cell CA).
Ninety to ninety-five percent of cases are associated with HPV JJ

infection.
HPV types 16 and 18 confer the highest risk of SCC and ade-JJ

nocarcinoma, respectively. HPV 6 and 11 are associated with 
benign warts.
In 2006, the FDA approved the quadrivalent HPV recombinant JJ

vaccine for prevention of cancers caused by HPV types 6, 11, 
16, and 18 for women aged 9–26 years.
Eighty to ninety percent of invasive tumors are SCC, 10–20% JJ

are adenocarcinoma, and 1–2% are clear cell.
SCC originates in the squamocolumnar junction with invasive JJ

disease frequently associated with adjacent CIS.
Preinvasive disease: atypical squamous cells of uncertain  JJ

significance (ASCUS), low-grade squamous intraepithelial 
lesion (LGSIL), and high-grade squamous intraepithelial lesion 
(HGSIL).
ASCUS: 2/3 resolve spontaneously. Repeat Pap in 6 months JJ

and, if abnormal, perform colposcopy.
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LGSIL = Mild dysplasia/CIN 1. Half resolve spontaneously. JJ

Repeat Pap in 6 months and, if abnormal, perform colposcopy.
HGSIL = Severe dysplasia / CIN 2/3/CIS. One-third resolve JJ

spontaneously. All undergo colposcopy with biopsy.
The mean age of women diagnosed with cervical intraepithelial JJ

neoplasia (CIN) is 15–20 years younger than those diagnosed 
with invasive disease.
Prognostic factors include LN metastases, tumor size, stage, JJ

uterine extension, and Hgb level <10.
Risk of pelvic LN involvement for stage I, II, and III disease is JJ

approximately 15%, 30%, and 45%, respectively.
Most common site for metastases are pelvic lymph nodes followed JJ

by lungs and paraaortic nodes.

WORKUP
H&P including gynecologic history, abnormal vaginal bleeding JJ

or discharge, and pelvic pain. Examine abdomen, nodes (SCV, 
groins). Perform pelvic EUA, including bimanual palpation, 
jointly with a Gynecologic Oncologist.
Pap smear if not bleeding.JJ

Colposcopy with 15× magnification, cold conization if no gross JJ

lesion noted and cannot visualize entire lesion with colposcope. 
Alternatively, four quadrant punch biopsies or D&C for 
pathology.
Cystoscopy, sigmoidoscopy, and/or barium enema for IIB, III, JJ

or IVA disease, or for symptoms.
Laboratories: CBC, LFTs, chemistries, BUN/Cr, urinalysis.JJ

Imaging: CT/MRI of abdomen and pelvis and CXR. Consider JJ

lymphangiogram and IVP (if no CT).
PET scans are sensitive (~85–90%) and specific (~95–100%).JJ

If stage IIIB, place renal stent prior to starting chemo.JJ

Note: FIGO clinical staging does not allow CT, MRI, bone scan, JJ

PET, lymphangiography, or laparotomy.



501cHaptER 29: cERvical cancER

VIII

F
IG

O
/A

JC
C

 C
lin

ic
al

 S
ta

gi
ng

T
X

: 
P

ri
m

ar
y 

tu
m

or
 c

an
n

ot
 b

e 
as

se
ss

ed
T

0:
 

N
o 

ev
id

en
ce

 o
f 

p
ri

m
ar

y 
tu

m
or

0/
Ti

s:
 C

ar
ci

n
om

a 
in

 s
it

u
*

I/
T

1:
 

 C
er

vi
ca

l 
ca

rc
in

om
a 

co
n

fi
n

ed
 t

o 
u

te
ru

s 
(e

xt
en

si
on

 t
o 

co
rp

u
s 

sh
ou

ld
 

b
e 

d
is

re
ga

rd
ed

)
IA

/T
1a

**
: 

 In
va

si
ve

 c
ar

ci
n

om
a 

d
ia

gn
os

ed
 o

n
ly

 b
y 

m
ic

ro
sc

op
y.

 S
tr

om
al

 
in

va
si

on
 w

it
h

 a
 m

ax
im

u
m

 d
ep

th
 o

f 
5.

0 
m

m
 m

ea
su

re
d

 f
ro

m
 

th
e 

b
as

e 
of

 t
h

e 
ep

it
h

el
iu

m
 a

n
d

 a
 h

or
iz

on
ta

l s
p

re
ad

 o
f 

7.
0 

m
m

 
or

 l
es

s.
 V

as
cu

la
r 

sp
ac

e 
in

vo
lv

em
en

t,
 v

en
ou

s 
or

 l
ym

p
h

at
ic

, 
d

oe
s 

n
ot

 a
ff

ec
t 

cl
as

si
fi

ca
ti

on
IA

1/
T

1a
1:

 
 M

ea
su

re
d

 s
tr

om
al

 i
n

va
si

on
 3

 m
m

 o
r 

le
ss

 i
n

 d
ep

th
 a

n
d

 7
 m

m
 

or
 l

es
s 

in
 h

or
iz

on
ta

l 
sp

re
ad

IA
2/

T
1a

2:
 

 M
ea

su
re

d
 s

tr
om

al
 i

n
va

si
on

 m
or

e 
th

an
 3

 m
m

 a
n

d
 n

ot
 m

or
e 

th
an

 5
.0

 m
m

 w
it

h
 a

 h
or

iz
on

ta
l 

sp
re

ad
 7

 m
m

 o
r 

le
ss

IB
/T

1b
: 

 C
li

n
ic

al
ly

 v
is

ib
le

 le
si

on
 c

on
fi

n
ed

 t
o 

th
e 

ce
rv

ix
 o

r 
m

ic
ro

sc
op

ic
 

le
si

on
 g

re
at

er
 t

h
an

 I
A

2 
/ T

1a
IB

1/
T

1b
1:

 
 C

li
n

ic
al

ly
 v

is
ib

le
 l

es
io

n
 4

.0
 c

m
 o

r 
le

ss
 i

n
 g

re
at

es
t 

d
im

en
si

on
IB

2/
T

1b
2:

 
 C

li
n

ic
al

ly
 

vi
si

b
le

 
le

si
on

 
m

or
e 

th
an

 
4.

0 
cm

 
in

 
gr

ea
te

st
 

di
m

en
si

on
II

/T
2:

  
 C

er
vi

ca
l 

ca
rc

in
om

a 
in

va
d

es
 b

ey
on

d
 u

te
ru

s,
 b

u
t 

n
ot

 t
o 

p
el

vi
c 

w
al

l 
or

 l
ow

er
 t

h
ir

d
 o

f 
va

gi
n

a
II

A
/T

2a
: 

Tu
m

or
 w

it
h

ou
t 

p
ar

am
et

ri
al

 i
n

va
si

on
II

B
/T

2b
: 

Tu
m

or
 w

it
h

 p
ar

am
et

ri
al

 i
n

va
si

on
II

IA
/T

3a
: 

 Tu
m

or
 i

n
vo

lv
es

 l
ow

er
 t

h
ir

d
 o

f 
va

gi
n

a,
 n

o 
ex

te
n

si
on

 t
o 

p
el

vi
c 

w
al

l
II

IB
/T

3b
: 

 Tu
m

or
 e

xt
en

d
s 

to
 p

el
vi

c 
w

al
l 

an
d

/o
r 

ca
u

se
s 

h
yd

ro
n

ep
h

ro
si

s 
or

 n
on

fu
n

ct
io

n
in

g 
ki

d
n

ey

S
T

A
G

IN
G

: C
E

R
V

IC
A

L
 C

A
N

C
E

R

(A
JC

C
 6

T
h

 E
d

., 
20

02
/F

IG
O

 1
98

8)

E
di

to
rs

’ n
ot

e:
 A

ll 
T

N
M

 s
ta

ge
 a

n
d 

st
ag

e 
gr

ou
ps

 r
ef

er
re

d 
to

 e
ls

ew
h

er
e 

in
 t

h
is

 c
h

ap
te

r 
re

fle
ct

 t
h

e 
19

88
 F

IG
O

/2
00

2 
A

JC
C

 s
ta

gi
n

g 
n

om
en

cl
at

u
re

 u
n

le
ss

 o
th

er
w

is
e 

n
ot

ed
 a

s 
th

e 
n

ew
 s

ys
te

m
 b

el
ow

 w
as

 p
u

bl
is

h
ed

 a
ft

er
 t

h
is

 c
h

ap
te

r 
w

as
 w

ri
tt

en
.

(A
JC

C
 7

T
h

 E
d

., 
20

10
/F

IG
O

 2
00

8)
 

P
ri

m
ar

y 
tu

m
o

r 
(T

)
T

N
M

C
at

eg
or

ie
s

T
X

T
0

Ti
s*

T
1

T
1a

**

T
1a

1

T
1a

2

T
1b

T
1b

1

T
1b

2

F
IG

O
S

ta
ge

s

I IA IA
1

IA
2

IB IB
1

IB
2

P
ri

m
ar

y 
tu

m
or

 c
an

n
ot

 b
e 

as
se

ss
ed

N
o 

ev
id

en
ce

 o
f 

p
ri

m
ar

y 
tu

m
or

C
ar

ci
n

om
a 

in
 s

it
u

 (
pr

ei
n

va
si

ve
 c

ar
ci

n
om

a)
C

er
vi

ca
l 

ca
rc

in
om

a 
co

n
fi

n
ed

 
to

 
u

te
ru

s 
(e

xt
en

si
on

 
to

 
co

rp
u

s 
sh

ou
ld

 
b

e 
d

is
re

-
ga

rd
ed

)
In

va
si

ve
 

ca
rc

in
om

a 
d

ia
gn

os
ed

 
on

ly
 

b
y 

m
ic

ro
sc

op
y.

 
S

tr
om

al
 

in
va

si
on

 
w

it
h

 
a 

m
ax

im
u

m
 

d
ep

th
 

of
 

5.
0 

m
m

 
m

ea
su

re
d

 
fr

om
 t

h
e 

b
as

e 
of

 t
h

e 
ep

it
h

el
iu

m
 a

n
d

 a
 

h
or

iz
on

ta
l 

sp
re

ad
 

of
 

7.
0 

m
m

 
or

 
le

ss
. 

V
as

cu
la

r 
sp

ac
e 

in
vo

lv
em

en
t,

 v
en

ou
s 

or
 

ly
m

p
h

at
ic

, d
oe

s 
n

ot
 a

ff
ec

t 
cl

as
si

fi
ca

ti
on

M
ea

su
re

d 
st

ro
m

al
 i

n
va

si
on

 3
.0

 m
m

 o
r 

le
ss

 
in

 d
ep

th
 a

n
d 

7.
0 

m
m

 o
r 

le
ss

 i
n

 h
or

iz
on

ta
l 

sp
re

ad
M

ea
su

re
d

 
st

ro
m

al
 

in
va

si
on

 
m

or
e 

th
an

 
3.

0 
m

m
 a

n
d

 n
ot

 m
or

e 
th

an
 5

.0
 m

m
 w

it
h

 
a 

h
or

iz
on

ta
l 

sp
re

ad
 7

.0
 m

m
 o

r 
le

ss
C

li
n

ic
al

ly
 v

is
ib

le
 l

es
io

n
 c

on
fi

n
ed

 t
o 

th
e 

ce
rv

ix
 o

r 
m

ic
ro

sc
op

ic
 l

es
io

n
 g

re
at

er
 t

h
an

 
T

1a
/I

A
2

C
li

n
ic

al
ly

 v
is

ib
le

 l
es

io
n

 4
.0

 c
m

 o
r 

le
ss

 i
n

 
gr

ea
te

st
 d

im
en

si
on

C
li

n
ic

al
ly

 v
is

ib
le

 le
si

on
 m

or
e 

th
an

 4
.0

 c
m

 
in

 g
re

at
es

t 
d

im
en

si
on

co
nt

in
ue

d



502 Handbook of EvidEncE-basEd Radiation oncology
IV

A
/T

4:
 

 Tu
m

or
 

in
va

d
es

 
m

u
co

sa
 

of
 

b
la

d
d

er
, 

re
ct

u
m

, 
an

d
/o

r 
ex

te
n

d
s 

b
ey

on
d

 t
ru

e 
p

el
vi

s 
(b

u
ll

ou
s 

ed
em

a 
is

 n
ot

 s
u

ff
ic

ie
n

t 
to

 c
la

ss
if

y 
a 

tu
m

or
 a

s 
T

4)
N

X
: 

R
eg

io
n

al
 l

ym
p

h
 n

od
es

 c
an

n
ot

 b
e 

as
se

ss
ed

N
0:

 
N

o 
re

gi
on

al
 l

ym
p

h
 n

od
e 

m
et

as
ta

si
s

N
1:

 
R

eg
io

n
al

 p
el

vi
c 

ly
m

p
h

 n
od

e 
m

et
as

ta
si

s
M

X
: 

D
is

ta
n

t 
m

et
as

ta
si

s 
ca

n
n

ot
 b

e 
as

se
ss

ed
M

0:
 

N
o 

d
is

ta
n

t 
m

et
as

ta
si

s
IV

B
/M

1:
  D

is
ta

n
t 

m
et

as
ta

si
s 

(i
n

cl
u

d
in

g 
p

ar
aa

ot
ic

 
an

d
 

in
gu

in
al

 
n

od
al

 
m

et
as

ta
se

s)

*B
et

h
es

d
a 

or
 W

H
O

 s
ys

te
m

 i
s 

u
se

d
 t

o 
fu

rt
h

er
 c

la
ss

if
y

**
A

ll
 m

ac
ro

sc
op

ic
al

ly
 v

is
ib

le
 l

es
io

n
s 

– 
ev

en
 w

it
h

 s
u

p
er

fi
ci

al
 i

n
va

si
on

 –
 a

re
 

T
1b

/I
B

A
JC

C
 s

ta
ge

0:
 

Ti
sN

0M
0

I:
 

T
1N

0M
0

IA
: 

T
1a

N
0M

0
IA

1:
 

T
1a

1N
0M

0
IA

2:
 

T
1a

2N
0M

0
IB

: 
T

1b
N

0M
0

IB
1:

 
T

1b
1N

0M
0

IB
2:

 
T

1b
2N

0M
0

II
: 

T
2N

0M
0

II
A

: 
T

2a
N

0M
0

II
B

: 
T

2b
N

0M
0

II
I:

 
T

3N
0M

0
II

IA
: 

T
3a

N
0M

0
II

IB
: 

 T
3b

 
an

y 
N

M
0,

 
T

1-
T

3a
N

1M
0

IV
A

: 
T

4 
an

y 
N

M
0

IV
B

: 
 A

n
y 

T
 a

n
y 

N
 M

1

~L
C

IA
: 

95
–1

00
%

IB
1:

 
90

–9
5%

IB
2:

 
60

–8
0%

II
A

: 
80

–8
5%

II
B

: 
60

–8
0%

II
IA

: 
60

%
II

IB
: 

50
–6

0%
IV

A
: 

30
%

~S
ur

vi
va

l
IA

: 
95

–1
00

%
IB

1:
 

85
–9

0%
IB

2:
 

60
–7

0%
II

A
: 

75
%

II
B

: 
60

–6
5%

II
IA

: 
25

–5
0%

II
IB

: 
25

–5
0%

IV
A

: 
15

–3
0%

IV
B

: 
<

10
%

co
nt

in
ue

d

T
2

T
2a

T
2a

1

T
2a

2

T
2b

T
3

T
3a

T
3b

T
4

II II
A

II
A

1

II
A

2

II
B

II
I

II
IA

II
IB

IV
A

C
er

vi
ca

l 
ca

rc
in

o
m

a 
in

va
d

es
 

b
ey

o
n

d
 

u
te

ru
s,

 b
u

t 
n

ot
 t

o 
p

el
vi

c 
w

al
l 

or
 t

o 
lo

w
er

 
th

ir
d

 o
f 

va
gi

n
a

Tu
m

or
 w

it
h

ou
t 

p
ar

am
et

ri
al

 i
n

va
 si

on
C

li
n

ic
al

ly
 v

is
ib

le
 l

es
io

n
 4

.0
 c

m
 o

r 
le

ss
 i

n
 

gr
ea

te
st

 d
im

en
si

on
C

li
n

ic
al

ly
 v

is
ib

le
 le

si
on

 m
or

e 
th

an
 4

.0
 c

m
 

in
 g

re
at

es
t 

d
im

en
si

on
Tu

m
or

 w
it

h
 p

ar
am

et
ri

al
 i

n
va

si
on

Tu
m

or
 

ex
te

n
d

s 
to

 
p

el
vi

c 
w

al
l 

an
d

/o
r 

in
vo

lv
es

 
lo

w
er

 
th

ir
d

 
of

 
va

gi
n

a,
 

an
d

/o
r 

ca
u

se
s 

h
yd

ro
n

ep
h

ro
si

s 
or

 n
on

fu
n

ct
io

n
in

g 
ki

d
n

ey
Tu

m
or

 i
n

vo
lv

es
 l

ow
er

 t
h

ir
d

 o
f 

va
gi

n
a,

 n
o 

ex
te

n
si

on
 t

o 
p

el
vi

c 
w

al
l

Tu
m

or
 e

xt
en

ds
 to

 p
el

vi
c 

w
al

l a
n

d/
or

 c
au

se
s 

h
yd

ro
n

ep
h

ro
si

s 
or

 n
on

fu
n

ct
io

n
in

g 
ki

dn
ey

Tu
m

or
 

in
va

d
es

 
m

u
co

sa
 

of
 

b
la

d
d

er
 

or
 

re
ct

u
m

, 
an

d
/o

r 
ex

te
n

d
s 

b
ey

on
d

 
tr

u
e 

p
el

vi
s 

(b
u

ll
ou

s 
ed

em
a 

is
 n

ot
 s

u
ff

ic
ie

n
t 

to
 

cl
as

si
fy

 a
 t

u
m

or
 a

s 
T

4)

*N
ot

e:
 F

IG
O

 n
o 

lo
n

ge
r 

in
cl

u
d

es
 S

ta
ge

 0
 (

Ti
s)

.
**

N
ot

e:
 A

ll 
m

ac
ro

sc
op

ic
al

ly
 v

is
ib

le
 l

es
io

ns
 –

 e
ve

n 
w

it
h 

su
pe

rf
ic

ia
l 

in
va

si
on

 –
 

ar
e 

T
1b

/I
B

.

R
eg

io
na

l l
ym

ph
 n

o
de

s 
(N

)
T

N
M

C
at

eg
or

ie
s

N
X

N
0

N
1

F
IG

O
S

ta
ge

s

II
IB

R
eg

io
n

al
 l

ym
p

h
 n

od
es

 c
an

n
ot

 b
e 

as
se

ss
ed

N
o 

re
gi

on
al

 l
ym

p
h

 n
od

e 
m

et
as

ta
si

s
R

eg
io

n
al

 l
ym

p
h

 n
od

e 
m

et
as

ta
si

s



503cHaptER 29: cERvical cancER

VIII

d
is

ta
nt

 m
et

as
ta

si
s 

(M
)

T
N

M
 

C
at

eg
or

ie
s

F
IG

O
 

st
ag

es

M
0

M
1

IV
B

N
o 

d
is

ta
n

t 
m

et
as

ta
si

s
D

is
ta

n
t 

m
et

as
ta

si
s 

(i
n

cl
u

d
in

g 
p

er
it

on
ea

l 
sp

re
ad

, 
in

vo
lv

em
en

t 
of

 
su

p
ra

cl
av

ic
u

la
r,

 
m

ed
ia

st
in

al
, 

or
 

p
ar

aa
or

ti
c 

ly
m

p
h

 
n

od
es

, 
lu

n
g,

 l
iv

er
, o

r 
bo

n
e)

A
na

to
m

ic
 s

ta
ge

/p
ro

gn
o

st
ic

 g
ro

up
s 

(F
IG

O
 2

00
8)

0*
: 

Ti
s 

N
0 

M
0

I:
 

T
1 

N
0 

M
0

IA
: 

T
1a

 N
0 

M
0

IA
1:

 
T

1a
1 

N
0 

M
0

IA
2:

 
T

1a
2 

N
0 

M
0

IB
: 

T
1b

 N
0 

M
0

IB
1:

 
T

1b
1 

N
0 

M
0

IB
2:

 
T

1b
2 

N
0 

M
0

II
: 

T
2 

N
0 

M
0

II
A

: 
T

2a
 N

0 
M

0
II

A
1:

 
T

2a
1 

N
0 

M
0

II
A

2:
 

T
2a

2 
N

0 
M

0
II

B
: 

T
2b

 N
0 

M
0

II
I:

 
T

3 
N

0 
M

0
II

IA
: 

T
3a

 N
0 

M
0

II
IB

: 
T

3b
 A

n
y 

N
 M

0
 

T
1-

3 
N

1 
M

0
IV

A
: 

T
4 

A
n

y 
N

 M
0

IV
B

: 
A

n
y 

T
 A

n
y 

N
 M

1
*N

ot
e:

 F
IG

O
 n

o 
lo

n
ge

r 
in

cl
u

d
es

 S
ta

ge
 0

 (
Ti

s)

U
se

d
 w

it
h

 t
h

e 
p

er
m

is
si

on
 f

ro
m

 t
h

e 
A

m
er

ic
an

 J
oi

n
t 

C
om

m
it

te
e 

on
 C

an
ce

r 
(A

JC
C

),
 C

h
ic

ag
o,

 I
L

. 
T

h
e 

or
ig

in
al

 s
ou

rc
e 

fo
r 

th
is

 m
at

er
ia

l 
is

 t
h

e 
A

JC
C

 
C

an
ce

r 
S

ta
gi

n
g 

M
an

u
al

, 
S

ev
en

th
 E

d
it

io
n

 (
20

10
),

 p
u

b
li

sh
ed

 b
y 

S
p

ri
n

ge
r 

S
ci

en
ce

+
B

u
si

n
es

s 
M

ed
ia

.



504 Handbook of EvidEncE-basEd Radiation oncology

SUMMARy OF STAGING ChANGES
Stage IIA is subdivided into stage IIA1 and IIA2 based on size (JJ £4 vs. 
>4 cm).
Microinvasive and invasive adenocarcinoma should be staged as JJ

squamous cell carcinoma of the cervix.
The use of diagnostic imaging techniques to assess the size of the pri-JJ

mary tumor is encouraged, but not mandatory.
For those institutions with access to MRI/CT scanning, radiological JJ

tumor volume and parametrial invasion should be recorded and sent to 
the FIGO Annual Report Editorial Office for data entry and inclusion 
in the Annual Report. Other investigations (i.e., examination under 
anesthesia, cystoscopy, sigmoidoscopy, and intravenous pyelography) 
are optional and no longer mandatory.

~LOCAL CONTROL ANd SURVIVAL by STAGE
~LC
IA: 95–100%
IB1: 90–95%
IB2: 60–80%
IIA: 80–85%
IIB: 60–80%
IIIA: 60%
IIIB: 50–60%
IVA: 30%

~Survival
IA: 95–100%
IB1: 85–90%
IB2: 60–70%
IIA: 75%
IIB: 60–65%
IIIA: 25–50%
IIIB: 25–50%
IVA: 15–30%
IVB: <10%

TREATMENT RECOMMENdATIONS

SURGICAL TEChNIqUES
Class I: total abdominal hysterectomy (extrafascial). Removal JJ

of cervix, small rim of vaginal cuff, and outside of the puboce-
rvical fascia.
Class II: modified radical hysterectomy (extended). Unroofing JJ

of ureters to resect parametrial and paracervical tissue medial 
to ureters (cardinal and uterosacral ligaments) and vaginal cuff 
(1–2 cm).
Class III: radical abdominal hysterectomy (Wertheim-Meigs). JJ

Mobilization of ureters, bladder, and rectum to remove param-
etrial tissue to pelvic sidewall and vaginal cuff (upper 1/3–1/2), 
and lymphadenectomy.
Class IV: extended radical hysterectomy. Removal of superior JJ

vesicular artery, part of ureter and bladder, and more vaginal 
cuff.
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INdICATIONS FOR POST-OP RT/ChEMO-RT.

Post-op pelvic RT: LVSI, >1/3 stromal invasion, or >4 cm tumor.JJ

Post-op chemo-RT: +margin, +LN, or parametrial or greater JJ

extension.

2002 Stage Recommended treatment

Preinvasive Conization or loop electrosurgical excisional proce-JJ

dure (LEEP) or laser or cryotherapy ablation or sim-
ple hysterectomy

IA Total abdominal hysterectomy or trachelectomy or JJ

large cone biopsy with negative margins and close 
follow-up (if fertility preservation desired). Radical 
hysterectomy preferred for IA2 lesions
OR
Brachytherapy alone (LDR 65–75 Gy or HDR JJ

7 Gy × 5–6 fx). If high-risk pathologic features, treat 
as IB

IB1 Radical hysterectomy with pelvic LN dissectionJJ

OR
Definitive RT: EBRT to WP (45 Gy) and brachyther-JJ

apy (HDR 6 Gy × 5 fx, 7 Gy × 4 fx or LDR 15–20 Gy × 2 
fx)

IB2–IIA Concurrent chemo-RT with cisplatin. WP RT (45 Gy). JJ

Brachytherapy = HDR 6 Gy × 5 fx, 7 Gy × 4 fx or LDR 
15–20 Gy × 2 fx

IIB Concurrent chemo-RT with cisplatin. WP RT (45–JJ

50.4 Gy). Brachytherapy = HDR 6 Gy × 5 fx, 7 Gy × 4 fx 
or LDR 15–20 Gy × 2 fx

IIIA Concurrent chemo-RT with cisplatin. RT to WP, JJ

vagina, and inguinal LN (45 Gy-50.4 Gy). 
Brachytherapy = HDR 6 Gy × 5 fx, 7 Gy × 4 fx or LDR 
17–20 Gy × 2 fx

IIIB–IVA Concurrent chemo-RT with cisplatin. WP RT (50–JJ

54 Gy). Brachytherapy = HDR 6 Gy × 5, 7 Gy × 4 fx or 
LDR 20 Gy × 2. If LN+, add paraaortic LN IMRT 
(45–60 Gy)

IVB Combination chemotherapyJJ
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STUdIES
SURGERy VS. RAdIATION

Landoni et al. (JJ 1997): 343 patients with IB–IIA randomized to RT 
vs. surgery ± RT. Surgery was radical hysterectomy + pelvic LND 
with optional adjuvant RT to 50.4 Gy for stage > IIA, <3 mm unin-
volved cervix, +margin or LN+. Fourty-five Gy given to + PAN. 
Sixty-three percent of patients in surgery arm received adjuvant 
RT, including 83% with tumors >4 cm. RT alone arm was 47 Gy 
EBRT + LDR 76 Gy point A dose. No significant differences in 
5-year OS (83%), DFS (74%), or  recurrence (25%). Morbidity 
worse with surgery ± RT arm vs. RT alone arm (28 vs. 12%).

ExTENdEd-FIELd RT (EFRT)
JJ RTOG 79-20 (Rotman et al., 1995, 2006): 337 patients with IIB 
without clinical or radiographically involved PAN randomized 
to WP 45 Gy or EFRT 45 Gy. EFRT improved 10-year OS (55 vs. 
44%), but no difference on LRC (65%) or DM (25–30%). Toxicity 
increased with EFRT (8 vs. 4%).

ChEMO-RT
JJ RTOG 90-01 (Morris et al., 1999; Eifel et al., 2004): 386 patients 
with surgically staged IIB–IVA, IB–IIA ³ 5 cm, or LN + random-
ized to EFRT + brachytherapy (total 85 Gy point A dose) or to 
WP RT + brachytherapy (total 85 Gy point A dose) + cisplatin/5FU. 
Chemo-RT improved 8-year OS (67 vs. 41%), DFS (61 vs. 46%), 
and decreased LRF (18 vs. 35%) and DM (20 vs. 35%). Chemo-RT 
had a nonsignificant increase in PAN failures (8 vs. 4).

JJ GOG 120 (Rose et al., 1999, 2007): 526 patients with IIB–IVA 
(surgically staged -PAN) randomized to WP + LDR brachytherapy 
(total 81 Gy point A dose) + 3 different chemo regimens: weekly 
cisplatin vs. cisplatin/5FU/hydroxyurea vs. hydroxyurea alone. 
Cisplatin arms decreased stage IIB and III 10-year LR (21–22 vs. 
34%) and improved PFS (43–46 vs. 26%), OS (53 vs. 34%). No 
difference in grade 3–4 late toxicities among three regimens.

JJ NCIC (Pearcey et al., 2002): 353 patients with IA, IIA >5 cm, or 
IIB randomized to WP45 Gy + LDR 35 Gy ×1 or HDR 8 Gy ×3 
vs. same RT + weekly cisplatin 40 mg/m2 x6c. No difference in 
5-year OS (62 vs. 58%).

JJ GOG 123 (Stehman et al., 2007; Keys et al., 1999): 369 patients 
with IB2 randomized to WP + LDR RT (total 75 Gy to point A) 
followed by adjuvant simple hysterectomy vs. same RT + con-
current weekly cisplatin (40 mg/m2) × 6c followed by same sur-
gery. Chemo-RT improved 5-year PFS (71 vs. 60%) and OS (78 
vs. 64%), without increasing serious late adverse effects.
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JJ GOG 165 (Lanciano et al., 2005): 316 patients with IIB, IIIB, 
and IVA randomized to WP 45 Gy + parametrial boost + IC 
brachytherapy with standard weekly cisplatin (40 mg/m2) vs. 
same RT with six cycles protracted venous infusion (PVI) 5-FU. 
Study closed prematurely when planned interim analysis dem-
onstrated a 35% higher distant failure rate with RT + PVI 5-FU.

AdJUVANT hySTERECTOMy AFTER RT
JJ GOG 71 (Keys, 1997, 2003): 282 patients with >4 cm tumors 
randomized to EBRT + brachytherapy (80 Gy point A dose) vs. 
same RT (except 75 Gy point A dose) followed by adjuvant hys-
terectomy. No difference in OS (61 vs. 64%), but trend for 
higher LR without surgery (26 vs. 14%, p = 0.08).

POST-OP RT

JJ GOG 92 / RTOG 87-06 (Rotman et al., 2006; Sedlis et al., 1999): 
277 patients with bulky IB treated with radical hysterectomy with 
negative margins and LNs, but with ³2 risk factors (LVSI, >1/3 
stromal invasion, or ³4 cm tumors) randomized to observation vs. 
post-op WP RT (46–50.4 Gy). Post-op RT reduced local and  distant 
recurrences (31→18%), and improved PFS (65 → 78%).

POST-OP ChEMO-RT

JJ GOG 109/SWOG 8797 (Peters et al., 2000): 243 patients s/p radical 
hysterectomy with IA2, IB, IIA, and  + LN or + margin or + parame-
tria randomized to WP RT (49.3 Gy with 45 Gy to PAN if common 
iliac LN+) vs. WP RT + cisplatin/5FU every 3 weeks × 4c. Post-op 
chemo-RT improved 4-year PFS (80 vs. 63%) and OS (81 vs. 71%). 
Re-analysis demonstrated that chemo-RT decreased LR by 50% 
and DM by 30%. Approximately 20% OS benefit from chemo for 
tumors >2 cm and patients with ³2 + LN.

RAdIATION TEChNIqUES
EbRT SIMULATION ANd FIELd dESIGN

Place two radiopaque gold seed markers in cervix and at JJ

distal margin of any vaginal disease. Use vaginal and anal 
markers as needed.
There is no standard pelvic EBRT field. Blocking should be JJ

based on 3D imaging when treating with four field or AP/PA 
technique.
Simulate patient supine with CT planning. Borders: supe-JJ

rior = L4/5; inferior = 3 cm below most inferior vaginal involve-
ment as marked by gold seeds (often at inferior obturator 
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foramen); lateral = 2 cm lateral to pelvic brim; posterior = include 
entire sacrum; anterior = 1 cm anterior to pubic symphysis.
Treat inguinal nodes if stage IIIA (lower 1/3 vagina). Inferior JJ

border is vaginal introitus or flash.
If common iliac nodes involved, raise superior border to allow JJ

for at least a 4 cm margin (~L3/4 level).
EFRT for paraaortic nodes: superior border = T12/L1, JJ

 lateral = encompass tips of transverse processes. Block kidneys 
as determined by CT planning. Use IMRT to minimize dose to 
kidneys and small bowel.
When used, midline block is to avoid excess dose adjacent to the JJ

implant and to deliver higher dose to potential tumor bearing 
regions outside the implant. Midline block reduces dose to blad-
der and rectum, but may underdose sacrum. Since T&O has 100% 
dose through point A, which is ~2 cm from midline, a 4 cm mid-
line block would be at the 100% IDL. Superior border of midline 
block = midsacroiliac joint. If concerned about toxicity, use a wider 
midline block (6 cm, ~50% IDL), or if concerned about tumor 
dose, use a narrower block. Midline blocks narrower than 5 cm 
may include the ureters which are ~2–2.5 cm from midline.
At some institutions, it is preferred to deliver higher EBRT JJ

doses with a midline block for advanced lesions. After 45 Gy to 
the WP, the superior border may be lowered to the midsacroil-
iac joint and EBRT continued to 50 Gy. At 50 Gy, the superior 
border is further lowered to the bottom of the sacroiliac joint 
and treated to 54 Gy. If parametrial tumor persists after 
50–54 Gy, it may boost parametria to 60 Gy.
If bulky Unresectable LN+, use 3DCRT or IMRT boost to 60 Gy JJ

to involved nodes.

bRAChyThERAPy
If possible, proceed when tumor <4 cm (so point A dose  covers) JJ

without prolonging overall treatment time.
Unless greater shrinkage is needed, first intracavitary insertion JJ

is after 10–20 Gy EBRT. Second application is 1–2 weeks later. 
Smitt sleeve may be left in cervical canal between insertions.
If small lesion and narrow vagina, treat first with IC RT before JJ

EBRT causes vaginal narrowing.
If large lesion and narrow vagina, use EBRT first to shrink the JJ

tumor.
If superficial vaginal involvement, use a combination of a T&O JJ

applicator alternating with a tandem and vaginal cylinder appli-
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cator (with packing to spare rectum or bladder). Alternatively, 
use two tandem and vaginal cylinder insertions.
For deep or thicker vaginal involvement, use IS brachytherapy.JJ

Use gauze packing imbedded with radiopaque wire to push JJ

bladder and rectum away. Always Use Triple-Sulfate soaked 
gauze for LDR and K-Y Jelly for HDR.
LDR is generally Cs-137 at 0.4–0.8 Gy/h. 0.4–0.6 Gy/h may have JJ

less complications then 0.8– Gy/h.
HDR is generally an Ir-192 high activity (~10 Ci) source with JJ

dose rate ~12 Gy/h.
ICRU system: report applicator type, source type, loading, and JJ

orthogonal radiographs. Use reference air-kerma strength,  volume 
treated to 60 Gy.
Prescribe to point A = 2 cm superior to external cervical OS (or JJ

vaginal fornices) and 2 cm lateral to central canal / tandem. Point 
A dose is very sensitive to ovoid position relative to the tandem.
Point B = 3 cm lateral to point A, represents parametrial (obtu-JJ

rator nodes). Receives ~1/3–1/4 of dose to point A.
Bladder point = posterior surface of foley balloon on lateral JJ

X-ray and center of balloon on AP film. Foley balloon filled 
with 7 cm3 radiopaque fluid and pulled down against urethra.
Rectal point = 5 mm behind posterior vaginal wall between JJ

ovoids at inferior point of last intrauterine tandem source, or 
midvaginal source.
Vaginal point = lateral edge of ovoid on AP film and midovoid JJ

on lateral film.
Tandem placement: use a looping suture through the cervix for JJ

countertraction. Hegar uterine dilators are used to dilate the os to 
6 mm. Tandem length is usually 6–8 cm (4 cm for postmenopausal 
women). For tandems >8 cm, avoid loading/active source at end to 
protect small bowel. Tandem should be located centrally between 
the ovoids on the AP view and bisect the ovoids on the lateral view.
Typical tandem loading with Cs-137 = 30–40 mgRaEq with three JJ

10–15 mgRaEq sources (e.g., 15-15-10 cephalad to caudad).
Ovoids: cervix should be marked with 2 gold seeds (usually at JJ

12 and 6 o’clock). Use largest ovoids possible separated by 
0.5–1 cm. Standard ovoid loadings = 10–15 mgRaEq for 2 cm 
(small) ovoids, 15–20 mgRaEq for 2.5 cm (medium) ovoids, or 
5–10 mgRaEq for miniovoids.
Pack anteriorly and posteriorly to spare the bladder and rectum.JJ

Take plain films in the OR so that system may be repositioned JJ

and/or repacked if suboptimal.
Implant evaluation:JJ
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Anterior film: tandem bisects ovoids and tandem not rotated; JJ

phlange close to cervical marker seeds; ovoids high in  fornices 
<1 cm from marker seeds with 0.5–1 cm spacing between them.
Lateral film: tandem bisects ovoids and is midway between JJ

sacrum and bladder, at least 3 cm from sacral promontory; 
sufficient anterior and posterior packing; foley balloon firmly 
pulled down.

With optimally placed system, LDR dose rate at point A is JJ

~45–55 cGy/h.
Attempt to keep overall treatment time <7 weeks; prolongation JJ

of treatment time increases failure rate by 0.6%/d in IB–IIA and 
by 0.9%/d in IIB.
Image-guided brachytherapy requires modification of dwell JJ

time based on 3D images.  Treatment delivery is accomplished 
by HDR and PDR remote afterloaders. Recommendations 
regarding 3D MRI/CT image-guided brachytherapy treatment 
planning have been published by the GEC-ESTRO Working 
Group (Pötter et al., 2006; Haie-Meder et al., 2005).

dOSE PRESCRIPTIONS
EBRT: 1.8 Gy/fx. Whole pelvis = 45 Gy. Side wall boost = 50–54 Gy. JJ

Persistent or bulky parametrial tumor = 60 Gy. Paraaortic LN 
(if treated) = 45 Gy. Bulky LN = 60 Gy
BrachytherapyJJ

LDR = 15–20 Gy × 2 fxJJ

HDR = 6 Gy × 5 fx or 7 Gy × 4 fxJJ

Desired cumulative dosesJJ

Point A: IA = 65–75 Gy, IB1–IIB 75–85 Gy, III–IVA 85–90 GyJJ

Sidewall dose: IB–IIA = 45–50 Gy, IIB = 45–54 Gy, III–IVA =  JJ

54–60 Gy

dOSE LIMITATIONS
HDR: limit bladder and rectal points to <70% of point A dose JJ

with HDR.
LDR: limit rectal point <70 Gy and bladder point <75 Gy.JJ

Limit upper vaginal mucosa <120 Gy, midvaginal mucosa  JJ

<80–90 Gy, and lower vaginal mucosa <60–70 Gy. Vaginal doses 
>50–60 Gy cause significant fibrosis and stenosis.
Ovarian failure with 5–10 Gy and sterilization with 2–3 Gy.JJ

Limit uterus <100 Gy, ureters <75 Gy, and femoral heads <50 Gy.JJ
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COMPLICATIONS
Acute: pruritis, dry/moist desquamation, nausea, colitis, cysti-JJ

tis, and vaginitis.
HDR and LDR morbidity are equivalent: uterine perforation JJ

(<3%), vaginal laceration (<1%), DVT (<1%).
Late: vaginal stenosis, ureteral stricture (1–3%), vesicovaginal JJ

or rectovaginal fistula (<2%), intestinal obstruction or perfora-
tion (<5%), femoral neck fracture (<5%).
Recommend vaginal dilation as needed to maintain vaginal JJ

vault size and sexual function.
Standard post-op complications. Surgical mortality 1%.JJ

FOLLOW-UP
H&P every month for 3 months, then every 3 months for 9 JJ

months, then every 4 months for 1 year, then every 6 months 
for 2 years, then annually.
Follow-up Pap smears controversial due to post-RT change.JJ

CXR annually × 5 years.JJ
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Chapter 30

Endometrial Cancer

R. Scott Bermudez, Kim Huang, and I-Chow Hsu

PEARLS
Most common gynecological cancer in the U.S; fourth most com-JJ

mon malignancy in women after breast, lung, and colorectal.
Risk factors: unopposed estrogen, postmenopausal (median JJ

age at diagnosis is 61 years), nulliparity, early menarche, late 
menopause, obesity, tamoxifen (7.5×), oral contraceptives use.
Grade is determined by percentage of dedifferentiated solid JJ

growth pattern: Grade 1: £5%, Grade 2: 5–50%, Grade 3: >50%.
Seventy-five percent of tumors are endometrioid endometrial JJ

adenocarcinomas, which are estrogen-dependent tumors that 
commonly present with postmenopausal bleeding and are 
 frequently preceded by endometrial hyperplasia.
Rate of progression to invasive cancer from simple hyperplasia JJ

is rare (<2%) with progression to carcinoma in patients with 
simple and complex hyperplasia with atypia being more 
 common (30–40%).
Twenty percent of endometrial carcinomas are nonendometrioid JJ

including papillary serous (UPSC), clear cell, and mucinous.
Papillary serous and clear cell carcinomas are often diagnosed JJ

with more advanced disease and have a poorer prognosis.
Up to 5% of uterine cancers are sarcomas, including carcino-JJ

sarcoma (most common), leiomyosarcoma, and endometrial 
stromal sarcomas.
Prognostic factors = stage (#1), cell type, grade, LVSI, depth of JJ

invasion, cervical extension, and patient age.
Primary lymphatic drainage is to pelvic LN (internal and exter-JJ

nal iliac, obturator, common iliac, presacral, parametrial); 
direct spread may occur to paraaortic LN.
~1/3 of patients with + pelvic LN have + paraaortic LN.JJ

WORKUP
H&P with attention to uterine size, cervical and vaginal involve-JJ

ment, ascites, nodes.
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Labs: CBC, blood chemistries, LFTs, CA-125 (elevated in JJ

60%), UA.
Endometrial biopsy is diagnostic gold standard with >90% sensi-JJ

tivity and 85% specificity, thereby largely obviating need for D&C.
D&C if endometrial biopsy is nondiagnostic.JJ

Pap smear has limited sensitivity (as low as 40%).JJ

Imaging: CXR, CT, or MRI of abdomen and pelvis or transvagi-JJ

nal ultrasound to evaluate symptomatic disease.
Cystoscopy and/or sigmoidoscopy as clinically indicated.JJ

STAGING (AJCC 6Th Ed., 2002/FIGO 1988 PAThOLOGIC STAGING): 
ENdOmETRIAL CANCER

TX:  Primary tumor cannot be assessed
T0:  No evidence of primary tumor
Tis/0: Carcinoma in situ
T1/I:  Tumor confined to corpus uteri
T1a/IA: Tumor limited to endometrium
T1b/IB: Tumor invades less than one-half of the myometrium
T1c/IC: Tumor invades one-half or more of the myometrium
T2/II:  Tumor invades cervix, but does not extend beyond uterus
T2a/IIA:  Tumor limited to glandular epithelium of endocervix. There is no evidence of 

connective tissue stromal invasion
T2b/IIB:  Invasion of the stromal connective tissue of the cervix
T3/III:  Local and/or regional spread as defined below
T3a/IIIA:  Tumor involves serosa and/or adnexa (direct extension or metastasis) and/or 

cancer cells in ascites or peritoneal washings
T3b/IIIB:  Vaginal involvement (direct extension or metastasis)
T4/IVA:  Tumor invades bladder mucosa and/or bowel mucosa (bullous edema not sufficient 

to classify tumor as T4)
NX:  Regional lymph nodes cannot be assessed
N0:  No regional lymph node metastasis
N1/IIIC:  Regional lymph node metastasis to pelvic and/or paraaortic nodes
MX:  Distant metastasis cannot be assessed
M0:  No distant metastasis
M1/IVB:  Distant metastasis (includes metastasis to abdominal lymph nodes other than 

paraaortic, and/or inguinal lymph nodes; excludes metastasis to vagina, pelvic 
serosa, or adnexa)

A small number of patients may be treated with primary radiation. Such patients should 
be staged with the clinical staging system adopted by FIGO in 1971 (Int J Gynaecol Obstet 
1971;9:172)

Used with the permission from the American Joint Committee on Cancer (AJCC), Chicago, IL. 
The original source for this material is the AJCC Cancer Staging Manual, Sixth Edition (2002) 
published by Springer Science+Business Media.

STAGING (AJCC 7Th Ed., 2010/FIGO 2008)

Editors’ note: All TNM stage and stage groups referred to elsewhere in this 
chapter reflect the 1988 FIGO/2002 AJCC staging nomenclature unless 
otherwise noted as the new system below was published after this chapter 
was written.
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SUmmARy OF ChANGES
The FIGO 1988 Stage IA and IB have been combined, so that JJ

Stage IA now involves the endometrium and/or less than one-
half myometrial invasion, and IB is now equal to or greater 
than the outer one-half of the myometrium (previously IC).
Stage II no longer has a subset A and B. Involvement of the JJ

endocervical glandular portion of the cervix (previously IIA) 
is now considered stage I. Previous stage IIB is now simply 
stage II.
Stage IIIC pelvic and paraaortic node involvement have been JJ

separated, rather than combined in a single substage. As a 
result, stage IIIC is now categorized as IIIC1 (indicating posi-
tive pelvic nodes) and IIIC2 (indicating positive paraaortic 
nodes with or without positive pelvic nodes).
A separate staging schema for uterine sarcoma has been added.JJ

UTERINE CARCINOmAS

Primary tumor (T) (surgical-pathologic findings)

TNM 
categories

FIGO 
stages

TX
T0
Tis*
T1
T1a

T1b
T2

T3a

T3b

T4

I
IA

IB
II

IIIA

IIIB

IVA

Primary tumor cannot be assessed
No evidence of primary tumor
Carcinoma in situ (preinvasive carcinoma)
Tumor confined to corpus uteri
Tumor limited to endometrium or invades less than one-half of the 

myometrium
Tumor invades one-half or more of the myome trium
Tumor invades stromal connective tissue of the cervix, but does not 

extend beyond uterus**
Tumor involves serosa and/or adnexa (direct extension or 

metastasis)
Vaginal involvement (direct extension or metastasis) or parametrial 

involvement
Tumor invades bladder mucosa and/or bowel mucosa (bullous edema is 

not sufficient to classify a tumor as T4)

*Note: FIGO no longer includes Stage 0 (Tis).
**Endocervical glandular involvement only should be considered Stage I and not Stage II.

Regional lymph nodes (N)

TNM  
categories

FIGO 
stages

NX
N0
N1
N2

IIIC1
IIIC2

Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Regional lymph node metastasis to pelvic lymph nodes
Regional lymph node metastasis to paraaortic lymph nodes, with or 

without positive pelvic lymph nodes

continued
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distant metastasis (m)
TNM 
Categories

FIGO 
Stages

M0
M1 IVB

No distant metastasis
Distant metastasis (includes metastasis to inguinal lymph nodes 
intraperitoneal disease, or lung, liver, or bone. Excludes metastasis to 
paraaortic lymph nodes, vagina, pelvic serosa, or adnexa)

Anatomic stage/prognostic groups
Carcinomas*
0**: Tis N0 M0
I: T1 N0 M0
IA: T1a N0 M0
IB: T1b N0 M0
II: T2 N0 M0
III: T3 N0 M0
IIIA: T3a N0 M0
IIIB: T3b N0 M0
IIIC1: T1-T3 N1 M0
IIIC2: T1-T3 N2 M0
IVA: T4 Any N M0
IVB: Any T Any N M1

*Carcinosarcomas should be staged as carcinoma.
**Note: FIGO no longer includes Stage 0 (Tis).

Used with permission from the American Joint Committee on Cancer (AJCC), Chicago, IL. The 
original source for this material is the AJCC Cancer Staging Manual, Seventh Edition (2010), 
published by Springer Science+Business Media.

LEIOmyOSARCOmA, ENdOmETRIAL STROmAL SARCOmA
Primary tumor (T)

TNM 
Categories

FIGO 
Stages

TX
T0

Primary tumor cannot be assessed
No evidence of primary tumor

T1
T1a
T1b
T2
T2a
T2b
T3
T3a
T3b
T4

I
IA
IB
II
IIA
IIB
III*
IIIA
IIIB
IVA

Tumor limited to the uterus
Tumor 5 cm or less in greatest dimension
Tumor more than 5 cm
Tumor extends beyond the uterus, within the pelvis
Tumor involves adnexa
Tumor involves other pelvic tissues
Tumor infiltrates abdominal tissues
One site
More than one site
Tumor invades bladder or rectum

Note: Simultaneous tumors of the uterine corpus and ovary/pelvis in association with ovarian/
pelvic endometriosis should be classified as independent primary tumors.
*Lesions must infiltrate abdominal tissues and not just protrude into the abdominal cavity.

Regional lymph nodes (N)

TNM  
Categories 

FIGO 
Stages

NX
N0
N1 IIIC

Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Regional lymph node metastasis

continued
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distant metastasis (m)

TNM  
Categories 

FIGO 
stages

M0
M1 IVB

No distant metastasis
Distant metastasis (excluding adnexa, pelvic, and abdominal 
tissues)

Used with permission from the American Joint Committee on Cancer (AJCC), Chicago, IL. The 
original source for this material is the AJCC Cancer Staging Manual, Seventh Edition (2010), 
published by Springer Science+Business Media.

AdENOSARCOmA
Primary tumor (T)

TNM  
Categories

FIGO  
stages

TX
T0
T1
T1a
T1b
T1c

I
IA
IB
IC

Primary tumor cannot be assessed
No evidence of primary tumor
Tumor limited to the uterus
Tumor limited to the endometrium/endocervix
Tumor invades to less than half of the myometrium
Tumor invades more than half of the myomet rium

T2
T2a
T2b
T3
T3a
T3b
T4

II
IIA
IIB
III*
IIIA
IIIB
IVA

Tumor extends beyond the uterus, within the pelvis
Tumor involves adnexa
Tumor involves other pelvic tissues
Tumor involves abdominal tissues
One site
More than one site
Tumor invades bladder or rectum

Note: Simultaneous tumors of the uterine corpus and ovary/pelvis in association with ovarian/
pelvic endometriosis should be classified as independent primary tumors.
*In this stage lesions must infiltrate abdominal tissues and not just protrude into the 
abdominal cavity

Regional lymph nodes (N)

TNM 
Categories

FIGO 
stages

NX
N0
N1 IIIC

Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Regional lymph node metastasis

Distant metastasis (M)

TNM 
Categories 

FIGO 
stages

M0
M1 IVB

No distant metastasis
Distant metastasis (excluding adnexa, pelvic and abdominal 
tissues)

Used with permission from the American Joint Committee on Cancer (AJCC), Chicago, IL. The 
original source for this material is the AJCC Cancer Staging Manual, Seventh Edition (2010), 
published by Springer Science+Business Media.
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UTERINE SARCOmA
Anatomic stage/prognostic groups
I: T1 N0 M0
IA*: T1a N0 M0
IB*: T1b N0 M0
IC**: T1c N0 M0
II: T2 N0 M0
IIIA: T3a N0 M0
IIIB: T3b N0 M0
IIIC: T1, T2, T3 N1 M0
IVA: T4 Any N M0
IVB: Any T Any N M1

*Note: Stages IA and IB differ from those applied for leiomyosarcoma and endometrial 
stromal sarcoma.
**Note: Stage IC does not apply for leiomyosarcoma and endometrial stromal sarcoma.

Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, IL. 
The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010) published by Springer Science+Business Media.

TREATmENT RECOmmENdATIONS

2002 Stage Recommended treatment

All patients All medically operable patients should have surgery. JJ

Perform TAH/BSO or radical hysterectomy if cervical 
stromal involvement and obtain peritoneal cytology. 
Generally, exploratory laparotomy with inspection and 
palpation ± biopsy of the omentum, liver, peritoneal 
surfaces, and adnexae is performed. Consider selective 
pelvic and paraaortic LN dissection for myometrial 
invasion or if grade 2–3, and include nodes from 
paraaortic, common iliac, external iliac, internal iliac, 
and obturator chains. Adjuvant treatment as below:

IA, IB Observation, or if grade 2–3 and adverse features JJ

present (age >60 years, LVSI, large tumor size, lower 
uterine involvement), pelvic RT and/or vaginal cuff 
brachytherapy (VC)

IC Observation, or if other adverse features present JJ

(grade 2–3, advanced age >50–70 years, LVSI, large 
tumor size, lower uterine segment involvement) pel-
vic RT and/or vaginal cuff brachytherapy (VC). 
Consider chemotherapy for grade 3

IIA, IIB Consider pelvic RT ±VC. Consider chemotherapy JJ

for grade 3

IIIA Positive cytology only: Observation for grade 1–2, JJ

 chemotherapy for grade 3. Consider pelvic RT and/
or VC. All other IIIA: Chemotherapy and/or tumor-
directed RT

continued
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Stage III-IV Surgery JJ → chemotherapy and/or tumor-directed RT

Medically  
inoperable

Tumor-directed EBRT to uterus, cervix, upper vagina, JJ

pelvic LN, and other involved areas (~45–50.4 Gy), 
followed by intracavitary brachytherapy boost (e.g., 
6 Gy × 3 HDR to uterine serosal surface). Consider 
dose-escalation to gross disease using image-guided 
brachytherapy or IMRT with CT or MRI planning

Recur rence If no prior RT JJ → EBRT and IC or IS brachytherapy 
boost to total dose 60–70 Gy. Consider IS salvage 
brachytherapy for select previously irradiated 
patients

Papillary 
serous/clear 
cell

Surgery. For stage IA, consider chemotherapy and/JJ

or tumor-directed RT. For stage IB, IC, II, and deb-
ulked stage III-IV, give chemotherapy ± tumor-
directed RT.

Sarcomas, 
carcino-
sarcoma 
[malignant 
mixed meso-
dermal 
(Mullerian) 
tumor]

Surgery. Post-op RT for high-grade sarcomas, JJ

leiomyo sarcomas, and carcinosarcomas to improve 
LC. Pelvic RT ± VC for stages I–II and tumor-directed 
RT for stages III–IV. Consider chemotherapy for high-
grade undifferentiated sarcoma and leiomyosarcoma

STUdIES
LymPhAdENECTOmy

JJ MRC ASTEC (2009): 1,408 women thought preoperatively to 
have corpus confined disease randomized to surgery (TAH/
BSO/washings/PALN palpation) ± lymphadenectomy. With 
adjustment for baseline characteristics and pathology, lymph-
adenectomy provided no significant OS or RFS.

AdJUvANT RAdIOThERAPy
JJ GOG 99 (Keys et al. 2004): Three hundred and ninety-two 
patients with IB (60%), IC (30%), and occult II (10%) treated 
with TAH/BSO, pelvic and PALN sampling, and peritoneal cytol-
ogy with 6-year F/U. Patients randomized to observation vs. 
post-op WP RT (50.4 Gy). Two-third of patients had low–inter-
mediate risk disease and one-third of patients were high-inter-
mediate risk (G2-3, outer 1/3 involvement, and LVSI or age >50 
years + 2 factors, or age >70 years + 1 factor). WP RT improved 
LRR (12→3%), mostly among high-intermediate risk patients 
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(26→6%) compared to low–intermediate risk patients (6→2%). 
No difference in OS (86→92%), but not powered to detect OS 
change. Majority of pelvic recurrences were in the vaginal cuff.

JJ PORTEC-1 (Creutzberg et al. 2000; Scholten et al. 2005): Seven 
hundred and fourteen patients with IB G2–3 or IC G1–2 treated 
with TAH/BSO randomized to observation vs. WP RT (46 Gy). 
No LN dissection (only sampling of suspicious LN). Ninety per-
cent of patients had G1–2 and 40% were IB. WP RT decreased 
LRR (14→4%), with 75% of failures occuring in the vaginal 
vault. No difference in OS (81 vs. 85%) or DM (8 vs. 7%). Update 
with 10-year f/u and central pathology review for 80% of patients 
confirmed WP RT continued to reduce LRR (14→5%) without 
an OS benefit (66 vs. 73%), even after excluding IB grade 1 
patients. Patients with 2 or more risk factors (age ³60 years, 
grade 3, and ³50% myometrial invasion) had greatest LRR ben-
efit with RT (23→5%).

JJ ASTEC EN.5 (2009): Nine hundred and nine patients with IA/B 
grade 3, IC any grade, or I-II papillary serous or clear cell his-
tology randomized after surgery to observation or WP RT (40–
46 Gy). However, vaginal cuff brachytherapy was used in 51% 
of patients randomized to the observation arm. There was no 
difference in 5-year OS (84%) or DSS (89–90%). WP RT reduced 
isolated pelvic or vaginal recurrences (6.1→3.2%), and increased 
acute toxicity (27→57%) and late severe toxicity (3→7%).
Aalders et al. (JJ 1980): Five hundred patients with IB-IC any 
grade treated with TAH/BSO without LN sampling. Sixty-five 
percent of patients had IB G1-2 Randomized to VC vs. VC → 
WP RT. VC = LDR 60 Gy to surface. WP RT = 2/40 Gy with cen-
tral shielding at 20 Gy. Addition of WP RT decreased pelvic and 
vaginal recurrences (7→2%), but did not change OS (90%) 
because more DM in WP RT arm. On subset analysis, most 
improvement in LRR with IC G3 (20→5%). Poor prognostic 
factors = IC, G3, LVSI, age >60 years.

JJ PORTEC 2 (Nout 2008 – abstract only): Four hundred and 
twenty-seven patients with high-intermediate risk (age >60 
years and IC grade 1–2 or IB grade 3; any age and IIA grade 1–2 
or grade 3 with <50% invasion) randomized to WP RT (46 Gy) 
or VC brachytherapy (21 Gy HDR in 3 fx or 30 Gy LDR). 
Although WP RT reduced pelvic relapse (3.6→0.7%), there was 
no significant difference in 3-year VC relapse (0.9% VC vs. 2% 
WP), OS (90–91%), or RFS (89–90%). Patient-reported quality 
of life was better with VC brachytherapy.

JJ Metaanalyses (Johnson 2007; Kong et al., 2007) suggest that 
pelvic EBRT may improve DFS for high-risk patients, such as 
those with IC grade 3 disease.
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JJ SEER (Lee et al. 2006). Review of 21,249 patients with stage I 
disease treated with (19.2%) or without (80.8%) adjuvant RT. 
Adjuvant RT improved OS and RFS for IC grade 1 and IC grade 
3–4 patients, similar to results among patients who had a surgi-
cal LN examination.

ROLE OF ChEmOThERAPy
JJ GOG 122 (Randall et al. 2006): Three hundred and ninety-six 
patients with III/IV disease treated with surgery with maximal 
residual disease £2 cm randomized to WART (30 Gy + 15 Gy 
pelvic boost + 15 Gy paraaortic boost if pelvic LN+ or no sam-
pling of pelvic and paraaortic LN) vs. chemo (doxorubicin + cis-
platin every 3 weeks × 7c → cisplatin × 1c). 21% of patients had 
UPSC in each arm. Chemo improved 5-year OS (42→55%) and 
DFS (38→50%), but increased grade 3–4 hematologic, gastro-
intestinal, and cardiac toxicity.

JJ Ontario Canada group (Lupe et al. 2007): Thirty-three patients 
with III/IV disease treated with carboplatin/paclitaxel every 3 
weeks × 4c, then pelvic RT 45 Gy, then 2 more cycles chemo. PA 
RT and/or VC HDR were optional. 2-year DFS and OS 55%, 
with only 3% pelvic relapse.

JJ RTOG 9708 (Greven et al. 2006): Phase II trial of 46 patients 
with grade 2–3 disease with either >50% myometrial invasion 
and cervical stromal invasion or pelvic-confined extrauterine 
disease treated with WP RT (45 Gy) and cisplatin on days 1 and 
28. Four-year pelvic, regional, and distant recurrence rates 
were 2%, 2%, and 19%, respectively. Four-year OS and DFS 
were 85% and 81%, respectively. There were no recurrences for 
stages IC, IIA, or IIB.

JJ Italian (Maggi et al. 2006): Three hundred and forty-five patients 
with IC G3, II G3 with >50% myometrial invasion, and IIIA-IIIC 
randomized to pelvic RT 45–50 Gy vs. CAP chemo (cyclophos-
phamide/doxorubicin/cisplatin) monthly x 5c. Note 64% of the 
patient had stage III disease. No difference in 7-year OS 62% or 
PFS 56–60%. RT delayed LF (11→7%) and chemo delayed DM 
(21→16%)

JJ Japanese (Susumu et al. 2008): 385 patients with stage IC-III 
with >50% myometrial invasion treated with surgery and pel-
vic LN dissection randomized to pelvic RT (45–50 Gy) vs. CAP 
chemo (cyclophosphamide, doxorubicin, cisplatin) every 4 
weeks for 3c. Only 3% received brachytherapy. No difference in 
5-year PFS (82–84%) or OS (85–87%). On subset analysis, no 
difference for ICG1-2 <70 years (low–intermediate risk), but 
chemo improved PFS (66→84%) and OS (74→90%) for 
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 higher-risk group (ICG3 or IC >70 years or stage II or IIIA 
(+cytology)). Seven percent pelvic failures in each arm, but 
fewer vaginal recurrences in RT arm. No differences in extrapel-
vic recurrences (~15%).

JJ NSGO-EC-9501/EORTC 55991 (Hogberg 2007 – abstract only): 
Three hundred and seventy-two patients with surgical stage I, 
II, IIIA (+cytology only), or IIIC (+pelvic LN only) randomized 
to pelvic RT (³44 Gy) ± VC brachytherapy vs. chemotherapy 
before or after RT. Chemotherapy included options of doxoru-
bicin/cisplatin, carboplatin/paclitaxel, or carboplatin/pacli-
taxel/epirubicin. Most patients had 2 or more risk factors of 
grade 3, deep myometrial invasion, or DNA nondiploidy. 
Patients with serous, clear cell, or anaplastic histology were 
eligible regardless of risk factors. Addition of chemotherapy to 
RT improved 5-year PFS by 7% (75→82%).

SARCOmA
JJ EORTC 55874 (Reed et al. 2008): Two hundred and twenty-four 
women with stage I/II of all uterine sarcoma subtypes after 
TAH/BSO/washings with optional nodal sampling randomized 
to observation vs. post-op WP RT (50.4 Gy). RT reduced LRR 
(22% vs. 40%), but had no effect on OS, PFS, or DM. In subset 
analysis, WP RT increased LC for carcinosarcomas, but not 
leiomyo sracomas.

JJ GOG 150 (Wolfson et al. 2007): Two hundred and thirty-two 
patients with stage I-IV uterine carcinosarcoma £ 1 cm residual 
and/or no extraabdominal spread randomized to WART (whole 
abdomen 30 Gy/pelvis 49.8-50 Gy at 1 Gy bid or 1.5 Gy QD) vs. 
chemotherapy (cisplatin/ifosfamide/mesna × 3c). No significant 
difference in recurrence rate or survival between the two arms.

RAdIATION TEChNIQUES
SImULATION ANd FIELd dESIGN

Simulate patient supine with CT planning; administer presim-JJ

ulation enema.
WP borders: superior = L5-S1; inferior = below obturator canal JJ

and including upper 1/2–2/3 of vagina; lateral = 2 cm lateral to 
pelvic brim; posterior = split sacrum to S3; anterior = pubic 
symphysis. Consider using IMRT (Fig. 30.1)
EFRT borders: Extend superior border to top of L1 with CT JJ

planning to avoid kidneys. Recommend IMRT.
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If IMRT is used, careful attention to target delineation is neces-JJ

sary, and consider using internal target volume (ITV) or vol-
ume of vagina that is in both the empty and full bladder CT. 
Refer to RTOG CTV consensus guidelines (Small et al. 2008).

a b

c d

e f

g h

Fig. 30.1 Example pelvic nodal IMRT clinical tumor volumes on representa-
tive axial CT slices: (a) upper common iliacs, (b) midcommon iliacs and pre-
sacral area, (c) lower common iliacs and presacral area, (d) upper internal 
and external iliacs and presacral area, (e and f) internal and external iliacs,  
(g) vagina and parametrium, (h) vagina
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Vaginal brachytherapy: Place two marker seeds in vaginal cuff at JJ

both ends of hysterectomy scars. Use largest vaginal cylinder pos-
sible (2.5–3.5 cm). Target upper two-third of vaginal cuff. Consider 
CT planning. We recommend prescribing dose to vaginal surface 
because it represents the Dmax of normal tissue. However, some 
institutions prescribe to 0.5 cm, and dose and fractionation 
should be modified based on institutional their experience.
Brachytherapy for intact uterus: Use Martinez-Y applicator or JJ

combination of tandem and cylinder with interstitial catheters. 
Consider using US guidance and 3D image-guided brachyther-
apy. Use tandem with ring or ovoids for pre-op stage II.
WART = Use CT or fluoroscopy to determine 1 cm above dia-JJ

phragmatic dome. Consider using IMRT (Fig. 30.1).

dOSE PRESCRIPTIONS
Post-opJJ

WP: 1.8 Gy/fx to 45–50.4 Gy.JJ

VC boost: 6 Gy × 3 at vaginal surface (HDR) or 20 Gy at vagi-JJ

nal surface (LDR).
VC alone: 6 Gy × 5–6 or 10–10.5 Gy × 3 at vaginal surface JJ

(HDR) or 50–60 Gy at vaginal surface (LDR).
Pre-op: WP 1.8 Gy/fx to 45 Gy and T&R or T&O 6 Gy × 3 JJ

(HDR).
Vaginal extension: WP 45 Gy plus interstitial implants 6–7 Gy × 3 JJ

(HDR).
Paraaortic LN+: EFRT to 45–50 Gy, enlarged unresectable JJ

nodes should be boosted to 60 Gy. IMRT recommended. 
Consider IORT at surgery.
WART: 1.5 Gy/fx to 30 Gy to whole abdomen JJ → boost paraaor-
tic LN and WP to 45 Gy. Consider IMRT to improve target cov-
erage and marrow sparing.
Inoperable: WP 45–50 Gy and 6–7 Gy × 3 (HDR).JJ

dOSE LImITATIONS
Upper vaginal mucosa 150 Gy, midvaginal mucosa 80–90 Gy, JJ

lower vaginal mucosa 60–70 Gy.
Ovarian failure with 5–10 Gy. Sterilization with 2–3 Gy.JJ

Small bowel <45–50.4 Gy, Rectal point dose <70 Gy, bladder JJ

point <75 Gy based on 2D planning.
For WART, use blocks to restrict kidneys <15 Gy, liver block to JJ

shield R lobe of liver after 25 Gy.
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COmPLICATIONS
TAH/BSO complications – mortality (<1%), infection, wound JJ

dehiscence, fistula, bleeding
Frequency and urgency of urine and/or stoolJJ

Vaginal stenosis – use dilatorsJJ

Thrombocytopenia with WARTJJ

FOLLOW-UP
Physical exam every 3 months × 2 years, then every 6 months × 3 JJ

years, then annually. Vaginal cytology every 6 months for 2 
years, then annually. CA-125 optional. Annual chest X-ray. CT/
MRI as clinically indicated.
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Chapter 31

Ovarian Cancer

R. Scott Bermudez, James Rembert, and I-Chow Hsu

PEARLS
Fourth leading cause of cancer death in women; leading cause JJ

of gynecologic cancer death.
Average lifetime risk is 1 in 70 with median age at diagnosis of JJ

63 years.
Highly curable if diagnosed at an early stage, but 75% present JJ

with stage III or IV disease.
Early diagnosis is frequently difficult because of vague abdominal JJ

symptoms at presentation and a lack of a good screening test.
Risk factors: nulliparity, first parity >35 years, infertility, early JJ

menarche, late menopause, ovulation inducing drugs, hormone 
replacement therapy, obesity.
Strongest risk factor is a family history of ovarian cancer , yet JJ

only 5–10% of tumors result from a known genetic disposition.
Lifetime risk: general population 1.8%, one first-degree rela-JJ

tive: 5%, two first-degree relatives: 25–50%.
Consider genetic testing and/or prophylactic salpingo-oophorec-JJ

tomy for a strong family history.
Familial syndromes tend to occur earlier and have a more JJ

indolent course than sporadic variants:
BRCA1 (lifetime risk 45%). BRCA2 (lifetime risk 25%), JJ

HNPCC.
Pathology: epithelial 65%, germ cell 25%, sex cord-stromal 5%, JJ

metastases 5%.
Epithelial histologic types: serous 50%, endometrioid 20%, JJ

undifferentiated 15%, mucinous 10%, clear cell <5%.
Patterns of spread: exfoliation into peritoneal cavity, hematog-JJ

enous and lymphatic (mainly pelvic/paraaortic, but inguinals  
also at risk via round ligament).
90% recurrences occur within 5 years; only 15% relapse JJ

extraabdominally.
Most patients die from local disease (small bowel obstruction, JJ

ascites, abdominal organ infiltration, etc.).
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Most important negative prognostic factors: stage, grade, resid-JJ

ual volume of disease.
Other negative factors: age>65, pre-op ascites, CA125 elevated JJ

after 3c chemo or nadir >20 U/mL after first-line therapy.

WORKUP
H&P with complete gynecologic exam and Pap smear.JJ

Common signs/symptoms: abdominal discomfort/pain, increas-JJ

ing girth, change in bowel habits, early satiety, dyspepsia, nau-
sea, ascites, adnexal mass, pleural effusion, Sister Mary Joseph’s 
nodule, Blumer’s shelf, Leser–Trelat sign (sudden appearance 
of seborrheic keratoses), hypercalcemia with clear cell, and 
subacute cerebellar degeneration.

Labs: CBC, LFT, BUN/Cr, serum tumor markers as follows:JJ

CA125: elevated in 80% of epithelial ovarian tumors; may JJ

serve as an early marker for disease recurrence.
False positives possible, especially in premeno pausal JJ

women.
CA 19–9: low sensitivity but may be positive in GI or Müllerian JJ

tumors.
CEA: elevated in 58% with stage III disease.JJ

AFP and JJ bHCG: measure if <30 years old to help rule out 
germ cell tumors.

Imaging:JJ

Transvaginal US (more useful than transabdominal US for JJ

adnexal masses)
Ovarian enlargement during reproductive years usually JJ

benign.
Simple cyst <3 cm can be followed by serial US.JJ

Complex ovarian cyst or postmenopausal women with JJ

simple cyst and CA-125 >65 U/mL suggestive of cancer → 
surgery indicated.

CT/MRI abdomen/pelvis: especially helpful preoperatively if JJ

advanced disease.
Cystoscopy, sigmoidoscopy, barium enema, upper GI series, or JJ

endoscopy as clinically indicated.
Endometrial biopsy preoperatively in women with abnormal JJ

vaginal bleeding.
Pre-op percutaneous assessment of ascites or mass not recom-JJ

mended as it may lead to tumor seeding along tract or perito-
neum and delay surgical staging/management.
Surgical exploration: EUA, excise intact suspicious mass, frozen JJ

sections → if malignant, proceed to complete surgical staging.
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Surgical staging: vertical incision, collect ascites/washings, TAH/JJ

BSO*, complete abdominal exploration, omentectomy, random 
peritoneal biopsies (including diaphragm), aortic/pelvic lymph 
node sampling, optimal debulking, ±appendectomy.

*If proven stage IA, may preserve fertility with unilateral salpingo-
oophrectomy (USO).

STAGING (AJCC 7Th Ed., 2010/FIGO 2008): OVARIAN CANCER
The definition of TNM and the stage grouping for this chapter have JJ

not changed from the AJCC 6th Ed., 2002.

Primary tumor (T)
TNM FIGO
Categories Stages
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
T1 I Tumor limited to ovaries (one or both)
T1a IA Tumor limited to one ovary; capsule

No malignant cells in ascites or peritoneal washings
T1b IB Tumor limited to both ovaries; capsules intact, no tumor on ovarian 

surface. No malignant cells in ascites or peritoneal washings
T1c IC Tumor limited to one or both ovaries with any of the following: capsule 

ruptured, tumor on ovarian surface, malignant cells in ascites or 
peritoneal washings

T2 II Tumor involves one or both ovaries with pelvic extension
T2a IIA Extension and/or implants on uterus and/or tube(s). No malignant 

cells in ascites or peritoneal washings
T2b IIB Extension to and/or implants on other pelvic tissues. No malignant 

cells in ascites or peritoneal washings
T2c IIC Pelvic extension and/or implants (T2a or T2b) with malignant cells 

in ascites or peritoneal washings
T3 III Tumor involves one or both ovaries with micro scopically confirmed 

peritoneal metastasis outside the pelvis
T3a IIIA Microscopic peritoneal metastasis beyond pelvis (no macroscopic 

tumor)
T3b IIIB Macroscopic peritoneal metastasis beyond pelvis 2 cm or less in 

greatest dimension
T3c IIIC Peritoneal metastasis beyond pelvis more than 2 cm in greatest 

dimension and/or regional lymph node metastasis

Note: Liver capsule metastasis T3/Stage III; liver parenchymal metastasis M1/Stage IV. Pleural 
effusion must have positive cytology for M1/Stage IV.

Regional lymph nodes (N)
TNM FIGO
Categories Stages
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 IIIC Regional lymph node metastasis

distant metastasis (M)
TNM FIGO
Categories Stages
M0 No distant metastasis
M1 IV Distant metastasis (excludes peritoneal metastasis)

continued
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Anatomic stage/prognostic groups
I: T1 N0 M0
IA: T1a N0 M0
IB: T1b N0 M0
IC: T1c N0 M0
II: T2 N0 M0
IIA: T2a N0 M0
IIB: T2b N0 M0
IIC: T2c N0 M0
III: T3 N0 M0
IIIA: T3a N0 M0
IIIB: T3b N0 M0
IIIC: T3c N0 M0
 Any T N1 M0
IV: Any T any N M1

Used with the permission from the American Joint Committee on Cancer (AJCC), Chicago, 
IL. The original source for this material is the AJCC Cancer Staging Manual, 7th ed. (2010), 
published by Springer Science+Business Media.

TREATMENT RECOMMENdATIONS

Stage Recommended treatment

IA/B Gr 1 SurgeryJJ →observation

IA/B Gr 2 SurgeryJJ →observation or
SurgeryJJ →taxane/carboplatin × 3–6c

IA/B Gr 3, 
IC, II

SurgeryJJ →taxane/carboplatin × 3–6c or
SurgeryJJ →WART (if not a chemo candidate and <2 cm 
residual) (Dembo 1985)

III SurgeryJJ →taxane/carboplatin × 6–8c. Alternatively, 
surgery → intraperitoneal chemo (IP) in <1 cm opti-
mally debulked patients. Completion surgery as indi-
cated by tumor response and potential resectability 
in select patients or
SurgeryJJ →WART (if not a chemo candidate and <2 cm 
residual) (Dembo 1985)

IV Manage abdominal disease as for stage III andJJ

Palliative management of metastatic disease
Abdominal 
or pelvic 
recur rence

>6 months from primary therapy – can retreat with JJ

same agents
<6 months from primary therapy – consider addi-JJ

tional agents and/or 
EBRT for palliation of symptomatic tumor depositsJJ

STUdIES
AdJUVANT ChEMO: EARLy STAGE

ICON and EORTC-ACTION investigators (JJ 2003): 925 patients, 
ICON included mainly stage I–II, ACTION included IA/BG2–3, 
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IC, IIA randomized to observation vs. 4–6c immediate adjuvant 
platinum-based chemo (57% single agent carboplatin, 27% 
combo cisplatin). Immediate chemo improved 5-year OS 8% 
(82 vs. 74%) and 5-year RFS 11% (76 vs. 65%).

JJ GOG 157 Bell et al. (2006): 457 patients, included IA/BG2–3, 
IC, II randomized to 3c (considered standard arm) vs. 6c adju-
vant paclitaxel/carboplatin. No significant difference in 5-year 
recurrence between 3c and 6c chemo (25.4 vs. 20.1%), but 6c 
associated with greater toxicity.

AdJUVANT ChEMO:  AdVANCEd STAGE
JJ GOG 111 (McGuire et al. 1996): 410 patients, stage III/IV with 
<1 cm residual randomized to cisplatin with either cyclophos-
phamide or paclitaxel. Paclitaxel improved response rate (73 vs. 
60%), PFS (18 vs. 13 months), and median survival (38 vs. 24 
months). Results confirmed in large European/Canadian Inter-
group trial (Piccart et al. 2000)

JJ GOG 158 (Ozols et al. 2003): 792 patients, advanced stage with 
<1 cm residual randomized to paclitaxel with either cisplatin 
or carboplatin. Carboplatin regimen was less toxic, easier to 
administer, and equally effective.

JJ GOG 172 (Bundy et al. 2001): 462 patients, stage III <1 cm 
residual randomized to 2c IV carboplatin followed by 6c intra-
peritoneal (IP) cisplatin and IV paclitaxel vs. 6c IV paclitaxel/
cisplatin. PFS improved and LR and OS trend favored IP over 
IV, but higher toxicity with IP.

AdJUVANT  WhOLE ABdOMINAL RAdIATION ThERAPy (WART)
Dembo (JJ 1985): 190 patients with IB, II, asymptomatic III ran-
domized to pelvic RT vs. pelvic RT + chlorambucil vs. WART. In 
patients with complete resection, WART improved 5 and 
10-year OS vs. pelvic RT ± chlorambucil (5 years 78 vs. 51%, 10 
year 64 vs. 40%); 30% decrease in abdominal recurrences with 
WART.

ChEMO VS. WART FOR PRIMARy AdJUVANT ThERAPy
No randomized trial comparing best modern chemo and WART tech-
niques has been performed.

RAdIATION TEChNIQUES
SIMULATION ANd FIELd dESIGN

Supine, alpha cradle or knee sponge, planning CT scan.JJ

Include entire peritoneal cavity; pelvic RT alone is never  adequate JJ

as primary adjuvant therapy (Dembo 1985).
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Open field currently accepted over moving strip technique.JJ

Treat AP/PA. Borders: superior = above diaphragm; inferior = below JJ

obturator foramen; lateral = outside peritoneal reflection.
Shield kidneys at 15 Gy and liver at 25 Gy (UCSF does not use JJ

liver blocks).
Consider IMRT to reduce dose to bone marrow and kidneys.JJ

dOSE PRESCRIPTIONS
30 Gy at 1.2–1.5 Gy/fx whole field; kidney blocks at 15 Gy, liver JJ

blocks at 25 Gy.
Paraaortic boost to 45 Gy.JJ

Pelvis boost to 45–55 Gy.JJ

dOSE LIMITATIONS (Td 5/5)
Kidney <20 GyJJ

Liver <25 GyJJ

Lung: limit volume receiving JJ ³20 Gy (V20) <20%
Spinal cord <45 GyJJ

Bone marrow <30 GyJJ

Stomach <45 GyJJ

Small bowel <45–50 GyJJ

Rectum <60 GyJJ

Bladder <60 GyJJ

WART COMPLICATIONS
Fyles et al. (JJ 1992): 598 patients received WART 1971–1985.

Acute: diarrhea (~70%), nausea/vomiting (60%), leukopenia JJ

(11%), thrombocytopenia (11%); 23% required treatment 
breaks, primarily for hematologic toxicity.
Late: transient LFT elevation (44%), chronic diarrhea (14%), JJ

basal pneumonitis (4%), serious bowel obstruction (4.2%).

FOLLOW-UP
H&P every 2–4 months for 2 years, then every 6 months for 3 JJ

years, then annually.
CBC annually, CA-125 at each visit if initially elevated, other JJ

labs and imaging as indicated.
US as indicated in patients who underwent USO.JJ
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Chapter 32

Vaginal Cancer

Thomas T. Bui, Eric K. Hansen, and Joycelyn L. Speight

PEARLS
Rare (only 1–2% of all gynecologic malignancies).JJ

Twenty percent of vaginal tumors are detected incidentally as a JJ

result of Pap smear cytologic screening for cervical cancer.
Eighty to ninety percent of cases are squamous cell carcino-JJ

mas; most common location is the upper posterior 1/3 of the 
vagina.
Lymph node drainage from the upper 2/3 of the vagina is to the JJ

pelvic nodes and from the lower 1/3 of the vagina is to the 
inguinal/femoral nodes.
VAIN (vaginal intraepithelial neoplasia) associated with human JJ

papilloma virus (HPV); frequently multifocal, and progresses 
to invasive disease.
Melanoma comprises 5% and most frequently occur in the JJ

lower 1/3 of the vagina. Adenocarcinoma comprises 5–15% and 
fre quently presents in the Bartholin’s or Skene’s glands. 
Verrucous carcinomas tend to recur locally, but rarely metasta-
size. Rare histologies include papillary serous adenocarcinoma, 
small cell carcinoma, botryoid variant of embryonal rhab-
domyosarcoma, lymphoma, and clear cell adenocarcinoma 
(which is associated with in utero exposure to diethylstilbestrol 
(DES)).
Pelvic disease control worse in primary non-DES–associated JJ

adenocarcinoma of the vagina compared to squamous cell car-
cinoma (31 vs. 81%; p < 0.01) (Frank et al. 2007).
Risk factors: carcinoma in situ, HPV, chronic vaginal irritation, JJ

previous abnormal Pap smears, early hysterectomy, multiple 
lifetime sex partners, early age at first intercourse, current 
smoker, in utero exposure to DES, partner with penile cancer.
Most significant prognostic factor is FIGO stage; other adverse JJ

prognostic factors: age >60 years, middle or lower 1/3 location, 
poorly differentiated, size, and anemia (Chyle et al. 1996; Perez 
et al. 1999; Tran et al. 2006).
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External beam radiotherapy in combination with brachyther-JJ

apy has been shown to improve survival compared to external 
beam treatment alone.
The role for chemotherapy (usually cisplatin-based) is based JJ

on small phase I and II studies and extrapolated from cervical 
cancer literature (Morris et al. 2004; Samant et al. 2007; 
National Cancer Institute, 2009).
Combined analysis of three randomized clinical trials of the JJ

FDA-approved human papillomavirus quadrivalent (Types 6, 
11, 16, 18) vaccine shows 50% efficacy (95% CI) for HPV18-
related VAIN2/3 in the intention-to-treat population (Joura 
et al. 2007).

WORKUP
H&P with bimanual and rectal exam, speculum examination JJ

and Pap smear. On speculum exam, rotate the speculum while 
withdrawing to visualize the posterior wall. Examination under 
anesthesia, preferably with the Gynecologic Oncologist, and 
with biopsy if not previously performed or definitive diagnosis 
not yet established.
Colposcopy with Schiller’s test and multiple directed biopsies JJ

including the cervix and vulva to rule out primary cervical and/
or vulvar cancer.
Fine needle aspiration or excision of clinically or radiographi-JJ

cally suspicious inguinal nodes.
Cystoscopy and sigmoidoscopy for stage JJ ³ II or symptoms.
Labs: CBC, electrolytes, BUN, Cr, LFTs including alkaline JJ

phosphatase.
Imaging: CXR, CT ± PET, and/or MRI depending on extent (but JJ

not to be used for FIGO clinical staging).
Risk of nodal involvement generally increases with stage: JJ

I = 5%, II = 25%, III = 75%, IV = 85%. Consider biopsy of enlarged 
LN to confirm involvement as may be inflammatory. Conversely, 
normal size LN may be pathologically involved.

STAGING (AJCC 7Th Ed., 2010/FIGO 2008):  VAGINAL CANCER
The definition of TNM and the Stage Grouping for this chapter JJ

have not changed from the AJCC 6th Ed., 2002.
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Primary tumor (T)
TNM FIGO*
Categories Stages
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis* Carcinoma in situ (preinvasive carcinoma)
T1
T2

I
II

Tumor confined to vagina
Tumor invades paravaginal tissues, but not to pelvic wall

T3
T4

III
IVA

Tumor extends to pelvic wall**
Tumor invades mucosa of the bladder or rectum and/or extends 
beyond the true pelvis (bullous edema is not sufficient evidence to 
classify a tumor as T4)

*Note: FIGO no longer includes Stage 0 (Tis).
**Note: Pelvic wall is defined as muscle, fascia, neurovascular structures, or skeletal portions 
of the bony pelvis. On rectal examination, there is no cancer-free space between the tumor 
and pelvic wall.

Regional lymph nodes (N)
TNM FIGO
Categories Stages
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 III Pelvic or inguinal lymph node metastasis

distant metastasis (M)
TNM FIGO
Categories Stages
M0 No distant metastasis
M1 IVB Distant metastasis

Anatomic stage/prognostic groups
0*: Ti N0 M0
I: T1 N0 M0
II: T2 N0 M0
III: T1–T3 N1 M0
 T3 N0 M0
IVA: T4 Any N M0
IVB: Any T Any N M1

*Note: FIGO no longer includes Stage 0 (Tis).

Used with the permission from the American Joint Committee on Cancer (AJCC), Chicago, 
IL. The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010), published by Springer Science+Business Media.

TREATMENT RECOMMENdATIONS

Stage Recommended treatment ~Outcomes

CIS COJJ 2 laser or topical 5-FU or wide 
local excision. Close follow-up 
required because of multifocality 
and frequent progression. For 
recurrent cases, intra cavitary (IC) 
brachytherapy 60–70 Gy to the 
entire vaginal mucosa

LC: >90%
DSS: >90%

continued
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I (<0.5 cm  
thick, <2 cm, 
and low-
grade)

SurgeryJJ  (wide local excision or total 
vaginectomy with vaginal recon-
struction). Preserves ovarian func-
tion. Post-op RT for close/+ margins
Alternative: ICJJ  ± IS RT. Treat entire 
vaginal mucosa to surface dose 
65 Gy (60–70 Gy). Tumor with 
2 cm radial margin boosted to 
90 Gy mucosal dose (correspond-
ing to ~67 Gy at 0.5 cm depth)

LC: 90%
DSS: 80–85%
Pelvic control:  
80%
DM: 10–20%

I (>0.5 cm  
thick, >2 cm,  
or high-
grade)

SurgeryJJ : radical vaginectomy and 
pelvic lymphadenectomy (for 
upper 2/3) or inguinal lymph-
adenectomy (for lower 1/3). 
Post-op RT for close/+ margins
Alternative: RTJJ . EBRT to whole pel-
vis ± inguinal LN to 45 Gy. IS ± IC 
boost to tumor with 2 cm radial mar-
gin to 75–80 Gy (corresponding to 
~100–105 Gy tumor mucosal dose)

II EBRT to whole pelvis ± inguinal JJ

LN to 45 Gy (± midline block after 
20 Gy, for non-IMRT plans). IS ± IC 
boost to tumor with 2 cm radial 
margin to 75–80 Gy (corresponding 
to ~100–105  tumor mucosal dose)

LC: 65–90%
Pelvic: 65–85%
DM: 20%
DSS: 75–80%

III, IVA EBRT to whole pelvis to 45–50 Gy JJ

(for non-IMRT plans, consider 
mid line block after 40 Gy). If 
lower 1/3 involvement, treat ingui-
nal nodes to 45–50 Gy
IS ± IC boost tumor with 2 cm JJ

radial margin to 75–85 Gy (corre-
sponding to 100–110 Gy tumor 
mucosal dose)

III
LC: 50–75%
Pelvic: 65–70%
DM: 25%
DSS: 30–60%

For lesions involving >50% of JJ

vagina, recto vaginal (RV) septum, 
and/or bladder, use brachytherapy 
with caution due to the risk of fis-
tula formation Alternative : EBRT 
boost to 65–70 Gy

IVA
LC: 20–40%
Pelvic: 40%
DM: >30%
DSS: <10–20%

continued
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For parametrial and paravaginal JJ

exten sion, EBRT or IS boost to 
65–70 Gy
For +LN, boost to 60 Gy with EBRTJJ

Consider concomitant cisplatin-JJ

based chemo (based on cervix and 
vulvar literature) for tumors >4 cm 
and III–IVA
If fistula or high risk of fistula, JJ

options include total vaginectomy, 
exenteration, and repair of fistula, 
if possible. LND generally per-
formed. Avoid primary RT, espe-
cially brachytherapy

Clear cell 
adeno-
carcinoma

Surgery may preserve ovarian JJ

function, but it is morbid because 
it includes radical hysterectomy, 
vaginectomy, pelvic lymphadenec-
tomy, and paraaortic lymph node 
sampling. If elected, definitive 
radiation techniques are the same 
as those described for stages II, 
III, IV

Metastasis Palliative RT ± chemoJJ

Recurrence Pelvic exenteration if no extension JJ

to side wall (removes vulva, vagina, 
uterus, anorectum, bladder,  urethra, 
and pelvic and groin lymph node 
dissections). Interstitial brachyther-
apy with or without supplementary 
external beam radiotherapy can 
effectively salvage vaginal recur-
rence (Nag et al. 2002). Isolated 
vaginal recurrences can be salvaged 
with radiation therapy (Huh et al. 
2007). HDR interstitial brachyther-
apy may be effective means of dose 
escalation, and HDR brachyther-
apy is efficacious for primary or 
recurrent vaginal cancer (Beriwal 
et al. 2008). 
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STUdIES
Most trials are retrospective and have small patient numbers. JJ

Data concerning chemotherapy are limited, and their use is 
based on the cervix and vulvar literature.
There are no prospective trials comparing HDR to LDR brachy-JJ

therapy.
In general, RT is preferred over surgery, except for early or pos-JJ

terior stage I lesions, distal lesions, or in the presence of a 
fistula.

JJ Univ of Alberta experience (Lian et al. 2008): Retrospective 
review of 68 patients. Vaginal morbidity low if BT alone (0%), 
and highest in the EBRT and BT group (82.1%). Five-year DSS 
by stage: I 90%, II 87%, III 32%, IV 26%.

JJ Gustave-Roussy Instit experience (D Crevoisier et al. 2007): 
Retrospective review of 91 patients. Five-year DSS by stage: I 83%, 
II 76%, III 52%. Pelvic control by stage: I 79%, II 62%, III 62%.

JJ MDACC experience (Frank et al. 2005): Retrospective review of 
193 patients. Tumors >4 cm did worse. Most relapse was LR 
(68–83%). Major complications increased with stage (4–21%). 
Five-year DSS by stage: I 85%, II 78%, III–IVA 58%. Vaginal 
control by stage: I–II 91%, III–IVA 83%. Pelvic control by stage: 
I 86%, II 84%, III–IVA 71%.

RAdIATION TEChNIQUES
SIMULATION ANd FIELd dESIGN
EBRT

Simulate the patient supine with tumor and introitus markers. JJ

Bolus on inguinal nodes may be needed (correlate with CT 
scan). If treating the inguinal nodes, treat patient in the frog-
leg position.
AP/PA field borders are as follows: JJ superior = L5/S1 interspace 
(node negative patients); inferior = cover entire vagina and 3 cm 
below lowest extent of disease as marked with a radiopaque 
marker; lateral = 2 cm lateral to the pelvic brim.
If distal 1/3 vaginal involvement, lateral borders widened to JJ

include the inguinofemoral nodes (lateral = greater trochanter; 
inferior = inguinal crease or 2.5 cm below ischium; superolat-
eral = anterior superior iliac spine).
If treating inguinal nodes, techniques may be used to protect JJ

the femoral heads as described for vulvar and anal cancer.
A midline block is optional to decrease the dose to the bladder JJ

and rectum. If a midline block is not used, the brachytherapy 
dose must be reduced.
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If 4-field technique is used, care must be taken to avoid under-JJ

dosing the presacral, perirectal, and anterior external iliac LN. 
On the lateral fields: anterior border = pubic symphysis and 
posterior border = S2/S3 or behind sacrum depending on stage.
IMRT techniques require great care in treatment planning and JJ

careful attention to primary tumor and LN mapping (Frumovitz 
et al. 2008).
Reevaluate patient after ~30 Gy to determine boost technique, JJ

but never wait until completely finished with EBRT to re- 
evaluate for boost treatment.
For extensive lesions and those involving rectovaginal septum JJ

or bladder, EBRT boost to total 64–70 Gy is used instead of 
brachytherapy.
Concurrent chemotherapy may be considered for high-risk JJ

patients (tumors >4 cm or stage III–IVA) with good perfor-
mance status.

Brachytherapy
Brachytherapy monotherapy may be used for early stage, well-JJ

defined lesions involving <50% vagina and not involving rec-
tovaginal septum.
IC brachytherapy uses largest possible vaginal cylinder to JJ

improve the ratio of mucosa to tumor dose.
Dome cylinders are used for homogenous irradiation of the JJ

vaginal cuff.
Upper 1/3 lesions may be treated with an intrauterine tandem JJ

and vaginal colpostats, followed by treatment of the middle 
and lower 1/3 of the vagina with a vaginal cylinder with a blank 
source at the top of the cylinder if full dose has already been 
reached at the apex.
Never carry a source at the level of the ovoids in the tandem or JJ

vaginal cylinder to prevent damage to the rectum and bladder.
IS brachytherapy is preferred for lesions >0.5 cm to improve JJ

coverage. Favor CT planning.
HDR dose is ~60% of LDR dose.JJ

Typical HDR boost dose after 45 Gy EBRT = 6 Gy × 3 (~30 Gy JJ

LDR equivalent).

dOSE LIMITATIONS
Upper vaginal mucosa tolerance is 120 Gy, mid-vaginal mucosal JJ

tolerance is 80–90 Gy, and lower vaginal mucosa tolerance is 
60–70 Gy. Vaginal doses >50–60 Gy increase risk of significant 
vaginal fibrosis and stenosis.
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Ovarian failure occurs with 5–10 Gy. Sterilization occurs with JJ

2–3 Gy.
Limit bladder JJ £65 Gy and rectum £60 Gy.

COMPLICATIONS
Complications are dose related and include vaginal dryness and JJ

atrophy, pubic hair loss, vaginal stenosis and fibrosis (~50%), 
cystitis (~50%), proctitis (~40%), rectovaginal or vesicovaginal 
fistula (<5%), vaginal necrosis (<5–15%), lymphedema (increased 
risk in post-op setting), urethral stricture (rare), and small bowel 
obstruction (rare in the absence of prior abdominal surgery).
Post-radiotherapy, vaginal dilators, and topical estrogen should JJ

be used to minimize stenosis.
Radiation-induced menopause may occur. Therefore, consider JJ

surgical ovarian transposition prior to pelvic radiation.
Smoking cessation should be encouraged to reduce risk of late JJ

radiation toxicity.
Hyperbaric oxygen therapy may be used for the treatment of JJ

radiation-induced severe late side-effects.

FOLLOW-UP
H&P (with pelvic exam and pap smear) every 3 months for 1 JJ

year, every 4 months for second year, every 6 months for third 
and fourth years, then annually. CXR annually for 5 years.
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Chapter 33

Vulvar Cancer

Stephen Shiao, Brian Missett, and Joycelyn L. Speight

PEARLS
Anatomy = mons  pubis,  clitoris,  labia  majora,  labia  minora, JJ

vaginal vestibule, Bartholin’s glands (at posterior labia majora), 
prepuce over clitoris, posterior forchette, perineal body.
Most common presenting symptoms = pruritis, pain, and/or a JJ

palpable mass.
Approximately  70% arise  in  the  labia  and ~15% arise  in  the JJ

clitoris or perineal body.
LN spread is to inguino-femoral nodes (superficial and deep). JJ

Most superior deep femoral node = Cloquet’s node.
Clitoris can theoretically drain directly to pelvic LN, but rare JJ

without inguino-femoral LN involvement.
Risk factors = HPV 16, 18, 33 (condyloma acuminatum), vulvar JJ

intraepithelial neoplasia  (2–5% progress  to CA), Bowen’s dis-
ease,  Paget’s  disease,  erythroplasia,  chronic  irritant  vaginitis 
(e.g., with pessary),  leukoplakia, employment  in  laundry and 
cleaning industry, smoking.
Risk of nodal involvement correlates with stage and depth of JJ

tumor invasion:
IA <1 mm deep <5%,  1–3 mm deep 8–10%,  3–5 mm deep JJ

20%
More than 5 mm deep or >2 cm size 40%JJ

III 30–80%JJ

IV 80–100%JJ

Approximately 20–25% of cN0 patients are pN+.JJ

If inguinal LN+, ~30% risk of pelvic LN+.JJ

WORKUP
H&P with examination under anesthesia (EUA).JJ

Colposcopy  and  biopsy  of  primary  and  FNA  or  excisional JJ

biopsy of clinically positive inguinal nodes.
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Pap smear of cervix and vagina.JJ

Cystoscopy,  sigmoidoscopy  may  be  indicated  for  advanced JJ

stages and/or bladder/bowel symptoms.
CBC, UA.JJ

Pelvic CT or MRI. PET/CT may be better for the evaluation of JJ

nodal involvement.
CXR.JJ
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FIGO staging: Pecorelli 2009, Copyright 2009, with permission from 
Elsevier.

TREATMENT RECOMMENdATIONS

2002 Stage Recommended treatment

CIS Local excision or COJJ 2 laser

IA Wide  local  excision  (WLE).  Post-op  RT  (50  Gy)  to JJ

vulva  for + margin, margin <8 mm, LVSI, or depth 
>5 mm. [Sample lymph nodes for lesion with >1 mm 
depth of invasion]

IB/II WLE with  ipsilateral  (superficial)  LN  dissection  or JJ

sentinel  lymph  node  biopsy  for  lateralized  lesions. 
Bilateral  (superficial)  LN  dissection  for  central 
lesions, lesions >5 mm deep, LVSI, or poorly differen-
tiated lesions. If LN+, add deep inguinal dissection. 
Post-op  RT  to  vulva  for  + margin, margin  <8 mm, 
LVSI, or lesions >5 mm deep. Post-op RT to inguinal 
and pelvic nodes for >1 LN+, or nodal ECE
Alternatively,  consider  pre-op  chemo-RT  (50 Gy  for JJ

cN- or 54 Gy for cN+) for lesions close to urethra, cli-
toris, or rectum because margin may be difficult  to 
obtain. Either elective chemo-RT to groins or planned 
LN dissection (before or after chemo-RT). If bilateral 
LN dissection performed initially, pathologic LN find-
ings  dictate  whether  or  not  RT  needed  to  groins. 
However,  chemo-RT  to  primary  lesion  could  be 
delayed. If primary lesion has CR to chemo-RT, con-
sider biopsy,  and  if negative observation.  If <CR or 
biopsy  demonstrates  persistent  disease,  resect with 
functional preservation if possible, or boost primary 
to 65–70 Gy or consider radical vulvectomy

III/IVA If cN0, perform bilateral LN dissection first followed JJ

by  chemo-RT  to  vulva  or  vulva  and  inguinal/pelvic 
nodes (for ECE, >1 LN+)
If cN+ fixed or ulcerated, pre-op chemo-RT (45–50 Gy JJ

with  cisplatin,  5-FU,  and/or mitomycin C)  provides 
about 50% CR. Follow with bilateral LN dissection. 
Surgical salvage for persistent or recurrent disease. If 
nodal ECE boost  to 60 Gy;  if gross residual  take  to 
65–70  Gy  (Eifel  2003,  Russell  2004,  Montana  and 
Kang 2008)
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STUdIES
INdICATIONS FOR POST-OP VULVAR RT

Heaps et al. (JJ 1990): review of surgical-pathologic factors predic-
tive of LR for 135 patients with vulvar CA. Increased LR with + 
margin, margin <8 mm pathologically or <1 cm clinically, LVSI, 
and depth >5 mm.

INdICATIONS FOR PELVIC/INGUINAL RT
GOG 36 (Homesley et al. JJ 1986): 114 patients treated with radical 
vulvectomy and bilateral inguinal lymphadenectomy. If inguinal 
LN+,  randomized  to  pelvic  LN  dissection  vs.  post-op  RT  with 
45–50 Gy to pelvic and inguinal LN (but not to vulva). RT decreased 
groin recurrence (5 vs. 24%) and improved 2-year OS (68 vs. 54%). 
Subset analysis showed benefit only in cN+, patients with >1 pN+ 
or +LN with ECE. No difference in pelvic recurrence.

NOdAL EVALUATION ANd MANAGEMENT
Kirby  et  al.  (JJ 2005):  retrospective  review  of  65  patients  with 
Stage I/II vulvar cancer treated with vulvectomy and superficial 
inguinal  lymphadenectomy  (SupIL).  Patients with pathologi-
cally negative SupIL had 4.6% recurrence rate in the inguinal 
region and 16.9% recurrence on the vulva. Five-year DFS and 
OS were 66 and 97%, respectively.
Van der Zee et al.  (JJ 2008): observational  study  looking at 623 
groins  in  403  patients.  Two  hundred  and  fifty-nine  patients 
with unifocal vulvar disease and negative sentinel node (SN). 
Three-year groin recurrent rate was 2.3% and OS 97%. Short-
term and long-term morbidity significantly decreased with sen-
tinel node removal vs. sentinel node removal + inguino-femoral 
lymphadenectomy. Basis for current ongoing trial, GOG 173, to 
validate use of SN biopsy in stage I/II vulvar cancer.

JJ GOG 88 (Stehman et al. 1992): 121 patients with IB–III cN0 treated 
with  radical  vulvectomy  randomized  to  bilateral  inguinal  RT 
(50 Gy to D3, without pelvic RT) vs. bilateral radical LN dissection. 
If pLN+,  then received RT (50 Gy)  to bilateral groin and pelvis. 
Interim analysis of only 58 patients demonstrated improved 2-year 
OS (90 vs. 70%) with surgery and decreased inguinal recurrences.

Criticisms: RT addressed only inguinal nodes, whereas surgery JJ

included  pelvic  LN  dissection  if  inguinal  LN+;  arms  biased 
since no CT used for staging; poor technique of RT (prescribed 
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to  D3,  all  inguinal  recurrences  received  <  prescribed  dose); 
50  Gy  should  sterilize microscopic  disease  as  evidenced  by 
University of Wisconsin retrospective review with good tech-
nique (Petereit, Int J Radiat Oncol Biol Phys 1993).

ChEMO-RT
JJ GOG 101 (Moore et al. 1998): phase II trial of 41 patients with 
T3  unresectable  or  T4,  any  LN  status  treated  with  pre-op 
chemo-RT with 1.7 Gy b.i.d. d1–4, 1.7 Gy qd d5–12 to 23.8 Gy 
with cisplatin on d1 and 5-FU on d1–4 → 2week break → repeat 
to total dose 47.6 Gy. For cN0, RT was to vulvar area only and 
for cN+  included  inguinal and pelvic LN. Surgery 4–8 weeks 
after chemo-RT. Pre-op chemo-RT had 47% CR and 55% 4-year 
OS (expect 20–50%). Fifty-four percent of patients had gross 
residual disease, but only 3% were unresectable.
GOG 101 Montana et al. (JJ 2000): 46 patients with advanced dis-
ease in the inguino-femoral nodes (stage IVA) N2/N3 received a 
split course of radiation (47.6 Gy) to the primary and LN with 
concurrent cisplatin/5-FU followed by surgery. Ninety-five per-
cent were deemed resectable after chemo-RT. Local control of 
primary and lymph nodes was 76 and 97%, respectively.
Landrum  et  al.  (JJ 2008):  63  patients  with  stage  III/IV  disease 
treated with primary surgery or chemo-RT. Primary chemo-RT 
patients were younger (61 vs. 72 years), had fewer nodal metas-
tasis (54 vs. 83%), and larger tumors (6 vs. 3.5 cm). No differ-
ence in OS, PFS, or recurrence rates.
Beriwal  et  al.  (JJ 2008):  18  patients  with  stage  II–IVA  disease 
treated twice-daily  IMRT and with 5-FU/cisplatin chemother-
apy during  the first and  last weeks of  treatment. No patients 
had RT-related  acute  or  late  toxicity  >grade  3.  Seventy-eight 
percent  patients  had  surgery  6–8  weeks  after  chemo-IMRT, 
with 64% pCR rate. Two-year CSS 75%, OS 70%.

MIdLINE bLOCK
Dusenberry et al. (JJ 1994): 27 patients with stage III/IV disease 
with +LN treated with post-op RT with a midline block status 
post resection. Forty-eight percent central recurrence rate with 
the  use  of  the midline  block.  Authors  recommended  discon-
tinuing routine use of the midline block.
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RAdIATION TEChNIQUES
SIMULATION ANd FIELd dESIGN

Simulate  supine,  frog-leg  position  with  custom  immobili-JJ

zation.
Wire LN, vulva, anus, scars.JJ

Borders: superior = L5/S1 or mid SI if clinically no involved pelvic JJ

LN (L4/5 if pelvic LN+); inferior = flash vulva and 3 cm inferior to 
bottom of ischium; lateral = 2 cm beyond pelvic brim and greater 
trochanter (anterior superior iliac spine) to include inguinal LN.
Energy = 6 MV AP, 18 MV PA. Bolus groins and vulva prn.JJ

CT plan depth of groin nodes.JJ

May need to boost groins with en face electrons.JJ

Consider IMRT in experienced centers to reduce dose to normal JJ

structures.

dOSE PRESCRIPTIONS
1.8 Gy/fxJJ

45–50.4 Gy to vulva and pelvic LNJJ

45–50.4 Gy for cN0 inguinal nodes, and boost to 60 Gy for LN+ JJ

or ECE
For  residual  disease,  boost  to  65–70  Gy  (may  require JJ

brachytherapy)

dOSE LIMITATIONS
Small bowel <45–55 GyJJ

Femoral heads <45 GyJJ

Bladder <60 GyJJ

Rectum <60 GyJJ

Lower vagina <75–80 GyJJ

COMPLICATIONS
Acute:  epilation of  pubic hair,  hyperpigmentation,  skin  reac-JJ

tion.  Moist  desquamation  by  third–fifth  weeks.  Treat  with 
Domeboro’s  solution,  loose  garments,  Sitz  baths.  Also  treat 
candida superinfections, if any. Diarrhea, cystitis.
Late = atrophy of skin and telangiectasia, shortening and nar-JJ

rowing of vagina, vaginal dryness. Femoral neck fracture <5%, 
associated with osteoporosis and smoking.
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FOLLOW-UP
H&P every months × 3 months, every 3 × 3 months, every 4 JJ

months × 1 year, every 6 months × 2 years, then annually
CXR annually × 5 yearsJJ
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Chapter 34

Urethral Cancer

Siavash Jabbari, Eric K. Hansen, and Alexander R. Gottschalk

PEARLS
Female urethra is ~4 cm long.JJ

Muscular layer is continuous with that of the bladder.JJ

Two sphincters: internal at bladder neck and voluntary sphinc-JJ

ter at plane of urogenital diaphragm.
Proximal 1/3 epithelium = transitional cells.JJ

Distal 2/3 epithelium = nonkeratinizing squamous cells.JJ

Periurethral Skene’s glands secrete mucous near meatus (and JJ

extend along distal urethra).
Carcinoma of urethra is rare (<0.1% of cancers).JJ

70% = squamous cell CAJJ

10–15% = TCCJJ

10–15% = adenoCAJJ

Rare = melanoma, lymphomas, mets, adenoid cysticJJ

Average age is 60 (50–80) years.JJ

May be associated with HPV 16.JJ

Female urethra cancer more common than male urethral can-JJ

cer (4:1).
Male urethral CA.JJ

Urethral location: bulbomembranous 60%, penile 30%, pro-JJ

static 10%
Histology: 75% squamous cell CAJJ

LN spread is to inguinal and pelvic LN (including presacral and JJ

obturator).
T1 lesions = uncommon.JJ

T2–T3 lesions = 35–50% of cases.JJ

For urethra, clinically involved LN are almost always patho-JJ

logically involved (vs. penile carcinoma only ~50% are patho-
logically involved).

At presentation, ~10% of patients have DM.JJ

Most important prognostic factors = tumor size, local invasion, JJ

and location (distal more favorable).
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WORKUP
H&P: Symptoms include bleeding, pain, dysuria, urinary frequency. JJ

Less commonly, mass, inguinal LN, perineal pain, dyspareunia.
Detailed pelvic EUA.JJ

Urethroscopy and cystoscopy.JJ

CT/MRI of pelvis. CXR.JJ

Biopsy.JJ

STAGING (AJCC 7Th Ed., 2010): UREThRAL CANCER

Primary tumor (T): male and female
TX: Primary tumor cannot be assessed
T0: No evidence of primary tumor
Ta: Noninvasive papillary, polypoid, or verrucous carcinoma
Tis: Carcinoma in situ
T1: Tumor invades subepithelial connective tissue
T2:  Tumor invades any of the following: corpus spongiosum, prostate, periurethral muscle
T3:  Tumor invades any of the following: corpus cavernosum, beyond prostatic capsule, 

anterior vagina, bladder neck
T4: Tumor invades other adjacent organs
Urothelial (Transitional Cell) Carcinoma of the Prostate
Tis pu: Carcinoma in situ, involvement of the prostatic urethra
Tis pd: Carcinoma in situ, involvement of the prostatic ducts
T1: Tumor invades urethral subepithelial connective tissue
T2:  Tumor invades any of the following: prostatic stroma, corpus spongiosum, periurethral 

muscle
T3:  Tumor invades any of the following: corpus cavernosum, beyond prostatic capsule, 

bladder neck (extraprostatic extension)
T4: Tumor invades other adjacent organs (invasion of the bladder)

Regional lymph nodes (N)
NX: Regional lymph nodes cannot be assessed
N0: No regional lymph node metastasis
N1:  Metastasis in a single lymph node 2 cm or less in greatest dimension
N2:  Metastasis in a single node more than 2 cm in greatest dimension, or in multiple 

nodes

distant metastasis (M)
M0: No distant metastasis
M1: Distant metastasis

Anatomic stage/prognostic groups
0a: Ta N0 M0
0is:  Tis N0 M0 

Tis pu N0 M0 
Tis pd N0 M0

I: T1 N0 M0
II: T2 N0 M0
III:  T1 N1 M0 

T2 N1 M0 
T3 N0 M0 
T3 N1 M0

IV:  T4 N0 M0 
T4 N1 M0 
Any T N2 M0 
Any T Any N M1

continued
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Used with the permission from the American Joint Committee on Cancer (AJCC), Chicago, 
IL. The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010), published by Springer Science+Business Media.

~LOCAL CONTROL ANd SURVIVAL BY STAGE

~LC ~5-year OS

I–II: 70–90%
III: 20–60%
IV: 10–20%

I–II: 70–90%
III: 20–40%
IV: 10–20%

TREATMENT RECOMMENdATIONS

2002 Stage Recommended treatment

CIS Surgical options: Laser coagulation, open excision, JJ

or partial or total urethrectomy

I-II Distal lesionsJJ

Surgical resection of primary ± regional LN JJ

dissection
IS brachytherapy aloneJJ

 EBRT (including prophylactic regional LN) + IS JJ

brachy boost (± concurrent chemotherapy for 
squamous cell histology)

Proximal lesions or those of entire urethraJJ

Pre-op RT JJ → surgery with urinary diversion

III, IV Distal lesionsJJ

Surgical resection of primary + inguinal LNDJJ

EBRT (including prophylactic regional LN) + IS JJ

brachy boost (± concurrent chemotherapy for 
squamous cell histology)

Proximal lesions or those of entire urethraJJ

Pre-op RT -> surgery (radical cystourethrectomy JJ

or cysto prostatectomy, or female anterior exen-
teration with the removal of gynecologic organs 
too) with pelvic LND and urinary diversion. May 
require exenteration if extensive

Mets Investigational chemo protocolsJJ

Recurrence After RT, surgical excision or exenterationJJ

After surgery, RT + further surgeryJJ
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STUdIES

Because of its rarity, most trials are retrospective and have JJ

small patient numbers.
Data concerning chemotherapy are limited. Some use cisplatin JJ

or 5-fu/mitomycin-based concurrent chemo with EBRT for 
squamous cell histology, with extrapolation from cervix and 
anal cancer literature.

RAdIATION TEChNIQUES
SIMULATION ANd fIELd dESIGN

Interstitial implant most often used for distal or meatal lesions JJ

with 4–8 IS catheters arranged around urethral orifice.
CT or radiographs used to verify needle placement.JJ

Larger, more invasive, or proximal tumors should be treated JJ

with a combination of EBRT and IS brachy.
Use CT planning for EBRT.JJ

Bolus may be required to ensure adequate dose for superficial JJ

tumors and/or inguinal LN.
EBRT borders = whole pelvis and inguinal LN.JJ

Superior = L5/S1JJ

Inferior = flash perineumJJ

Lateral = cover inguinal LNJJ

EBRT dose.JJ

WP = 50 GyJJ

Involved LN = boost to 60–66 GyJJ

Brachy dose.JJ

With implant alone for early lesions = 60–70 Gy (LDR equivalent)JJ

As boost after 50 Gy WP = 10–30 Gy boost to 60–80 Gy (LDR JJ

equivalent)

dOSE LIMITATIONS
Perineal skin reaction is limiting factor for EBRT, and thus, JJ

limit to ~50–66 Gy.
Upper vaginal mucosa tolerance is 120 Gy, midvaginal mucosal JJ

tolerance is 80–90 Gy, and lower vaginal mucosa tolerance is 
60–70 Gy.
Vaginal doses >50–60 Gy cause significant vaginal fibrosis and JJ

stenosis.
Ovarian failure occurs with 5–10 Gy. Sterilization occurs with JJ

2–3 Gy.
Limit bladder JJ £65 Gy, and rectum £60 Gy.
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COMPLICATIONS
Complications are dose related and include skin reaction, ure-JJ

thral stricture (that could necessitate dilatation or urinary diver-
sion), urinary incontinence, cystitis, vaginal dryness and atrophy, 
vaginal stenosis and fibrosis, vaginal necrosis, vesicovaginal 
 fistula, proctitis, pubic hair loss, small bowel obstruction (rare).
Vaginal dilators should be used to minimize stenosis.JJ

fOLLOW-UP
H&P with careful pelvic exam every 3 months for 1 year, every JJ

4 months for second year, every 6 months for third and fourth 
years, then annually. CXR annually for 5 years.
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Chapter 35

Hodgkin’s Lymphoma

Hans T. Chung, Stephen L. Shiao, and Naomi R. Schechter

EpidEmiology
Incidence/mortality in the US for 2008 is 8,220/1,350.JJ

Males slightly greater than females (1.1:1).JJ

Bimodal peak: ages 25–30 and >55.JJ

First-degree relatives of patients have fivefold increase in risk JJ

for Hodgkin’s disease.
Associated with Epstein–Barr virus, which is associated with JJ

mixed cellularity subtype. EBV DNA has been detected in Reed-
Sternberg cells.
Associated with HIV infection.JJ

Histology
Hallmark is Reed-Sternberg cells (binucleate CD15+, CD30+), JJ

derived from monoclonal populations of B-cells.
Eighty percent present with cervical lymphadenopathy.JJ

Fifty percent present with mediastinal disease (most likely JJ

NSHL).
Thirty-three percent present with B symptoms overall, but only JJ

15–20% of stage I–II have B symptoms.
WHO classification.JJ

Nodular lymphocyte predominance (NLPHL; CD15−, CD30−, JJ

CD20+, CD45+)
Classic (CHL; CD15+, CD30+, CD20±)JJ

Nodular sclerosis (NSHL) = 70% (more common in ado-JJ

lescents and young adults)
Mixed cellularity (MCHL) = 20% (more common in young JJ

children)
Lymphocyte rich (LRCHL) = 10%JJ

Lymphocyte depletion (LDHL) JJ £ 5%
NLPHL: occasional late relapse, but best OS. Often stage I–II, JJ

B symptoms <10%, more common patients >40 years.
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NS: mediastinum often involved. One-third have B symptoms.JJ

MC: presents more commonly with advanced disease, often JJ

subclinical subdiaphragmatic disease in patients with clini-
cally staged I–II above diaphragm.
LD: rare, mostly advanced with B symptoms in older patients, JJ

worst prognosis, associated with HIV.

WoRKUp
H&P, including B symptoms, performance status, alcohol-JJ

induced pain, pruritis. Most common presentation is painless 
lymphadenopathy. Careful complete lymph node exam.
Labs: CBC with differential, LFTs, BUN/Cr, ESR, chemistries, JJ

alkaline phosphatase, LDH, albumin. Pregnancy test. HIV test 
(if risk factors).
MUGA test and LVEF before ABVD chemo.JJ

Pathology: Excisional LN biopsy. Bone marrow biopsy only for JJ

patients with B symptoms, stage III–IV, bulky disease, recur-
rent disease.
Imaging: CXR; CT chest, abdomen and pelvis; PET–CT scan JJ

(sensitivity 75–91%) is considered standard (included in NCCN 
guidelines) and is performed pretreatment and after two cycles 
to assess response (predictive of outcome; Sieniawski et al. 
2007).
Consider oophoropexy for women to preserve ovarian JJ

function.
Pretreatment dental evaluation if going to treat neck.JJ

stAgiNg (AJCC 7tH Ed., 2010): HodgKiN’s lympHomA
The definition of TNM and the stage grouping for this chapter have JJ

not changed from the AJCC 6th Ed., 2002.

Anatomic stage/prognostic groups

I:  Involvement of a single lymphatic site (i.e., nodal region, Waldeyer’s ring, thymus, or 
spleen) (I); or localized involvement of a single extralymphatic organ or site in the 
absence of any lymph node involvement (IE) (rare in Hodgkin’s lymphoma)

II:  Involvement of two or more lymph node regions on the same side of the diaphragm 
(II); or localized involvement of a single extralymphatic organ or site in association with 
regional lymph node involvement with or without involvement of other lymph node 
regions on the same side of the diaphragm (IIE). The number of regions involved may 
be indicated by a subscript, as in, for example, II 3

continued



565cHaptER 35: Hodgkin’s lympHoma

IX

III:  Involvement of lymph node regions on both sides of the diaphragm (III), which also 
may be accompanied by extralymphatic extension in association with adjacent lymph 
node involvement (IIIE) or by involvement of the spleen (IIIS) or both (IIIE,S). Splenic 
involvement is designated by the letter S

IV:  Diffuse or disseminated involvement of one or more extralymphatic organs, with or without 
associated lymph node involvement; or isolated extralymphatic organ involvement in the 
absence of adjacent regional lymph node involvement, but in conjunction with disease in 
distant site(s). Stage IV includes any involvement of the liver or bone marrow, lungs (other 
than by direct extension from another site), or cerebrospinal fluid

Used with the permission from the American Joint Committee on Cancer (AJCC), Chicago, 
IL. The original source for this material is the AJCC Cancer Staging Manual, Seventh Edition 
(2010), published by Springer Science+Business Media.

Lymph node groups: Waldeyer’s ring; occipital/cervical/preauricu-
lar/supraclavicular; infraclavicular; axillary; epitrochlear; mediasti-
nal; right and left hilar (separate); paraaortic; splenic; mesenteric; 
iliac; inguinal/femoral; popliteal.

pRogNosis
B symptoms, bulky mediastinal diseaseJJ

Early stage treated with chemo-RT, 5-year FFF 95% and OS >95%JJ

Advanced stage (Hasenclever et al. JJ 1998):
Poor prognostic factors: male gender, age >45 years, stage IV, JJ

Hgb <10.5, WBC >15 k, lymphocyte <0.6 × 109/L, albumin 
<40 g/L.
If JJ £3 factors, 5-year FFP 70%, whereas >3 factors is 50%.

tREAtmENt
CHEmo AgENts

MOPP = mechlorethamine, Oncovin (vincristine), procarba-JJ

zine, prednisone
ABVD = Adriamycin (doxorubicin), bleomycin, vinblastine, JJ

dacarbazine. (Decreased sterility and second malignancies vs. 
MOPP)
BEACOPP (Diehl et al. JJ 2003) = bleomycin, etoposide, Adriamycin 
(doxorubicin), cyclophosphamide, Oncovin (vincristine), pred-
nisone, procarbazine
Stanford V (Horning et al. JJ 2004) mechlorethamine = mechlore-
thamine, vincristine, prednisone, doxorubicin, bleomycin, vin-
blastine, etoposide. Administered weekly for 8–12 weeks. 
(Decreased bleomycin and doxorubicin toxicity vs. ABVD.)
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tREAtmENt RECommENdAtioNs

stage Recommended treatment

Favorable  
IA/IIA (no  
bulky disease,  
£3 sites,  
ESR<50), 
NLPD HL

ABVD ×4 then IFRT [30 Gy (subclinical) −36 Gy JJ

(clinical)]
Alternative chemo = 8 week Stanford V + IFRT JJ

(30 Gy)
STLI 40–44 GyJJ

For LP IA, may give IFRT or regional RT alone (30–JJ

36 Gy) Stage I–IIA: IFRT 30 Gy with boost to 36 for 
residual disease. Then, restage with PET/CT. If 
<CR, observe or give chemo (ABVD±R; CHOP±R)
Other stages: treat similar to classic HLJJ

Preliminary phase II data support Rituximab since JJ

CD20+
~10-year EFS/OS: 85–90%JJ

Unfavorable 
IA/IIA (bulky 
disease, >3 
sites, or 
ESR>50), IB/
IIB

ABVD ×4–6 then IFRT [30–36 Gy (subclinical) JJ

−36 Gy (clinical)]
Alternative: 12 weeks Stanford V + IFRT 36 Gy (to JJ

any node >5 cm
If refuses chemo, STNI (mantle → PA + splenic) or 
mantle alone may be considered. 36–44 Gy
~10-year FFP 85%, OS 90%JJ

III–IV ABVD ×4 then restage with PET/CT. If CR, ABVD JJ

×2 + IFRT 20–36 Gy to bulky sites (optional). If PR, 
ABVD ×2–4c,-6 then IFRT 30–36 Gy to bulky sites 
(optional)
Alternative: 12 week Stanford V + IFRT 36 Gy (to JJ

any node >5 cm and residual PET + sites). Or, dose-
escalated BEACOPP with IFRT 30 Gy to initial sites 
> 5 cm and 40 Gy to residual PET + areas ~ 10-year 
FFP Stage III 75% Stage IV 65%, OS Stage III80%, 
Stage IV 75%
~10-year FFP 85%, OS 90%JJ

Primary 
refractory 
disease

High-dose chemo + stem cell transplant (30–60% JJ

salvage)

Relapse Chemo or chemo-RT salvages ~50–80% of patients JJ

initially treated with RT alone. After chemo, may 
give 15–25 Gy to previously irradiated sites or 
30–40 Gy to not previously irradiated sites
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For patients who relapse after chemo, only 40–60% JJ

salvage
Most chemo-alone failures occur in sites of initial JJ

disease
If relapse after initial stage III/IV, then autologous JJ

bone marrow transplant or autologous peripheral 
stem cell transplant

stUdiEs
EARly fAvoRAblE
staging laparotomy

JJ EORTC H6F (Carde et al. 1993): 262 patients with clinical stage 
I–II and favorable factors [1–2 sites, no bulky disease, ESR <50 
(or <30 if B symptoms)] randomized to: (1) no laparotomy with 
STLI; (2) negative laparotomy and NS or LP with mantle 40 Gy 
or STLI alone if MC or LD; (3) positive laparotomy then chemo-
RT. No difference in 6-year DFS (83 vs. 78%) or OS (89 vs. 93%) 
with or without laparotomy. Therefore, laparotomy is unneces-
sary with chemo-RT or STLI.

RolE of CHEmotHERApy ANd REdUCEd Rt fiEld sizE
JJ EORTC H7VF (Noordijk et al. 1997): 40 patients with very 
favorable group (women <40 years with IA nonbulky NS or LP 
with ESR <50) treated with mantle RT alone. Although OS was 
96%, RFS was 73%, suggesting that mantle alone is insuffi-
cient. Most relapses were in the abdomen.

JJ EORTC H7F (Noordijk et al. 1997, 2005): 333 patients with 
favorable group randomized to EBVP chemo ×6 and IFRT vs. 
STNI + splenic RT. Chemo-RT improved 10-year EFS (88 vs. 
78%), but not OS (92 vs. 92%).

JJ GHSG HD7 (Sieber et al. 2002; Engert et al. 2007): 627 patients 
with favorable clinical stage IA–IIB (no bulky disease, extran-
odal disease, elevated ESR, >2 LN regions) randomized to 
EFRT (30 Gy) + boost 10 Gy vs. ABVD×2 and EFRT + boost 
10 Gy. Chemo-RT increased 7-year DFS (88 vs. 67%), but no 
difference in OS (94 vs. 92%). Difference in DFS mainly due to 
failures in RT alone arm, but treatment of relapses significantly 
more successful in RT alone vs. chemo-RT.
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JJ SWOG 9133/CALGB 9391 (Press et al. 2001): 348 patients with 
favorable clinical stage I–IIA (no bulky disease, infradiaphrag-
matic disease, B symptoms) randomized to three cycles of dox-
orubicin and vinblastine and STLI (36–40 Gy) or STLI alone 
(36–40 Gy). Chemo-RT increased overall response and 3-year 
FFS (94 vs. 81%), but not OS.

JJ Stanford G4 (ASH 2004 Horing et al. 2004): 87 patients with non-
bulky favorable I/IIA received 8 weeks of Stanford V followed by 
IFRT (30 Gy). Median follow-up 5.7 year. Eight-year FFP and OS 
were 96 and 98%.

JJ GHSG HD10 (ESH 2004 Diehl et al. 2005a); Diehl et al. 2005b): 
1,131 patients with favorable I–II with no risk factors  randomized 
to ABVD ×2c vs. ×4c, followed by IFRT 20 vs. 30 Gy. At medium 
follow-up 2 years, no difference between any of the arms (free-
dom from failure 97%, OS 98.5%).

JJ EORTC-GELA H8F (Ferme et al. 2007): 542 patients with favor-
able stage I–II randomized to STLI (36 + 4 Gy IF boost) vs. 
MOPP-ABV×3 + IFRT (36 Gy for CR, 40 Gy for PR). Median 
follow-up 92 months. Five-year EFS (98 vs. 74%) and 10-year 
OS (97 vs. 92%) better with MOPP-ABV + IFRT.

JJ Stanford G4 (ASH 2004, Horing et al. 2004): 87 patients with non-
bulky favorable I/IIA received 8 weeks of Stanford V followed by 
IFRT (30 Gy). Median follow-up 5.7 year. Eight-year FFP and OS 
were 96 and 98%.

Radiation dose and chemo cycles
JJ GHSG HD10 (ESH 2004, Diehl et al. 2005b): 1,131 patients 
with favorable I–II with no risk factors randomized to ABVD 
×2c vs. ×4c, followed by IFRT 20 vs. 30 Gy. At medium follow-
up 2 years, no difference between any of the arms (freedom 
from failure 97%, OS 98.5%).

JJ EORTC H9F (Diehl et al. 2005b, Thomas et al. 2007): 783 
patients with favorable IA–IIB randomized to no IFRT, IFRT 
(20 Gy), or IFRT (36 Gy), after attaining CR with EBVP ×6c 
(79% of patients had CR and were randomized). Median fol-
low-up 33 months. Four-year EFS decreased without IFRT 
(70%) vs. 84 (20 Gy) and 87% (36 Gy), no RT arm stopped 
because of unacceptable failure rate (>20%). No difference in 
OS (98% all three arms).

JJ Stanford G5 Currently still accruing patients with favorable 
I–IIA to risk-adapted Stanford V-C and low-dose IFRT.

JJ EORTC 20051/GELA H10: Currently accruing patients with 
favorable I–II to ABVD×3 + INRT vs. ABVD×2 → FDG-PET, if 
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PET positive, then escalated BEACOPP×2+INRT; if PET nega-
tive then ABVD×2.

JJ GHSG HD13: Currently accruing patients with favorable I–II to 
ABVD×2, ABV×2, AVD×2, or AV×2, then IFRT (30 Gy). Interim 
analysis showed significant increase in events in the ABV and 
AV arms which were then subsequently closed.

EARly UNfAvoRAblE
Role of chemotherapy and reduced Rt field size

JJ Specht metaanalysis (Specht et al. 1998). RT alone vs. chemo-
RT. Chemo-RT decreases 10-year recurrence by 50% (IA 
20–10%, IB 30–15%). No difference in OS (RT 77%, chemo-RT 
79%), or CSS (85–88%).

JJ EORTC-GELA H8U (ASH 2000, Ferme et al. 2000, Ferme et al. 
2007): 996 patients with unfavorable clinical stage I–II disease 
randomized to: (1) MOPP/ABV×6 + IFRT; (2) MOPP/ABV×4 + 
IFRT; (3) MOPP/ABV×4 + STLI. IFRT = 36–40 Gy. No difference 
in five-year EFS (84, 88, 87%) or OS (88, 85, 84%), therefore four 
cycles equivalent to six cycles and IFRT equivalent to STLI.
Milan (Laskar et al. 2004). Randomized 136 patients with clini-JJ

cal stage IA bulky, IB, IIA, or IIA bulky to ABVD×4 then STLI vs. 
IFRT. Dose 36 Gy for CR, 40 Gy for PR, and 30.6 Gy for STNI 
prophylactic. No difference in 12-year FFP (93 vs. 94%) or OS 
(96 vs. 94%). Three patients had second CA with STNI vs. 0 with 
IFRT.

JJ GHSG HD8 (Eng ert et al. 2003): 1,064 patients with clinical 
stage I–II and at least one unfavorable factor (bulky mediastinal 
disease, massive splenomegaly, >2 nodal sites, extranodal dis-
ease, high ESR) to four cycles of COPP/ABVD and EFRT or IFRT 
(30 Gy + 10 Gy boost). There was no difference in EFS or OS.

JJ NCCTG HD-6/ECOG JHD06 (Gobbi et al. 2005): 399 patients 
with nonbulky CS I–IIA HD were randomized to STLI ± 
ABVD×2 or ABVD×4–6. Patients in the STLI arm were strati-
fied into favorable and unfavorable risk (MC or LD histology, 
³4 sites, ESR ³50 or age ³40). Unfavorable patients received 
STLI + ABVD×2. For all patients, STLI improved 5-year FFP 
(93 vs. 87%), but not EFS and OS. Subgroup analysis of unfa-
vorable risk patients showed improved FFP (95 vs. 88%), but 
not OS. No difference seen in favorable risk patients. Second 
cancers (10 vs. 4) and CAD (12 vs. 4) were increased in STLI 
arm.
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Chemotherapy regimens and duration
JJ EORTC H6U (Carde et al. 1993): 316 patients clinical stage I–II 
and unfavorable factors treated with split course chemo with 
mantle RT (35 Gy ± boost 5–10 Gy) and no laparotomy were 
randomized to MOPP×6 vs. ABVD×6. ABVD improved 10-year 
DFS (88 vs. 77%), but not OS (87 vs. 87%). ABVD had higher 
pulmonary toxicity, but less sterility and hematologic compli-
cations.

JJ EORTC H7U (Noordijk et al. 2006): 389 patients with clinical 
stage I–II and any unfavorable factor, randomized to MOPP/
ABV×6 vs. EBVP×6, followed by IFRT (36–40 Gy). MOPP/ABV 
improved both 10-year RFS (88 vs. 68%) and OS (87 vs. 79%).

JJ EORTC-GELA H8U (ASH 2000); (Ferme et al. 2000); Ferme 
et al. 2007: 996 patients with unfavorable clinical stage I–II dis-
ease randomized to: (1) MOPP/ABV×6 + IFRT; (2) MOPP/
ABV×4 + IFRT; (3) MOPP/ABV×4 + STLI. IFRT = 36–40 Gy. No 
difference in 5-year EFS (84, 88, 87%) or OS (88, 85, 84%), 
therefore four cycles equivalent to six cycles and IFRT equiva-
lent to STLI.
Milan (Laskar et al. 2004). Randomized 136 patients with clini-JJ

cal stage IA bulky, IB, IIA, or IIA bulky to ABVD×4, then STLI 
vs. IFRT. Dose 36 Gy for CR, 40 Gy for PR, and 30.6 Gy for 
STNI prophylactic. No difference in 12-year FFP (93 vs. 94%) 
or OS (96 vs. 94%). Three patients had second CA with STNI vs. 
0 with IFRT79%).

JJ EORTC-GELA H9U (ASCO 2005, Noordijk et al. 2005): 808 
patients with unfavorable stage I–II randomized to ABVD×6 vs. 
ABVD×4 vs. BEACOPP×4 + 30 Gy IF-RT in all arms. No differ-
ence in 4-year EFS (94, 89, and 91%) or OS (96, 95, and 93%). 
Toxicity worse with BEACOPP compared to ABVD.

JJ GHSG HD8 (Engert et al. 2003): 1,064 patients with clinical 
stage I–II and at least one unfavorable factor (bulky mediasti-
nal disease, massive splenomegaly, >2 nodal sites, extranodal 
disease, high ESR) to four cycles of COPP/ABVD and EFRT or 
IFRT (30 + 10 Gy boost). There was no difference in EFS or 
OS.

JJ GHSG HD11 (Diehl et al. 2005b): 1,570 patients with clinical stage 
I–II randomized to ABVD×4 + IF-RT (30 Gy) vs. ABVD×4 + IF-RT 
(20 Gy) vs. BEACOPP×4 IF-RT (30 Gy) vs. BEACOPP×4 + IF-RT 
(20 Gy). Median follow-up 3 years. No difference in overall free-
dom from treatment failure (FFTF) or OS between ABVD (87, 
97%) vs. BEACOPP (88, 96%) or 20 Gy (87, 97%) vs. 30 Gy (90, 
97%), though there was more toxicity with BEACOPP and more 
relapses in the 20 Gy arm requiring salvage.
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JJ NCCTG HD-6/ECOG JHD06 (Gobbi et al. 2005): 399 patients 
with nonbulky CS I–IIA HD were randomized to STLI ± ABVD×2 
or ABVD×4–6. Patients in the STLI arm were stratified into 
favorable and unfavorable risk (MC or LD histology, ³4 sites, 
ESR ³50 or age ³40). Unfavorable patients received STLI + 
ABVD×2. For all patients, STLI improved 5-year FFP (93 vs. 
87%), but not EFS and OS. Subgroup analysis of unfavorable 
risk patients showed improved FFP (95 vs. 88%), but not OS. No 
difference seen in favorable risk patients. Second cancers (10 
vs. 4) and CAD (12 vs. 4) were increased in STLI arm.

JJ GHSG HD14. Currently accruing patients with unfavorable 
I–II to dose-escalated BEACOPPx2+ABVDx2+IFRT (30 Gy) vs. 
ABVD×4+IFRT (30 Gy). Rationale is that despite excellent ini-
tial CR rates, 10–15% will recur within 5 year.

JJ EORTC 20051/GELA H10. Currently accruing patients with 
unfavorable I–II to ABVD×4+INRT vs. ABVD×2 → FDG-PET, if 
PET positive, then escalated BEACOPP +and INRT; if PET neg-
ative, then ABVD×4.

JJ GHSG HD17. Currently accruing patients with unfavorable I–II to 
EACOPP14 with ABVD, and INRT (involved-node RT) with IFRT.

CHEmotHERApy ± Rt foR EARly-stAgE
JJ EORTC H9F (ASCO abstr 2005, Noordijk et al. 2005, Thomas 
et al. 2007). See above.

JJ NCIC/ECOG (Meyer et al. 2005; Macdonald et al. 2007): 399 
patients with I–IIA low-risk (LP, NS, age <40 years, <3 sites, 
ESR <50) randomized to STNI vs. ABVD ×4–6c alone. Higher 
risk patients were randomized to ABVD ×2c + STNI vs. ABVD 
×4–6c. Chemo-alone had poorer 5-year PFS (93→87%), but no 
change in OS.

JJ MSKCC (Straus et al. 2004): 152 patients nonbulky CS IA–IIB, IIIA 
treated with ABVD ×6c randomized to modified EFRT 36 Gy vs. no 
RT. RT improved 5-year FFP (81→86%), but not OS (90→97%).

JJ CCG (Nachman et al. 2002): 829 patients <21 years risk-adapted 
treatment. Favorable CS I–II COPP/ABV ×4c. Unfavorable CS 
I–II and III COPP/ABV ×6c. IV: Intensive chemo. If CR random-
ized to 21 Gy IFRT vs. none. If PR, all got 21 Gy IFRT. IFRT 
improved 3-year EFS (85→93%), but not OS.

JJ GATLA (Pavlovsky et al. 1988): 277 patients CS I–II treated with 
CVPP ×6c randomized to 30 Gy IFRT vs. none. IFRT improved 
DFS (62→71%) for unfavorable patients (34→75%), but not 
favorable patients (70→77%). No OS difference. Used inferior 
chemo regimen. 45% patients <16 years.
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CR after ABVD×6, then randomized to no RT or consolidation JJ

RT. IFRT was given in 84%. Forty-seven percent were <15 years 
and 68% had MC histology. RT improved 8-year EFS (76 vs. 
88%) and OS (89 vs. 100%).
Picardi et al. 2007): 260 patients with bulky >5 cm got VEBEP JJ

chemo. One hundred and sixty patients became PET- after 
chemo, but had residual CT mass >1.3 cm randomized to 
observation vs. IFRT 32 Gy. Median follow-up 40 months. IFRT 
reduced failures 14→4% and all chemo-alone failures were in 
initial site and contiguous nodal regions.

AdvANCEd
JJ CALGB 8251 (canellos et al. 1992, 2002): 361 patients with stage 
III–IV randomized to MOPP × 6–8c, ABVD × 6–8c, or MOPP-ABVD 
× 12 months. No RT. Both ABVD and MOPP-ABVD improved 
5-year FFS, but not OS. ABVD less toxic than MOPP-ABVD.

RolE of ifRt
JJ SWOG 7808 (Fabian et al. 1994). CS III–IV MOP-BAP × 6 
months. If CR, randomized to observation vs. 20 Gy IFRT. 
Improved FFP for NSHD (60–82%), bulky >6 cm (57–75%) and 
patients who actually completed assigned treatment (67–85%). 
No difference in OS.

JJ GHSG HD3 (Diehl et al. 1995). CS IIIB/IV COPP/ABVD × 6 
months. If CR, randomized to 2 months COPP/ABVD or 20 Gy 
IFRT. No diff RFS (77%) or OS (90%).

JJ EORTC 20884/GPMC H34 (Aleman et al. 2003, Eichet et al. 
2007). CS III/IV MOPP-ABV × 6–8c. If CR, randomized to obser-
vation vs. consolidative IFRT (24 Gy). IFRT did not improve RFS 
or OS and had higher rate of myelodysplastic syndrome and leu-
kemia. For those in PR (33%, all received RT), 8-year EFS 76% 
and OS 84% not significantly different from those with CR ± RT 
(75 and 82%), therefore role for RT in patients with PR.

JJ GHSG HD9 (Engert et al. 2009): 1,196 patients with CS IIB/IIIA 
and risk factors or stage IIIB/IV randomized to COPP/
ABVD×4+IFRT vs. std BEACOPP×8+IFRT or increased-dose 
BEACOPP×8+IFRT. Median follow-up 111 months. Ten-year 
FFTF 64, 70, 82% with 10-year OS 75, 80, and 86%. Significant 
improvement in FFTF and OS with increased-dose BEACOPP, 
but higher risk of secondary AML.

JJ GHSG HD12 (Eich et al. 2007; ASH 2008; Diehl et al. 2008; Diehl 
et al. 2009): 1,571 patients with CS IIB/IIIA and risk factors or 
stage IIIB/IV randomized to escalated BEACOPP×8 vs. escalated 
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BEACOPP×4 +and std BEACOPP×4 with IFRT to residual vs. no 
RT to residual for both arms. Second randomization of IFRT 
(30 Gy) vs. no IFRT to initial bulky or residual enlarged nodes. At 
5 years, no statistical difference between any of the four arms. 
RT improved 4-year FFTF (88→95%), but no difference in 
 survival. Because RT was given to 10% of patients in “non-RT” 
arms, equivalency of a non-RT strategy cannot be proved.

JJ India (Laskar et al. 2004): 179 (71%) of 251 patients with stage 
I–IV achieved GHSG HD3 (Diehl et al. 1995). CS IIIB/IV COPP/
ABVD × 6 months. If CR after ABVD×6, then randomized to no 
RT2 months COPP/ABVD or consolidation RT. IFRT (20 Gy) 
was given in 84%. Forty-seven percent were <15 years and 68% 
had MC histology. RT improved 8-year EFS (76 vs. 88%) and 
OS (89 vs. 100%). No diff RFS (77%) or OS (90%).

JJ GELA H89 (Ferme et al. 2000): 418 patients CS IIIB/IV who 
achieved CR/PR after six cycles of MOPP/ABV or ABVPP were 
randomized to STLI or two more cycles of chemo. Five-year 
DFS (79 vs. 74%) and OS (88 vs. 85%) were not different.

Chemotherapy regimens and duration
JJ CALGB 8251 (Canellos et al. 1992, 2002): 361 patients with stage 
III–IV randomized to MOPP × 6–8c, ABVD × 6–8c, or MOPP-ABVD 
× 12 months. No RT. Both ABVD and MOPP-ABVD improved 
5-year FFS, but not OS. ABVD less toxic than MOPP-ABVD.

JJ GHSG HD9 (Diehl et al. 2007): 1,196 patients with CS IIB/IIIA 
and risk factors or stage IIIB/IV randomized to COPP/
ABVD×4+IFRT vs. standard-dose BEACOPP×8+IFRT or dose-
escalated BEACOPP×8+IFRT. Median follow-up 113 months. 
Ten-year FFTF 64, 70, 82% with 10-year OS 75, 80, and 86%. 
Significant improvement in FFTF and OS with increased-dose 
BEACOPP, but higher risk of secondary AML.

JJ Stanford G3 (ASH 2004, Horing et al. 2004): 108 patients with 
stage III–IV were prospectively treated with 12 weeks of 
Stanford V and IFRT 36 Gy to any sites ³5 cm. Median follow-
up was 6.8 year. Eight-year FFP and OS were 85.9 and 95.2%.

JJ IIL HD9601 Italy (Gobbi et al. 2005): 334 patients with IIB–IV 
randomized to ABVD ×6 vs. MOPPEBVCAD ×6 vs. 12 week 
modified Stanford V. RT (36–42 Gy) to residual mass or previ-
ously bulky disease (>6 cm), and to no more than two sites (dif-
ferent than original Stanford V). Median follow-up was 61 
months. Modified Stanford V had lower CR (89v94v76%), 5-year 
FFS (78v81v54%), and FFP (85v94v73%), but no difference in 
OS (90v89v82%). In ascending order of severity, hematologic 
toxicity was least in ABVD, Stanford V than MOPPEBVCAD.
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JJ ECOG 2496/CALGB 59905. Now closed. Patients with bulky 
stage I–IIA/B or III–IV disease randomized to either Stanford V 
with IFRT to bulky disease, or ABVD with IFRT for bulky 
 mediastinal disease.

JJ GHSG HD18. Currently accruing patients. Patients with bulky 
IIB–IV disease receive escalated BEACOPP×3 with PET after 
second cycle, if PET+ then patients randomized to escBEA-
COPP×5 + RT to residual (30 Gy) or escBEACOPP×5 + Rituximab 
+ RT to residual (30 Gy). If PET−, then patients randomized to 
escBEACOPP×5 or escBEACOPP×1.

pRimARy REfRACtoRy oR RElApsEd Hd
JJ GHSG relapse patterns in early-stage HD (Sieniawski et al. 2007) 
Early-Stage Favorable – 1,129 patients with early-stage favor-
able Hodgkin’s lymphoma from GHSG HD7/HD10/HD13 trials 
who were treated with ABVD×2+EFRT/IFRT. Forty-two patients 
with treatment failure treated with either salvage chemo (24), 
chemo+SCT (14), or RT alone (4). Median follow-up 36 months. 
FFTF2 and OS were 52 and 67%, respectively. High treatment-
related mortality rate. Overall prognosis dependent duration of 
first remission, clinical stage, and anemia at relapse with two 
of three factors having significantly worse prognosis.

JJ Vancouver experience (Lavoie et al. 2005): 100 patients with pri-
mary refractory or relapsed HD underwent high-dose chemo 
and autologous stem cell transplantation. After median follow-
up of 11.4 year, 15-year OS was 54%. OS higher in relapsed HD 
(67%) vs. primary refractory HD (39%). Treatment-related mor-
tality, including death from second malignancy, was 17% at 15 
year. Fifteen-year cumulative second malignancy was 9%.

RolE of pEt
JJ Italy (Rigacci et al. 2007). Prospective, multicenter study of 186 
patients to evaluate the addition of PET scan in the staging of 
HD by CT. PET imaging led to 14% upstaging and 1% down-
staging as compared to CT staging alone. Among the patients 
with CT-staged localized disease, 8% were upstaged to advanced 
disease with PET.

JJ PET for staging/prognosis (Gallmini et al. 2007): 260 patients with 
stage IIA–IVB treated with ABVD + RT to bulky disease or residual 
mass. PET done at baseline and then after two cycles and com-
pared to IPS to for prognostic value. Median follow-up 2 years. 
Two-year PFS for PET+ = 12.8% and for PET− = 95.0%; in multi-



575cHaptER 35: Hodgkin’s lympHoma

IX

variate analysis only PET significantly associated with treatment 
outcome. Basis for EORTC H10 and GHSG HD15 trial design.

JJ Prognostic value of PET after chemo (Advani et al. 2007). 
Retrospective analysis of 81 patients with stage I–IV had PET at 
baseline and again after the completion of Stanford V chemo-
therapy before planned RT. Four-year FFP 96 vs. 33% for PET− 
vs. PET+ patients irregardless of RT. PET highly predictive of 
FFP after chemotherapy whether or not patients receive RT.

JJ GHSG HD15 (Kobe et al. 2007). Negative prognostic value of 
PET after chemo was investigated. Patients with a negative PET 
scan were not irradiated, whereas patients with a positive PET 
scan were irradiated. Ninety-five percent of patients with nega-
tive PET scan have not relapsed after 12 months.
International Harmonization Project (Juweid et al. 2008) was JJ

convened to develop guidelines for performing and interpreting 
PET scans for treatment assessment. Sensitivity and specificity 
postchemo for detection of residual disease are 84 and 90%, 
respectively. Recommendations included: (1) PET scans after the 
completion of therapy should be performed ³3 weeks, and prefer-
ably 6–8 weeks, after chemo, and 8–12 weeks after RT or chemo-
RT, to distinguish between viable tumor necrosis or fibrosis; (2) 
pretreatment PET scans are not obligatory as HD is FDG-avid, but 
may be used to facilitate interpretation of posttreatment PET; (3) 
abnormal PET can be defined as focal or diffuse FDG uptake 
above background in a location incompatible with normal anat-
omy/physiology (please refer to reference for exceptions); (4) PET 
scans performed during treatment should be performed as close 
as possible (i.e., within 4 days) before the subsequent cycle.

fUtURE diRECtioNs
Radiotherapy dose: 20 Gy is being investigated in stage I–II, favorable 
(GHSG HD10, EORTC H9F, Stanford G5), and stage I–II, unfavorable 
(GHSG HD11).

Radiotherapy volume: INRT (involved-node RT) is being investi-
gated in GHSG HD17 (Gallmini et al. 2007, 2008).

RAdiAtioN tECHNiQUEs
simUlAtioN ANd fiEld dEsigN (3dCRt)

Simulate supine with custom immobilization. Wire nodes. JJ

Consider PET–CT simulation
Consider custom compensator for neck, mediastinal, or SCV fieldsJJ
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Extended RT fieldsJJ

Mantle: bilateral cervical, SCV, infraclavicular, mediastinal, JJ

hilar, and axilla
Mini-mantle: mantle without mediastinum, hilaJJ

Modified mantle: mantle without axillaJJ

Inverted Y: paraaortic, bilateral pelvic and inguino-femoral, JJ

± splenic
Total lymphoid irradiation (TLI): both mantle and inverted JJ

Y-fields
Subtotal lymphoid irradiation (STLI): TLI with exclusion of JJ

pelvis
MantleJJ

Simulate with arms-up (to pull axillary LN from chest to JJ

allow for more lung blocking) or arms akimbo (to shield 
humeral heads and minimize tissue in SCV folds). Head 
extended. Use CT planning
Borders: lateral = beyond humeral heads; inferior = bottom of JJ

diaphragm (T11/12); superior = inferior mandible
Blocks: larynx on AP field. Humeral heads on AP and PA JJ

fields. PA cord block (if dose >40 Gy). Lung block at top of 
fourth rib to cover infraclavicular LN. If pericardial or medi-
astinal extension, include entire heart to 15 Gy, then block 
apex of heart. After 30 Gy, block heart beyond 5 cm inferior 
to carina (unless residual disease)
Margins: Prechemo cranio-caudad + 2–5 cm; postchemo JJ

 lateral + 1.5 cm (Fig. 35.1)
If plan to treat subdiaphragmatic disease, start 7–10 days after JJ

mantle
Definition for IFRT (ASTRO 2002):JJ

IFRT encompasses a region, not an individual LNJJ

Major involved-field regions are: neck (unilateral), mediasti-JJ

num (including bilateral hilum), axilla (including supra-
clavicular and infraclavicular LN), spleen, PA, inguinal 
(femoral and iliac nodes)
Initially involved prechemo sites and volume are treated, JJ

except for the transverse diameter of mediastinal and PA LN 
for which the reduced post-CHT volume is treated

Neck: Include ipsilateral cervical and SCV regions. Consider JJ

IMRT (refer to RTOG H&N contouring atlas for nodal locations)
Mediastinum: include bilateral hilar regions. If SCV involved, JJ

include bilateral SCV and cervical regions. Consider respira-
tory gating
Axilla: include ipsilateral SCV and infraclavicular regions JJ

(Fig. 35.2)
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Fig. 35.1 DRR of an AP mantle field with cardiac block after 30 Gy (black 
dotted line)

Inguinal: Include external iliac and femoral regionsJJ

Margins: generally 2 cm superior and inferior to prechemo volume JJ

and 2 cm lateral to postchemo volume for mediastinal and para-
aortic fields
Shield testes for men and consider oophoropexy for women JJ

(Fig. 35.3)
Match fields with half-beam or gap techniquesJJ

dosE pREsCRiptioNs
See treatment algorithmJJ

dosE limitAtioNs
Femoral head: <25 Gy to prevent slipped capital femoral  epiphysis; JJ

avascular necrosis with steroids or >30–40 Gy
Mandible dental abnormalities with 20–40 GyJJ

Thyroid: <20% to <26 GyJJ
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Fig. 35.2 DRR of IFRT for a stage I axillary Hodgkin’s lymphoma

Lung blocksJJ

Entire cardiac silhouette <15 Gy, block at apex, after 30–35 Gy JJ

add subcarinal block (5 cm below the carina)
Renal and liver blocks if necessaryJJ

CompliCAtioNs
Acute: fatigue, dermatitis, esophagitis, nausea, diarrheaJJ

Subacute: radiation pneumonitis, Lhermitte’s syndromeJJ

Late: coronary artery disease, hypothyroidism, gastric ulcer, JJ

pulmonary toxicity, decreased immunity, second malignancies 
(leukemia RR 22.3×, usually AML peaking at 5–9 years; solid 
tumors RR 2.8×, usually thyroid, lung, breast, GI occurring >5 
years after treatment), infertility
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folloW-Up

Every 3 months for 2 year, then every 6 months for 3–4 years, JJ

then annually with H&P, labs, CXR ± CT/PET/gallium. Follow 
thyroid function (annual TSH and T4) if in irradiated field. 
Annual mammogram for women <30 years starting 5–8 years 
after RT
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Chapter 36

Non-Hodgkin’s Lymphoma

Hans T. Chung, Stephen L. Shiao, and Naomi R. Schechter

PEARLS
EPidEmioLogy

Rising in incidence (2008 US incidence 66,120 and mortality JJ

19,160); median age 60–65 years.
Causative conditions:JJ

Immunodeficiency – congenital (SCID, ataxia telangiectasia), JJ

acquired (HIV, organ transplant), autoimmune (Sjogren’s, 
Hashimoto’s disease, rheumatoid arthritis, systemic lupus 
erythematosus).
Environmental – chemicals (pesticides and solvents).JJ

Viral – EBV (Burkitt’s lymphoma and NK/T cell), HTLV-1 JJ

(human lymphotrophic virus, type I; adult T-cell leukemia in 
southern Japan and Caribbean, spread by breastfeeding, sex 
and blood products), HHV-8 (Kaposi’s sarcoma), HCV (extra-
nodal B-cell NHL).
Bacterial – JJ Helicobacter pylori (MALT).
Radiation – weak association.JJ

Chemo – alkylating agents.JJ

HiStoLogy
JJ WHO classification: B-cell neoplasms vs. T-cell and natural 
killer (NK) cell neoplasms.
B cell (80%) = DLBCL (31%), follicular (22%), MALT (5%), JJ

B-cell CLL (6%), and mantle cell (6%).
T cell (13%) = T/NK cell, peripheral T-cell lymphoma (6%), JJ

mycosis fungoides (<1%), anaplastic large cell (2%).
JJ Low grade: follicular (grade 1–2), CLL, MALT, mycosis fungoides.
JJ Intermediate grade: follicular (grade 3), mantle cell, DLBCL, T/NK 
cell, peripheral T-cell lymphoma, anaplastic large cell.

JJ High grade: Burkitt’s lymphoma, lymphoblastic.
DLBCL: 30–40% present with stage I–II disease. Extranodal JJ

disease is common.
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Follicular presentation = stage I–II (21%), III (19%), IV (60%). JJ

Histologic grade: 1 = follicular small cleaved, 2 = follicular 
mixed, 3 = follicular large.
MALT (or extranodal marginal zone B-cell lymphoma) com-JJ

monly involves stomach, ocular adnexae, skin, thyroid, parotid 
gland, lung, and breast. Most present as stage I–II (65–70%).
Mantle cell: commonly presents with disseminated disease JJ

with spleen, bone marrow, and gastrointestinal involvement.
Associated with t(11;14)(q13;q32) translocation with overex-JJ

pression of cyclin D1.
M:F 4:1, median age 60 years.JJ

Associated with poor prognosis; median survival time 3 years.JJ

Immunophenotyping: see Appendix D.JJ

Cytogenetics: see Appendix D.JJ

WoRKUP
H&P. Performance status. B symptoms. Thorough node exam-JJ

ination. ENT examination if suprahyoid cervical LN involve-
ment. Ophthalmologic examination for CNS lym phoma.
Excisional LN biopsy with H&E, immunophenotyping, geno-JJ

typing, and molecular profiling with microarrays.
Labs: CBC, LFTs, creatinine, ESR, alkaline phosphatase, uric JJ

acid, LDH, HBsAg, HCV Ab, and HIV.
Imaging: CXR, CT (chest/abdomen/pelvis ± neck). FDG-PET/CT JJ

scan (if unavailable, gallium scan; Tsukamoto 2007). Consider 
MRI.
Bone marrow biopsy.JJ

CSF cytology if indicated (CNS or epidural lymphoma).JJ

Discuss fertility issues and sperm banking if pertinent.JJ

StAgiNg

JJ AJCC Ann Arbor staging system used (see Chap. 35).
JJ Limited stage: stage I–II (£3 adjacent LN regions), no B symp-
toms, and nonbulky (<10 cm).

JJ Advanced stage: stage II with more than three contiguous LN 
regions, stage III–IV, B symptoms, or bulky (³10 cm).
Sites that are extranodal, but not extralymphatic (therefore, JJ

not classified as E): Waldeyer’s ring, thymus, and spleen.
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International Prognostic Index (Fisher et al. 1993).
For intermediate- and high-grade NHL.JJ

Adverse factors: age JJ ³60 years, stage III/IV, elevated LDH, 
reduced performance status (e.g., ECOG ³2), and more than 
one site of extranodal involvement.
Five-year OS by number adverse factors: 0–1 (73%), 2 (51%), 3 JJ

(43%), 4–5 (26%).

Follicular Lymphoma International Prognostic Index (FLIPI) (Solal-
Céligny et al. 2004).

Adverse factors: age (>60 years), stage III/IV, hemoglobin level JJ

(<120 g/L), number of nodal areas (>4), and elevated LDH.
Five-year OS by number of adverse factors: 0–1 (91%), 2 (78%), JJ

³3 (53%).

Mantle Cell Lymphoma International Prognostic Index (MIPI) (Hoster 
et al. 2008).

For advanced stage mantle cell lymphoma.JJ

Adverse factors: age (<50 = 0, 50–59=1, 60–69=2, JJ ³70=1), per-
formance status (ECOG ³2 = 2), lactate dehydrogenase 
(<0.67*upper limit of normal (ULN) = 0, 0.67–0.99*ULN=1, 
1–1.49*ULN=2, ³1.5*ULN = 3), and leukocyte count (<6.7 = 0, 
6.7–9.9=1, 10–14.9=2, ³15 = 3).
Five-year OS by risk: low risk = 0–3 (70%), intermediate JJ

risk = 4–5 (45%), high risk = 6–11 (10%).

International response criteria for NHL (Cheson 2007): standardized 
response criteria for clinical trials with new guidelines for incorporat-
ing PET, immunohistochemistry, and flow cytometry. Standardized 
definitions of end points are provided as well.

tREAtmENt RECommENdAtioNS

LoW-gRAdE B-CELL NHL

Stage Recommended treatment

Limited 
(10%  
of cases)

IFRT (25–36 Gy at 1.5–1.8 Gy/fx, depending on JJ

volume)
Median survival 10–15 years. 10-year DFS 40–50%.  JJ

LC 90–100%
Transformation to DLBCL occurs in 10–15%JJ

Advanced  
(90%)

Asymptomatic: observationJJ

continued
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Symptomatic: decision to treat based on interna-JJ

tional criteria (GELF or FLIPI), which consider 
symptoms, threatened end-organ dysfunction, 
cytopenias, bulky disease at presentation, steady 
progression of disease, or patient preference. 
Treatment options include rituximab (R) ± chemo-
therapy (CHOP, CVP, or – fludarabineR-), radioim-
munotherapy (RIT), or palliative local RT (4 Gy × 1 
or 2 Gy × 2; Haas et al. 2003)
Median survival 8–9 years (among <60 years, 10–12 
years)

Relapse High-dose chemo plus stem cell transplant, or JJ

radioimmunotherapy

Transformed 
Disease

Treat as per intermediate-grade diseaseJJ

Rituxan is investigational in maintenance therapyJJ

Transplant is also investigationalJJ

RAdioimmUNotHERAPy
IndicationsJJ

Relapsed or refractory low-grade, follicular, or transformed JJ

B-cell NHL, CD20+
Sixty to eighty percent response rate with 20–40% CRJJ

ContraindicationsJJ

Known hypersensitivity to murine proteinsJJ

JJ ³25% marrow involvement by lymphoma
Platelets <100,000JJ

Pregnancy, nursing mothersJJ

Name decay Half-life, dose dosimetry toxicity

Y-90 
Ibritu-
momab 
(Zevalin)

Pure beta 
(2.3 MeV, 
1.1 cm 
tissue 
range)

2.7 days
65–75 cGy

Pretreatment 
biodistribution 
scan, then 
treat day 7. 
Biodistribution 
improved with 
pretreatment 
nonlabeled 
tositumomab 
or rituximab

85% 
Grade 3–4 
cytopenia 
nadir 8 
weeks. MDS/ 
AML 2%

I-131 
Tositu-
momab 
(Bexaar)

Beta 
(0.6 MeV, 
2.3 mm 
tissue 
range) and 
gamma 
(~0.33 MeV)

8 days
0.3–0.4 mCi/kg 
up to 32 mCi

70% grade 
3–4 cyto-
penia nadir 
6 weeks. 
MDS/AML 
2%
Hypothyroid 
5%

continued
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iNtERmEdiAtE-gRAdE B-CELL NHL

Stage Recommended treatment

Limited  
(30% of cases)

Favorable (nonbulky <10 cm; stage I; <60 years, PS 0–1,  JJ

normal LDH)

 R-CHOP (rituximab, cyclophosphamide, JJ

doxorubicin, vincristine, prednisone) × 3c, then 
IFRT (30–36 Gy)
Alternative: R-CHOP × 6–8c if RT contraindictatedJJ

Unfavorable (bulky; stage II; >60 years; PS JJ ³2; 
elevated LDH)

R-CHOP × 6–8c±IFRT (30–36 Gy)JJ

Alternative: R-CHOP × 3c + IFRT (30–36 Gy)JJ

Bulky: R-CHOP × 6–8c + IFRT (30–40 Gy)JJ

Advanced (70%) R-CHOP × 6–8 ± radioimmunotherapyJJ

Consider IFRT to initially bulky sites in select casesJJ

Upfront transplant is investigationalJJ

Mantle cell lymphoma – R-CHOP or hyperCVAD ± RJJ

Relapse High-dose chemo plus stem cell transplantJJ

Palliative Solitary recurrence – RTJJ

Diffuse disease – chemo (rituximab, etoposide, etc.)JJ

*In testicular lymphoma, after completion of chemotherapy, RT  
(30–36 Gy) should be given to the contralateral testis.

HigH-gRAdE NHL

Stage Recommended treatment

All cases Combination chemo or clinical trial

Gastric MALT

Stage Recommended treatment

Stage I–II For JJ H. pylori positive patients, 3–4 drug current antibiotic 
regimen with proton pump inhibitor for 2 weeks. CR 
97–99%, but median time to CR is 6–8 months. t(11:18) 
is a predictor for lack of response to antibiotic therapy 
and these patients should be considered for RT. If disease 
persists despite antibiotic therapy or if H pylori negative, 
IFRT to entire stomach and perigastric nodes (30 Gy in 
20 fractions). Local control >95%. If RT contraindicated, 
rituximab may be considered

Stage III–IV Induction chemoimmunotherapy or IFRT indicated JJ

for symptoms, GI bleeding, threatened end-organ 
dysfunction, bulky disease, steady progression, or 
patient preference
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StUdiES
LimitEd StAgE LoW-gRAdE LymPHomA

Stanford (1996): 177 patients with stage I–II follicular lym-JJ

phoma (FL) treated with RT alone. Twenty-five percent had 
staging laparotomy. Ten-year RFS and OS were 44 and 64%, 
respectively. Median survival was 13.8 years.

JJ Royal Marsden Hospital (Spier et al. 2004, 1994): 208 patients 
with clinical stage I/IE low-grade lymphoma treated with RT 
alone. Ten-year DFS/CSS was 47%/71%.

JJ Princess Margaret Hospital (ASCO 2004): 460 patients with clin-
ical stage I–II FL treated with IFRT alone. Median follow-up 
12.5 years. Ten-year DFS, CSS, and OS were 41, 79, and 62%. 
Late relapses after 10 years were infrequent.

AdvANCEd StAgE LoW-gRAdE LymPHomA
JJ BNLI (Ardeshna et al. 2003): 309 patients with stage III–IV. A 
low-grade lymphoma was randomized to immediate chloram-
bucil or observation. There was no difference in OS. MS was 
5.9 years (chlorambucil) vs. 6.7 years (observation).

JJ GLSG (Hiddemann et al. 2005): 428 patients with symptomatic 
stage III–IV FL grades I–II randomized to either CHOP vs. R-CHOP. 
Median follow-up 18 months. R-CHOP significantly improved 
Time to treatment failure (TTF) and 2-year OS (95 vs. 90%).

JJ EORTC 20921 (2006): 381 patients with treatment-naïve, 
advanced stage, low-grade lymphoma were randomized to CVP 
(cyclophosphamide, vincristine, and prednisone) or fludara-
bine. Fludarabine increased overall response rate from 58 to 
75%, but had no effect on OS or TTP.

JJ CVP ± R (Marcus et al. 2008): 321 patients with symptomatic 
stage III–IV FL grades I–II randomized to CVP vs. R-CVP. 
Median follow-up 53 months. TTF and OS (83 vs. 77%) were 
significantly improved with R-CVP vs. CVP.

JJ Morschhauser Ibritumomab Trial (Morschhauser et al. 2008): 
phase III trial of 414 patients with advanced FL treated with 
first-line chemotherapy with a complete or partial response 
were randomized to receive Y-90-Ibritumomab or no further 
treatment. Median observation of 3.5 years. Y-90-Ibritumomab 
significantly prolonged PFS in all patients (36.5 vs. 13.3 
months); no difference between CR or PR after first-line chemo. 
Seventy-seven percent of patients with PR converted to CR. 
Main toxicity was grade III–IV hematologic toxicity.
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LimitEd StAgE iNtERmEdiAtE-gRAdE LymPHomA
JJ SWOG 8736 (Spier et al. 2004): 401 patients with intermediate-
grade, stage I/IE/II/IIE, or bulky stage I lymphoma were ran-
domized to CHOP × 3 + IFRT (40–50 Gy) or CHOP × 8 alone. 
Five-year results (Miller et al. 1998) showed improved OS and 
FFS with CHOP-IFRT. Seven and 10-year results no longer 
show any difference in OS or FFS.

JJ ECOG E1484 (2004): 352 patients with intermediate-grade, 
bulky or extranodal stage I, nonbulky stage II/IIE disease received 
CHOP × 8, then randomized to observation or IFRT (30–40 Gy). 
IFRT improved 6-year DFS (73 vs. 56%), but no OS difference.

JJ GELA LNH93-1 (2005): 647 patients £ 60 years, stage I–II, IPI = 0 
intermediate-grade NHL were randomized to ACVBP × 3 fol-
lowed by consolidation chemo (no RT) or CHOP × 3 + IFRT 
(40 Gy). ACVBP significantly improved 5-year EFS and OS, 
regardless of bulky disease or not.

JJ GELA LNH93-4 (Bonnet et al. 2007): 576 patients >60 years, 
stage I–II, IPI = 0 randomized to CHOPx4 + IFRT (40 Gy) vs. 
CHOP × 4. Median follow-up 7 years. Five-year EFS (64 vs. 61%) 
and OS (68 vs. 72%) showed no difference between the groups.

JJ SEER (2007): 6,743 patients with I–II DLBCL treated with RT 
(39%) or without RT (61%). RT improved 5 and 10-year OS 
(62→70%; 48→56%), regardless of age <60 or >60. Also, RT 
reduced 10 and 15-year risk of cardiac death (10→8%; 15→12%) 
for patients ³60 years likely due to reduced athracycline chemo 
exposure, but not for patients <60 years.

AdvANCEd StAgE iNtERmEdiAtE-gRAdE LymPHomA
JJ SWOG 8516 (Fisher et al. 1993): 899 patients with bulky stage 
II, stage III–IV disease randomized to CHOP vs. three newer 
and more intensive chemo regimens (m-BACOD, ProMACE-
CytaBOM, MACOP-B). No difference in OS, CR, or DFS.

JJ GELA LNH98-5 (Coiffier et al. 2002, 2007): 399 patients >60 years 
with stage II–IV disease randomized to CHOP × 8 or CHOP × 8 
plus rituximab. Median follow-up 7 years. R-CHOP improved CR 
(76 vs. 63%), 7-year EFS (42 vs. 25%) and OS (53 vs. 35%).

JJ MINT (2006): 824 patients £ 60 years with IPI 0–1, stage II–IV 
or bulky stage I DLBCL randomized to CHOP-like × 6 or CHOP-
like + rituximab × 6. CHOP-like + R improved 3-year EFS (79 vs. 
59%) and 3-year OS (93 vs. 84%).

JJ Intergroup/ECOG 4494 (2006): 632 patients >60 years with 
stage I–IV DLBCL randomized to CHOP vs. R-CHOP and 
responders randomized to maintenance R vs. obs. R-CHOP 



590 Handbook of EvidEncE-basEd Radiation oncology

increased 3-years FFS (46→53%) and maintenance R increased 
2-year FFS (61–76%), but not after prior R-CHOP. Therefore,  
R may be given as induction or maintenance tx.

JJ RICOVER-60 (Pfreundschuh et al. 2008): 1,222 patients 61–80 
years with stage I–IV DLBCL (50% stage III/IV) randomized to six 
vs. eight cycles of CHOP-14 (given at 2 week intervals) ± rituximab. 
Patients with initial bulky disease (diameter ³7.5 cm) or extran-
odal involvement received 36 Gy RT. Six-cycle R-CHOP improved 
3-year EFS (47→66%) and OS (68→78%) vs. CHOP alone, and 
there was no benefit of increasing to eight cycles of R-CHOP even 
for patients with only a PR after four cycles of chemo.

JJ SWOG Tositumomab Trial S9911 (2006): phase II trial of 91 patients 
with advanced FL treated with CHOP × 6, then tositumomab/I-13. 
Median follow-up 5.1 years. Est 5-year OS and PFS are 87 and 
67%, respectively, ~20% improvement of historical results with 
CHOP × 6. Basis for Phase III Intergroup Trial S0016 comparing 
CHOP + I-131 tositumomab and CHOP + Rituxan.

RELAPSEd iNtERmEdiAtE-gRAdE LymPHomA
Milpied et al. (JJ 2004): 197 patients <60 years randomized to 
CHOP vs. high-dose chemo and stem cell transplant. High-dose 
improved 5-year EFS (37→55%) and also OS for patients with 
two adverse IPI risk factors (44→74%).

JJ PARMA (ASCO 1998): 109 of 215 patients with relapsed inter-
mediate- or high-grade and responsive to induction DHAP × 2 
were randomized to high-dose chemo (BEAC) + autologous 
bone marrow transplant or DHAP × 4. IFRT was indicated in 
both arms for bulky disease (>5 cm). Median follow-up was 100 
months. Eight-year EFS and OS were significantly improved in 
the BMT arm. Relapses were decreased with the addition of 
IFRT in the BMT arm (36 vs. 55%).

gAStRiC mALt
LY03 (Hancock et al. JJ 2009) – chlorambucil vs. observation after 
anti-H. pylori treatment. No benefit to the addition of 
chlorambucil.
GIT NHL 02/96 (2005) – shows that radical surgery not needed.JJ

RAdiAtioN tECHNiQUES
SimULAtioN ANd fiELd dESigN

IFRT fields are used. See descriptions in Chap. 35JJ
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IX

doSE PRESCRiPtioNS
See treatment algorithmJJ

doSE LimitAtioNS
Same as in Chap. 35JJ

ComPLiCAtioNS
Same as in Chap. 35JJ

foLLoW-UP
Same as in Chap. 35JJ
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Chapter 37

Cutaneous Lymphomas

Amy Gillis, Thomas T. Bui, and Mack Roach III

PEARLS
Primary cutaneous lymphomas (PCL) are subdivided according JJ

to cell lineage. These include cutaneous B-cell lymphomas 
(CBCL) – 30% and cutaneous T-cell lymphomas (CTCL) – 70%.
Overall, 1–1.5 new cases per 100,000/year. Annual age-adjusted JJ

incidence of CBCL was 4 per million; CTCL was 6 per million 
persons (Hoppe et al. 2004; Yahalom et al. 2004).
Skin is the most common extranodal site of non-Hodgkin’s JJ

lymphoma (NHL), representing 2% of new cases of NHL.
Affects older adults (55–60 years), 2:1 male predominance, JJ

blacks > whites.
Hypothesized links with environmental factors or viral etiology JJ

not substantiated (de Jong et al. 2008)
Presentation: skin lesions, but long natural history. Median JJ

time from skin lesion to diagnosis ~5 years.
Sézary cells: malignant T-cells. Sézary syndrome: erythroderma, JJ

lymphadenopathy, and Sézary cells in peripheral blood.
Treatment should be tailored to specific subtype of PCL.JJ

Unlike other NHL’s, which use the Ann Arbor staging system, JJ

Mycosis fungoides/Sézary syndrome (MF/SS) uses a TNM staging 
system that correlates to prognosis (Kim et al. 2007; Horwitz et al. 
2008).
EORTC and WHO have classification schemes as well (Willemze JJ

et al. 2005; Golling et al. 2008).

WORKUP
Complete history and physical examination. Include examina-JJ

tion of entire skin LN examination.
Incisional or excisional skin biopsies (several often needed to JJ

diagnose; dermatopathology review essential). Include immu-
nophenotyping as appropriate.
LN biopsy, if clinically indicated.JJ
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Laboratory studies: CBC with manual differential, Sézary cell JJ

count, Sézary flow cytometry, CMP, LDH, ALT, AST, PCR for 
T-cell receptor gene rearrangement.
Imaging studies: Chest X-ray (if limited disease only), CT neck/JJ

chest/abdomen/pelvis, or integrated whole body PET/CT.
May also need peripheral blood smear for Sézary cells or bone JJ

marrow biopsy as appropriate, depending on histology.

WHO-EORTC CLASSIFICATION WITH SURVIVAL (WILLEmzE 
ET AL. 2005)a

WHO-EORTC Frequency (%) 5-year DS survival (%)

Cutaneous T-cell lymphomas

Indolent
Mycosis fungoides
Primary cutaneous anaplastic 

large cell
Lymphatoid papulosis
Aggressive
Sézary Syndrome
Primary cutaneous T-cell, 

peripheral or aggressive CD8+

44
8

12

3
~2

88
95

100

24
16–18

Cutaneous B-cell lymphomas

Indolent
Follicle center lymphoma
Marginal Zone B-cell 

lymphoma
Intermediate
Large B-cell lymphoma of the 

leg
Other diffuse large B-cell

11
7

4

<1

95
99

55

50

aAdapted from Willemze et al. 2005. Copyright American Society of 
Hematology, used with permission. See reference for complete 
classification.

STAGING
TNM staging systems exist for Mycosis Fungiodes/Sézary Syndrome. 
See the AJCC Cancer Staging Manual, 7th Edition (2010) published 
by Springer, New York, www.springer.com. There is no change from 
the 2002 Edition. A modified and updated TNM staging system has 
been published (Olsen et al. 2007).

TNM staging systems also exist for cutaneous lymphomas other than 
MF/Sézary Syndrome, as developed by the EORTC and International 
Society for Cutaneous Lymphomas. (Kim et al. 2007).
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TREATmENT RECOmmENDATIONS AND STUDIES BY CELL TYPE

B-cell cutaneous lymphomas
Typical treatment for cutaneous marginal zone and follicular center 
lymphomas

Locoregional disease: treat with locoregional RT or excision; in JJ

selected cases, observation or topical medications
Generalized disease within skin: observation or rituximab; for pallia-JJ

tion use locoregional RT or chemotherapy

Primary cutaneous marginal zone lymphoma: B-cell
Typically presents with deep-seated nodular or papular lesions on the JJ

upper extremities or trunk
Lacks extracutaneous involvement at the time of diagnosisJJ

Indolent disease course for localized disease as reviewed in 18 studies JJ

showing typical CR
When RT used primarily, excellent prognosis with a 5-year OS and JJ

DSS of 90% and 95%, respectively
Dutch Cutaneous Lymphoma Working Group registry analysis (Senff JJ

et al. 2007): MZL managed with RT as primary treatment had cutane-
ous relapses only at nonirradiated sites

Primary cutaneous follicular center lymphoma: B-cell
Affects the scalp, neck, and trunk indolentlyJJ

Typically express CD20, CD79a, and bcl-6JJ

Radiation used as first-line treatmentJJ

When RT used primarily, excellent prognosis with a 5-year OS and JJ

DSS were 90% and 97%, respectively

Primary cutaneous diffuse large B-cell
Leg presentation (“leg type”) portends poorer prognosisJJ

Expression of bcl-2, Mum-1, and OCT2 was significantly associated JJ

with a poor OS and DSS
Treat with R-CHOP ± IFRT; consider using dose-dense R-CHOPJJ

RT alone should not be considered first choice. M.D. Anderson experi-JJ

ence (Sarris et al. 2001): RT alone has poorer prognosis: OS 25% RT 
alone vs. 77% with RT + doxorubicin-based chemo

T-cell cutaneous lymphomas
Lymphatoid papulosis: T-cell

Fourteen percent of PCL, 100% 5-year survivalJJ

Distributed mainly at trunk and proximal portions of limbsJJ

Diffuse papular, papulonecrotic, or nodular skin lesionsJJ

Often generalized, common to have spontaneous remissions, and JJ

lesions can wax and wane
Transition to other lymphoma rareJJ

Often no treatment neededJJ

Palliation can be achieved with PUVA, methotrexate, interferon, topi-JJ

cal/intralesional steroids, and topical bexarotene

continued
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ALCL (anaplastic large-cell lymphoma): T-cell
Rarely fatalJJ

Possible link between silicone breast prostheses and ALCL requires JJ

further study; absolute risk is exceedingly low due to the rare occur-
rence of ALCL of the breast
Systemic ALCL associated with translocation [t(2;5)(p23;q35)], which JJ

occurs in 40–60% of patients
Localized diseases are typically treated with RT (40 Gy) or local JJ

excision;10-year survival >90%
Treat relapse with additional RT or low-dose methotrexateJJ

CTCL: mycosis fungoides (MF) and Sézary syndrome (SS): T-cell
Median duration from lesion onset to diagnosis: 8–10 yearsJJ

Median survival from diagnosis: 5–10 yearsJJ

With lymph node involvement: median survival <2 yearsJJ

Visceral organ involvement: median survival <1 yearJJ

Occurs more frequently in men than womenJJ

Usually located at trunk and proximal thighJJ

Diagnosis of SS based on the triad of erythroderma, lymphadenopa-JJ

thy, and the presence of Sézary cells (atypical cells with convoluted 
nuclei) in the peripheral blood exceeding 10–15%
At autopsy: 80% have extracutaneous involvementJJ

TREATmENT RECOmmENDATIONS: mYCOSIS FUNGIODES

Disease extent Recommended treatment

Limited patch/ 
plaque

Local/Topical treatment: Steroids, retinoids, JJ

imi quimod, topical chemotherapeutics, and/or 
photo therapy [narrow-band UVB given 3 ×/
week for an initial clearing regimen for patch 
or thin-plaque disease; Psoralen plus UVA 
(PUVA) given 2–3 ×/week for thicker plaques]
Local electron beam therapy (EBT) 24–36 GyJJ

Multiple patches 
<1 cm in diameter ±  
abnormal LN

Local/Topical treatment: as aboveJJ

Total skin electron beam therapy (TSEBT) to JJ

30–36 Gy

One or more  
tumors ³1 cm ± 
abnormal LN

Few tumors
Local EBTJJ

Systemic treatment: retiniods, IFNs, HDAC JJ

inhi bitors, extracorporeal photopheresis, MTX 
± local EBT
Generalized tumors
TSEBTJJ

Systemic treatment as above, or other chemo-JJ

therapies ± local EBT

continued
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Confluence of 
patches >80% BSA 
± abnor mal LN

Systemic treatment as above ± local EBTJJ

Total skin electron beam therapy (TSEBT) to JJ

30–36 Gy
Systemic treatment ± local treatment ± local JJ

EBT

Abnormal LN with 
poor path features; 
Sézary syndrome or 
visceral dz

Combined modality treatment may include sys-JJ

temic treatment, local treatment, and RT

RADIATION TECHNIQUES
TREATmENT AND DOSE

Low doses effective, 24–36 Gy.JJ

Palliative: 100–200 kV X-rays or 6–9 MeV electrons, often 15 Gy JJ

(3 Gy × 5 fx or 5 Gy × 3 fx).
Individualize treatment to the site of disease. Local or locore-JJ

gional field typically treated to 30–36 Gy (1.5–2 Gy/fx).

TOTAL SKIN ELECTRON BEAm (TSEB)
Six patient positions: Anterior, posterior, 2 posterior obliques, JJ

and 2 anterior obliques.
Six-dual field technique = 6 patients positions, each with supe-JJ

rior and inferior fields.
Patient standing, 3.5 m from electron source.JJ

Lucite plate near patient surface to scatter electrons.JJ

Machine angled at 18°, up/down for homogeneity at patient JJ

surface; dose inhomogeneity in air at treatment distance should 
be <10% within vertical and lateral dimensions.
Eighty percent isodose line should be JJ ³4 mm deep to the skin 
surface to ensure epidermis and dermis fall within high-dose 
region.
Twenty percent isodose line should be <20 mm from the skin JJ

surface to minimize dose to underlying structures.
Total dose to bone marrow from photon contamination should JJ

be less than 0.7 Gy.
30–36 Gy in 1.5–2 Gy/fx with 1-week break midtreatment, if JJ

significant skin erythema occurs.
Thicker or tumorous lesions may require boost; supplemental JJ

patch fields used to ensure surface dose ³50% of prescribed 
TSEB dose.
Treat three patient positions each day, 2-day treatment cycle, 4 JJ

days/week for 9 weeks.
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COmPLICATIONS
Local RT, Acute side effects: erythema, dry desquamation, pruritis JJ

locally. If regional, RT may also include edema of affected limb.
Intermediate: fatigue, alopecia (temporary if scalp dose limited JJ

to 25 Gy), hyperpigmentation.
TSEB: Temporary loss of toe/finger nails, localized anhydrosis, JJ

rarely mild epistaxis, and parotiditis.
TSEB, Chronic side effects: persistent nail dystrophy, xerosis, JJ

telangiectasias, permanent partial alopecia, fingertip anesthe-
sia, and possible infertility in male patients.
Secondary cutaneous malignancies possible: SCC, BCC, and JJ

malignant melanoma.

FOLLOW-UP
Regular clinic visits with complete history and physical.JJ

With RT, expect continued regression 6–8 weeks posttreatment.JJ
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Chapter 38

Multiple Myeloma and Plasmacytoma

Thomas T. Bui, Kavita Mishra, and Mack Roach III

PEARLS
Plasma cell tumors are monoclonal tumors of immunoglobu-JJ

lin-secreting cells, derived from B-cell lymphocytes.
Incidence is low overall, ~1–2% of U.S. cancers diagnosed JJ

yearly are plasma cell tumors. More than 90% of these are mul-
tiple myeloma (MM); ~2–10% are solitary plasmacytoma (SP).
MM incidence higher in blacks than whites (~2:1). Median age JJ

at diagnosis 70 years.
SP more common in men than women (4:1). Median age at JJ

diagnosis 50–55 years.
Etiology is unknown, may involve occupational exposures, RT, JJ

solvents (Nau et al. 2008).
20% of patients are free of clinical symptoms at diag nosis.JJ

Osseous SP and MM may manifest as bone pain, neurologic JJ

symptoms, pathologic fracture, cord compression, anemia, hyper-
calcemia, renal insufficiency (Schechter et al. 2003).
~80% of extraosseous SP occur in upper aerodigestive tract. JJ

Common presenting signs include epistaxis, nasal discharge, 
nasal obstruction.
50–80% of patients with osseous SP progress to MM at a median JJ

~2–3 years after treatment. Factors that predict for conversion 
are controversial, but may include lesion size ³ 5 cm, age >40 
year old, presence of M spike, spinal location, persistence of 
M-protein after RT.
10–40% of patients with extraosseous SP progress to MM at 10 JJ

years (Hodgson et al. 2008).
Bone marrow in MM >10% plasma cells. Immunoperoxidase JJ

staining detects either kappa or lambda light chains, but not 
both, in the cytoplasm of bone marrow plasma cells.
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WORKUP
H&P.JJ

CBC and differential with examination of peripheral smear, JJ

chemistries, LFTs, albumin, calcium.
SPEP with immunofixation and quantitation of immunoglobu-JJ

lins, 24-hr UPEP and immunofixation. Twenty-four-hour urine 
for Bence-Jones proteins (National Comprehensive Cancer 
Network, 2010).
Serum viscosity if M-protein concentration >5 g/dL.JJ

Beta-2 microglobulin, LDH, and C-reactive protein reflect tumor JJ

burden.
Unilateral bone marrow aspirate and biopsy.JJ

Bone marrow immunohistochemistry and/or bone marrow JJ

flow cytometry.
Skeletal survey. Bone scan often noncontributory since purely JJ

lytic lesions with low isotope uptake.
Cytogenetics.JJ

FISH [del 13, del 17, t(4;14), t(11;14), t(14;16)].JJ

CXR.JJ

Consider MRI for suspected vertebral compression.JJ

Consider CT (avoid contrast per NCCN Practice Guidelines) if JJ

painful weightbearing areas.
Consider PET/CT scan for suspicion of plasmacytoma of bone.JJ

Solitary plasmacytoma: need confirmatory tissue biopsy of JJ

single lesion; normal BM biopsy (<10% plasma cells), negative 
skeletal survey, and no signs or symptoms of systemic disease 
(Smith et al. 2006).
Smoldering myeloma (asymptomatic myeloma): serum M-protein JJ

³30 g/L and/or BM clonal plasma cells ³10%; no end organ dam-
age (including bone lesions), anemia, hypercalcemia, or symp-
toms (Kyle et al. 1980).

STAGING

Durie-Salmon myeloma staging system1

Stage Criteria Measured myeloma cell 
mass (cells × 1012/m2)

I All of the following:
1. Hemoglobin value >10 g/100 mL
2.  Serum calcium value normal (£12 mg/ 

100 mL)
3.  Bone X-ray, normal bone structure, 

or solitary bone plasmacytoma only
4.  Low M-component production rates

<0.6 (Low)

continued



601cHaptER 38: MultiplE MyEloMa and plasMacytoMa

IX

IgG value <5 g/100 mLJJ

IgA value <3 g/100 mLJJ

Urine light chain M-component on JJ

elec trophoresis <4 g/24 h

II Fitting neither stage I nor stage III 0.6–1.20 (inter mediate)

III One or more of the following:
1. Hemoglobin value <8.5 g/100 mL
2.  Serum calcium value >12 mg/100 mL
3. Advanced lytic bone lesions
4.  High M-component production rates

IgG value >7 g/100 mLJJ

IgA value >5 g/100 mLJJ

Urine light chain M-component on JJ

elec trophoresis >12 g/24 h

>1.20 (high)

Subclassification
A:  Relatively normal renal function (serum creatinine value <2.0 mg/ 

100 mL).
B: Abnormal renal function (serum creatinine value ³2.0 mg/100 mL).

New international staging system2

Stage Criteria MS (months)
I Serum b2-microglobulin <3.5 mg/L

Serum albumin ³3.5 g/dL
62

II Neither stage I nor stage III 44
III Serum b2-microglobulin ³5.5 mg/L 29

1From Durie BGM, Salmon SE: A clinical staging system for multiple 
myeloma. Cancer 36:842-854, 1975. Copyright 1975 American Cancer 
Society. This material is reproduced with permission of Wiley-Liss, Inc., 
a subsidiary of Wiley, Inc.
2From Greipp PR, San Miguel J, Durie BG, et al. International staging 
system for multiple myeloma. J Clin Oncol 2005; 23: 3412-20. Reprinted 
with permission from the American Society of Clinical Oncology.

TREATMENT RECOMMENDATIONS

Stage Recommended treatment

I or systemic  
smoldering

ObserveJJ

SP – osseous Involved field RT (JJ ³45 Gy). LC ~90%, MS ~10 year, 
~70% progress to MM

SP – extraosseous Involved field RT (JJ ³45 Gy) alone, surgery alone, or 
surgery + RT. LC >90%, MS >10 years, ~30% prog-
ress to MM

continued
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II or III Chemo (e.g., melphalan + prednisone) + bisphos-JJ

phonate.
Consider allogenic or autologous stem cell trans-JJ

plant. Consider RT for palliation of local bone 
pain, prevention of pathologic fractures, relief of 
spinal cord compression.

STUDIES

Hu (2000): Review article of SP literature, including total 338 JJ

patients with SP. Patients with osseous SP have LC rate 88–100%, 
rate of progression to MM 50–80% at 10 years, 10-year OS 
45–70%. Patients with extraosseous SP have LC 80–100%, rate 
of progression to MM 10–40% at 10 years, 10-year OS 40–90%.
Alexiou et al. (JJ 1999): Review article of 400+ publications with 
total 869 patients with extraosseous SP treated with RT alone, 
surgery alone, or combined surgery + RT. In upper aerodiges-
tive (UAD) tract tumors, combined treatment resulted in 
higher OS; however, in non-UAD located tumors, there was no 
survival difference between treatment arms. Low risk of lymph 
node involvement (7.6% in UAD, 2.6% in non-UAD areas).
Catell et al. (JJ 1998): Twenty-seven patients with MM affecting 
long bones received radiation to symptomatic lesion, plus a 
margin of 1–2 cm with no attempt to treat entire shaft. Only 
four patients developed progressive disease in the same bone, 
but outside the previously irradiated field.

JJ IFM 9502 (2002): 282 patients with MM undergoing conditioning 
regimens before autologous stem-cell transplantation random-
ized to high-dose melphalan vs TBI (8 Gy in 4 fx) + lower dose 
melphalan. TBI arm had greater hematologic toxicity, higher 
toxic death rate, and decreased 45-month OS (45.5% vs. 66%).

JJ Myeloma Aredia Study Group (1996): 377n patients with stage 
III myeloma and at least 1 lytic lesion randomized to antimy-
eloma treatment plus either placebo or pamidronate (monthly 
infusions × 9 cycles). Pamidronate arm had significantly less 
skeletal events (24% vs. 41%) and had decreased bone pain.

RADIATION TECHNIQUES
SIMULATION AND fIELD DESIGN

SP: Involved field RT including involved bone +2–3 cm margin. JJ

Use CT/MRI to delineate tumor extent, especially paravertebral 
extension. FDG-PET may help assess response after RT (Kim et al. 
2008). For extraosseous SP, may include primary draining LN.



603cHaptER 38: MultiplE MyEloMa and plasMacytoMa

IX

MM: Main indication is for palliation. For symptomatic bony JJ

lesions, include entire bone if possible. May limit long bone/
pelvis fields to decrease dose to bone marrow. If treating verte-
bral column, include involved vertebrae +2 vertebrae above and 
2 below.
Use limited involved fields to limit the impact of irradiation on JJ

stem-cell harvest or impact on potential future treatments.

DOSE PRESCRIPTIONS
SP: 45–50 Gy over 4–5 weeks, 1.8–2 Gy/fx.JJ

MM is very radioresponsive, so lower doses can be given com-JJ

pared with standard palliative RT doses for bony mets from 
solid tumors (Ozsahin et al. 2006).
MM: low-dose RT (10–30 Gy) in 1.5–2 Gy fractions can be used as JJ

palliative treatment for uncontrolled pain, for impending patho-
logic fracture, or impending cord compression. May increase 
dose to 30–36 Gy for cord compression, bulky soft tissue compo-
nent, and incomplete palliation.

DOSE LIMITATIONS
Varies based on organs within involved fieldJJ

Spinal cord <45 Gy at 1.8 Gy/fxJJ

COMPLICATIONS
Normal tissue toxicity within RT fieldJJ

MyelosuppressionJJ

MM: hypercalcemia, anemia, renal insufficiency, infection, skel-JJ

etal lesions

fOLLOW-UP

Systemic myeloma: Quantitative immunoglobulins + M-protein JJ

every 3 months. Follow CBC, serum BUN, Cr, Ca. Bone survey 
annually or for symptoms. Bone marrow biopsy as indicated.
Smoldering multiple myeloma: Quantitative immunoglobulins JJ

+ M-protein every 3 months. CBC, serum BUN, Cr, Ca every 3–4 
months.
SP osseous: As above + measure paraprotein every 3–6 months.JJ

SP extraosseous: Paraprotein every 3 months × 1 year, then annu-JJ

ally. CT/MRI every 6 months × 1 year, then as clinically indicated.
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Chapter 39

Bone Tumors

Tania Kaprealian, Brian Lee, and Jean L. Nakamura

PEARLS
Diaphysis = shaft;  epiphysis = growth  plate  and  end  of  bone; JJ

metaphysis = conical portion between diaphysis and epiphysis.
Prevalence: Osteosarcoma > chondrosarcoma > Ewing’s > maligJJ

nant fibrous histiocytoma (MFH).
Sixty percent cases occur between 10 and 20 years of age (most JJ

active age of skeletal growth).
Eighty  percent  cases  in  long  bones  until  epiphyseal  closure JJ

(then ~occur with appendicular skeleton).
In patients >60 years, >50% cases arise from other conditions JJ

(i.e., Paget’s disease, fibrous dysplasia) → poor chemo response.
Osteosarcoma: Malignant osteoid is hallmark (not seen in chondroJJ

sarcoma). Most  common  bone  tumor  in  children.  Seventyfive 
percent present in metaphyses of long bones with local pain/swell
ing. Eightyfive percent are grades 3–4. Osteosarcoma arising as 
second malignancy  s/p  chemo or RT does not necessarily have 
worse prognosis, but controversial. Associated with LiFraumeni 
Syndrome (p53) and retinoblastoma.
Periosteal (juxtacortical) osteosarcomas are usually lowgrade, JJ

localized with rare DM. Most present in popliteal fossa. Eighty 
to ninety percent curable with surgery alone.
Osteosarcoma: Most common in femur > tibia > humerus. DM JJ

most common in lung > bone/BM.
Chondrosarcoma:  ~25%  of  all  primary  bone  cancers.  Most JJ

common in the femur. Frequent local recurrence, DM less com
mon than osteosarcoma. 1/3 are highgrade.
MFH: Very aggressive locally with frequent DM. Often presents JJ

with fracture.
Fibrosarcoma: Highgrade, behaves like osteosarcoma. Commonly JJ

presents with fractures.
Chordoma: Physaliferous cell (“bubbly cell”) is hallmark. Most JJ

often in sacrococcygeal area, base of skull, and spine. Presentation 
is location specific.
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Giant  cell  tumors = giant  multinucleated  osteoclast  cells.  Only JJ

8–15% are malignant. Cyst formation, hemorrhage, necrosis are 
important with regard to radiosensitivity. Frequent LR (45–60%).
Lung metastases common in osteosarcoma, chondrosarcoma, JJ

MFH.

WORKUP
H&P.JJ

CBC, chemistries, urinalysis, ESR, alkaline phosphatase.JJ

Plain  films  (primary  region  and  CXR)  –  Codman’s  triangle, JJ

periosteal  bone  spicules,  1°  tumor  often  seen  as  cloudlike 
density.
CT/MRI  (primary  area  and  chest)  to  evaluate  soft  tissue JJ

extensions.
Bone  scan  –  Intramedullary  skip  metastases.  Consider  PET JJ

scan.
Biopsy  lesion after  complete  radiologic  evaluation and avoid JJ

incision  over  area  not  to  be  irradiated  or  reexcised.  Biopsy 
should be performed at institution where treatment will occur.

DIFFERENTIATING EWING’S FROm OSTEOSARCOmA

Ewing’s Osteosarcoma

Lytic, destructive lesion

Diaphysis

Onion skin effect

Sclerotic lesion

Metaphysis

Sunburst  pattern  (periosteal  new 
bone formation)



609cHaptER 39: bonE tumoRs

X

S
T

A
G

IN
G

: B
O

N
E

 T
U

m
O

R
S

 

(A
JC

C
 6

T
h

 E
D

., 
20

02
)

P
ri

m
ar

y 
tu

m
o

r 
(T

)
T
X
: 

P
ri
m
ar

y 
tu

m
or

 c
an

n
ot
 b
e 
as

se
ss
ed

T
0:
 

N
o 
ev

id
en

ce
 o
f 
p
ri
m
ar

y 
tu

m
or

T
1:
 

Tu
m
or

 £
8 
cm

 i
n
 g
re
at
es
t 
d
im

en
si
on

T
2:
 

Tu
m
or

 >
8 
cm

 i
n
 g
re
at
es
t 
d
im

en
si
on

T
3:
 

D
is
co

n
ti
n
u
ou

s 
tu

m
or

s 
in
 t
h
e 
p
ri
m
ar

y 
b
on

e 
si
te

R
eg

io
na

l l
ym

ph
 n

o
de

s 
(N

)
N
X
*:
 
R
eg

io
n
al
 l
ym

p
h
 n
od

es
 c
an

n
ot
 b
e 
as

se
ss
ed

N
0:
 

N
o 
re
gi
on

al
 l
ym

p
h
 n
od

e 
m
et
as

ta
si
s

N
1:
 

R
eg

io
n
al
 l
ym

p
h
 n
od

e 
m
et
as

ta
si
s

*B
ec

au
se
 
of
 
th

e 
ra

ri
ty
 
of
 
ly
m
p
h
 
n
od

e 
in
vo

lv
em

en
t 

in
 
sa

rc
om

as
, 

th
e 

d
es
ig
n
at
io
n
 N

X
 m

ay
 n

ot
 b

e 
ap

p
ro

p
ri
at
e 
an

d
 c
ou

ld
 b

e 
co

n
si
d
er
ed

 N
0 
if
 n

o 
cl
in
ic
al
 i
n
vo

lv
em

en
t 
is
 e
vi
d
en

t.

D
is

ta
nt

 m
et

as
ta

si
s 

(m
)

M
X
: 

D
is
ta
n
t 
m
et
as

ta
si
s 
ca

n
n
ot
 b
e 
as

se
ss
ed

M
0:
 

N
o 
d
is
ta
n
t 
m
et
as

ta
si
s

M
1:
 

D
is
ta
n
t 
m
et
as

ta
si
s

 
M

1a
: 

L
u
n
g

 
M

1b
: 

O
th

er
 d
is
ta
n
t 
si
te
s

S
ta

ge
 g

ro
up

in
g

IA
: 

T
1N

0M
0 
G
1–

2,
 l
ow

 g
ra

d
e

IB
: 

T
2N

0M
0 
G
1–

2,
 l
ow

 g
ra

d
e

II
A
: 

T
1N

0M
0 
G
3–

4,
 h
ig
h
 g
ra

d
e

II
B
: 

T
2N

0M
0 
G
3–

4,
 h
ig
h
 g
ra

d
e

II
I:
 

T
3N

0M
0 
an

y 
G

(A
JC

C
 7

T
h

 E
D

., 
20

10
)

E
di

to
rs

’ n
ot

e:
 A
ll 
T
N
M
 s
ta
ge

 a
n
d 
st
ag

e 
gr
ou

ps
 r
ef
er
re
d 
to
 e
ls
ew

h
er
e 
in
 th

is
 c
h
ap

te
r 
re
fle

ct
 th

e 
20

02
 A
JC

C
 s
ta
gi
n
g 
n
om

en
cl
a

tu
re
 u
n
le
ss
 o
th
er
w
is
e 
n
ot
ed

 a
s 
th
e 
n
ew

 s
ys
te
m
 b
el
ow

 w
as
 p
u
bl
is
h
ed

 a
ft
er
 t
h
is
 c
h
ap

te
r 
w
as
 w

ri
tt
en

.

P
ri

m
ar

y 
tu

m
o

r 
(T

)
T
X
: 

P
ri
m
ar

y 
tu

m
or

 c
an

n
ot
 b
e 
as

se
ss
ed

T
0:
 

N
o 
ev

id
en

ce
 o
f 
p
ri
m
ar

y 
tu

m
or

T
1:
 

Tu
m
or

 8
 c
m
 o
r 
le
ss
 i
n
 g
re
at
es
t 
d
im

en
si
on

T
2:
 

Tu
m
or

 m
or

e 
th

an
 8
 c
m
 i
n
 g
re
at
es
t 
d
im

en
si
on

T
3:
 

D
is
co

n
ti
n
u
ou

s 
tu

m
or

s 
in
 t
h
e 
p
ri
m
ar

y 
b
on

e 
si
te

R
eg

io
na

l l
ym

ph
 n

o
de

s 
(N

)
N
X
: 

R
eg

io
n
al
 l
ym

p
h
 n
od

es
 c
an

n
ot
 b
e 
as

se
ss
ed

N
0:
 

N
o 
re
gi
on

al
 l
ym

p
h
 n
od

e 
m
et
as

ta
si
s

N
1:
 

R
eg

io
n
al
 l
ym

p
h
 n
od

e 
m
et
as

ta
si
s

N
ot

e:
 B

ec
au

se
 o
f 
th

e 
ra

ri
ty
 o
f 
ly
m
p
h
 n
od

e 
in
vo

lv
em

en
t 
in
 b
on

e 
sa

rc
om

as
, 

th
e 

d
es
ig
n
at
io
n
 
N
X
 
m
ay

 
n
ot
 
b
e 

ap
p
ro

p
ri
at
e 

an
d
 
ca

se
s 

sh
ou

ld
 
b
e 

co
n
si
d
er
ed

 N
0 
u
n
le
ss
 c
li
n
ic
al
 n
od

e 
in
vo

lv
em

en
t 
is
 c
le
ar

ly
 e
vi
d
en

t.

D
is

ta
nt

 m
et

as
ta

si
s 

(m
)

M
0:
 

N
o 
d
is
ta
n
t 
m
et
as

ta
si
s

M
1:
 

D
is
ta
n
t 
m
et
as

ta
si
s

 
M

1a
: 

L
u
n
g

 
M

1b
: 

O
th

er
 d
is
ta
n
t 
si
te
s

A
na

to
m

ic
 s

ta
ge

/p
ro

gn
o

st
ic

 g
ro

up
s

IA
: 

T
1 
N
0 
M

0 
G
1,
2 
lo
w
 g
ra

d
e,
 G

X
IB

: 
T
2 
N
0 
M

0 
G
1,
2 
lo
w
 g
ra

d
e,
 G

X
T
3:
 

N
0 
M

0 
G
1,
2 
lo
w
 g
ra

d
e,
 G

X
II
A
: 

T
1 
N
0 
M

0 
G
3,
 4
 h
ig
h
 g
ra

d
e

II
B
: 

T
2 
N
0 
M

0 
G
3,
 4
 h
ig
h
 g
ra

d
e

II
I:
 

T
3 
N
0 
M

0 
G
3,
 4

co
nt

in
ue

d



610 Handbook of EvidEncE-basEd Radiation oncology
IV

A
: 

A
n
y 
T
 N

0 
M

1a
 a
n
y 
G

IV
B
: 

 A
n
y 
T
 N

1 
an

y 
M

 a
n
y 
G
 

A
n
y 
T
 a
n
y 
N
 M

1b
 a
n
y 
G

~5
-y

ea
r 

O
S

 b
y 

hi
st

o
lo

gy
O
st
eo

sa
rc
om

a:
 6
0–

75
%
 (
20

%
 i
f 
M

1)
C
h
on

d
ro

sa
rc
om

a:
 5
0–

70
%

M
F
H
: 1

5–
67

%
F
ib
ro

sa
rc
om

a:
 2
5–

50
%

M
al
ig
n
an

t 
gi
an

t 
ce

ll
 t
u
m
or

: 3
0%

U
se
d
 w

it
h
 t
h
e 
p
er
m
is
si
on

 f
ro

m
 t
h
e 
A
m
er
ic
an

 J
oi
n
t 
C
om

m
it
te
e 
on

 C
an

ce
r 

(A
JC

C
),
 C

h
ic
ag

o,
 I
L
. 
T
h
e 

or
ig
in
al
 s

ou
rc
e 

fo
r 

th
is
 m

at
er
ia
l 
is
 t
h
e 

A
JC

C
 

C
an

ce
r 

S
ta
gi
n
g 

M
an

u
al
, 

S
ix
th

 
E
d
it
io
n
 
(2
00

2)
, 

p
u
b
li
sh

ed
 
b
y 

S
p
ri
n
ge

r 
S
ci
en

ce
+
B
u
si
n
es
s 
M

ed
ia
.

IV
A
: 

A
n
y 
T
 N

0 
M

1a
 a
n
y 
G

IV
B
: 

 A
n
y 
T
 N

1 
an

y 
M

 a
n
y 
G
 

A
n
y 
T
 a
n
y 
N
 M

1b
 a
n
y 
G

U
se
d
 w

it
h
 t
h
e 
p
er
m
is
si
on

 o
f 
th

e 
A
m
er
ic
an

 J
oi
n
t 
C
om

m
it
te
e 
on

 C
an

ce
r 

(A
JC

C
),
 C

h
ic
ag

o,
 I
ll
in
oi
s.
 T
h
e 
or

ig
in
al
 s
ou

rc
e 
fo
r 
th

is
 m

at
er
ia
l i
s 
th

e 
A
JC

C
 

C
an

ce
r 
S
ta
gi
n
g 

M
an

u
al
, 
S
ev

en
th

 E
d
it
io
n
 (
20

10
) 
p
u
b
li
sh

ed
 b

y 
S
p
ri
n
ge

r 
S
ci
en

ce
+
B
u
si
n
es
s 
M

ed
ia
.



611cHaptER 39: bonE tumoRs

X

hISTOLOGIC GRADE (G)
A twograde, threegrade, or fourgrade system may be used.JJ

If a grading system is not specified, generally the following sysJJ

tem is used:
GX Grade cannot be assessedJJ

G1 Well differentiated – low gradeJJ

G2 Moderately differentiated – low gradeJJ

G3 Poorly differentiatedJJ

G4 UndifferentiatedJJ

Note : Ewing’s sarcoma is classified as G4JJ

~5-YEAR OS BY hISTOLOGY
Osteosarcoma: 60–75% (20% if M1)JJ

Chondrosarcoma: 50–70%JJ

MFH: 15–67%JJ

Fibrosarcoma: 25–50%JJ

Malignant giant cell tumor: 30%JJ

TREATmENT RECOmmENDATIONS

In  general,  limb  sparing  strategies  are  preferred,  which JJ

may involve a combination of neoadjuvant chemo, RT, and 
surgery.
Input  of  orthopedic  oncologist  is  essential  in  determining JJ

whether  limb  sparing  is  possible.  Final  limb  function  may 
sometimes be better with prosthesis than with partially resected 
and/or irradiated limb. In children, RT has added implications 
on growth of limb and future function.
Osteosarcoma: Preop chemo JJ → surgery → adjuvant chemo × 
4–6 months.

Consider clinical trial.JJ

Inoperable or close/+ margin JJ → RT to 60–75 Gy with shrink
ing fields.
Pelvic  tumors JJ →  Consider  intraarterial  chemo  (cisplatin/
doxorubicin) + RT 60–70 Gy.
M1a:  Surgical  resection  of  lung  metastases  improves JJ

survival.
Chondrosarcoma/MFH/Giant  cell:  Surgery = 1°  treatment JJ

(WLE,  amputation).  RT  for  inoperable  tumors  or  close/+ 
margin.

EBRT = 60–70 Gy. IORT = 15–30 GyJJ

Giant Cell: 45–55 GyJJ
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Chordoma:  Surgery JJ →  RT.  RT  alone  for  inoperable  cases  
(66–70 Gy). Consider SRS or proton or charged particle treat
ment if available.
Giant  cell:  Surgery.  LR  historically  45–60%,  but  as  low  as JJ

10–20% with meticulous  curettage  or  complete  resection. RT 
for inoperable tumors, +margin, recurrent tumors, or if surgery 
would create significant functional disability. Dose 40–55 Gy.
Aneurysmal bone cyst: Surgery. RT 25–30 Gy for recurrent disJJ

ease and surgically inaccessible (e.g., vertebral).

STUDIES
OSTEOSARCOmA

Randomized trials have established that neoadjuvant and adjuJJ

vant chemo help to prevent relapse or recurrence  in patients 
with  localized  resectable  primary  tumors  (Link  et  al.  1986; 
Eilber et al. 1987).

JJ Cooperative German/Austrian Osteosarcoma Study Group (Ozaki 
et al. 2003): Subset analysis of 67 patients with nonmetastatic, 
highgrade  pelvic  osteosarcomas.  RT  improved  survival  for 
patients with intralesional excision and unresectable tumors.
DeLaney et al. (JJ 2005): Review of 41 patients with osteosarcoma 
who were either unresectable or had close or + margins and 
were  treated  with  RT.  No  definitive  doseresponse,  although 
doses >55 Gy had higher LC (p = 0.11). RT more effective  for 
patients with microscopic or minimal residual disease.
Machak et al. (JJ 2003): 31 patients with nonmetastatic osteosar
coma who refused surgery were treated with induction chemo
therapy  followed  by  RT,  median  dose  60  Gy.  OS,  PFS,  and 
metastasesfree survival (MFS) at 5 years were a mean of 61%, 
56%, and 62%, respectively. Patients who were responders had 
OS and MFS at 5 years of 90% and 91%, respectively vs. nonre
sponders  35%  and  42%,  respectively  (p = 0.005  and p = 0.005, 
respectively). PFS among nonresponders was 31% at 3 years 
and 0% at 5 years.
Wagner et al. (JJ 2009): 48 patients had solid bone tumors (52% 
chordoma,  31%  chondrosarcoma,  8%  osteosarcoma,  4% 
Ewing’s sarcoma) and were treated with preoperative RT, 20 Gy 
followed by resection and then postoperative RT, median dose 
of 50.4 Gy. Fiveyear OS, DFS, and LC were 65%, 53.8%, and 
72%, respectively. No differences according to histology. This 
approach appears to inhibit tumor seeding and allows for dose 
escalation  without  highdose  preoperative  RT  or  largefield 
postoperative RT.
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ChORDOmA
Several studies have indicated that charged particle treatment JJ

and/or radiosurgery may improve LC.

RADIATION TEChNIQUES
SImULATION AND FIELD DESIGN

Spare 1.5–2 cm strip of skin in extremity XRT, if possible,  to JJ

prevent edema.
Include entire surgical bed + scar + 2 cm margin, if possible.JJ

Bolus scar for first 50 Gy.JJ

CT/MRI data for tx planning.JJ

Try to exclude skin over anterior tibia, if possible, due to poor JJ

vascularity.
Physical  therapy  instituted  as  early  as  possible  during  treatJJ

ment to improve functional outcome.

DOSE LImITATIONS
>20 Gy can prematurely close epiphysisJJ

>40 Gy will ablate bone marrowJJ

JJ ³50 Gy to bone cortex significantly increases risk of fracture

COmPLICATIONS
Abnormal bone and soft tissue growth and development, permaJJ

nent weakening of affected bone,  scoliosis, decreased  range of 
motion  due  to  fibrosis  or  joint  involvement,  vascular  changes 
resulting in greater sensitivity to infection, fracture, lymphedema, 
skin discoloration or telangiectasia, osteoradionecrosis.
Increased risk of 2° cancers (leukemia, sarcomas).JJ

FOLLOW-UP
Intensive physical rehabilitation very important, especially for JJ

pediatric cases.
Regular H&P with functional assessment, CBC, chest imaging, JJ

and local imaging every 3 months for 2 years, every 4 months 
for third year, every 6 months for years 4 and 5, then annually.
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Chapter 40

Soft-Tissue Sarcoma

Brian Lee, Stuart Y. Tsuji, and Alexander R. Gottschalk

PEARLS
~10,400 cases/year and ~3,700 deaths/year in the USJJ

Median age 40–60 years.JJ

Slight male predominance, more frequent among African-JJ

Americans.
Genetics: NF-1, Retinoblastoma, Gardner’s syndrome, Li-Fraumeni JJ

syndrome.
Environmental exposures: ionizing radiation, herbicides, JJ

thorotrast, chlorophenols, vinyl chloride, arsenic.
Lower extremity (45%) > trunk (30%) > upper extremity (15%) JJ

 > H&N (8%).
Extremity = liposarcoma, MFH, synovial, fibrosarcoma, myx-JJ

oid liposarcoma (upper medial thigh).
Retroperitoneal = liposarcoma (fewer DM) > leiomyosarcoma JJ

(increased DM).
H&N = MFH, usually high-grade (except myxoid MFH = inter-JJ

mediate grade).
Frequency: MFH (20–30%), liposarcoma (10–20%), leiomyosar-JJ

coma (10–15%), fibrosarcoma (5–10%), synovial cell sarcoma 
(5–10%), rhabdomyosarcoma (5–10%), malignant peripheral 
nerve sheath tumor/malignant schwannoma (5%).
Synovial sarcoma = usually high-grade, near (but not within) JJ

joints in tendon sheaths, bursae, and joint capsules.
Grade based on cellularity, differentiation, pleomorphism, JJ

necrosis, #mitoses.
Cytogenetics: See Appendix D.JJ

PRESENTATION

Painless mass. Typically 4–6 months from symptoms to JJ

diagnosis.
Stewart-Treves syndrome = chronic lymphedema of upper JJ

extremity → lymphangiosarcoma.
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Approximately 10% have metastases at diagnosis. Extremity JJ → 
lung, retroperitoneal → liver.
Increased risk of LN spread: SCARE = synovial (14%), clear cell JJ

(28%), angiosarcoma (11%), rhabdomyosarcoma (15%), epi-
thelioid (20%).

WORKUP

H&P, CBC, BUN/Cr, ESR, LDH, CT/MRI of primary. Plain X-ray JJ

of primary. All patients get CT chest. If myxoid liposarcoma, 
include CT abdomen because it frequently metastasizes to ret-
roperitoneum. MRI brain for alveolar type. Consider PET scan 
(investigational).
Always perform imaging prior to biopsy or surgery because JJ

one cannot fully assess by clinical exam. Perform biopsy at 
institution where surgery will be performed.
Incisional biopsy or core needle biopsy preferred. Core biopsy JJ

predicts type and grade 90% of time. Incision for biopsy should 
be oriented, so that it can be excised during the definitive sur-
gery. Excisional biopsy often contaminates surrounding tissue.

PROGNOSIS
Adverse factors for local recurrence: + margins, >50 years age, JJ

deep location, fibrosarcoma type including desmoid, malignant 
peripheral nerve sheath tumors.
Adverse factors for distant metastasis: high-grade (at 5 years, JJ

<10% for low-grade, 50% for high grade), increasing size, deep 
location, leiomyosarcoma or malignant peripheral nerve sheath 
tumor, high Ki-67.
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X

Histologic Grade (G) (French FNCLCC system preferred)
The FNCLCC grade is determined by three parameters: differen-JJ

tiation (histology specific), mitotic activity, and extent of necrosis
GX Grade cannot be assessedJJ

G1 Grade 1JJ

G2 Grade 2JJ

G3 Grade 3JJ

Note: Kaposi’s sarcoma, fibromatosis (desmoid tumor), and sarcomas 
arising from the dura mater, brain, parenchymatous organs, or hol-
low viscera are not included.

TREATMENT RECOMMENdATIONS

Stage Recommended treatment

I extremity Surgery alone (unless close (<1 cm) or + margin JJ → 
post-op RT). ~5-year LC 90–100%, OS 90%

II–III extremity Surgery + post-op RT or pre-op RT JJ → surgery. 
Consider neoadjuvant/adjuvant chemo for large 
deep high-grade tumors since ~50% develop metas-
tases. ~5-year LC 90%, OS 80% for stage II, 60% for 
stage III. For recurrence, amputation salvages ~75%

IV For controlled primary, with JJ £4 lung lesions and/or 
extended disease free interval, consider surgical 
resection. ~5-year OS ~25%. Otherwise, best sup-
portive care, chemo, and/or palliative surgery or 
RT. ~5-year OS 10%

Retroperitoneal Surgery + IORT (12–15 Gy) JJ → post-op EBRT 
45–50 Gy. Alternatively, pre-op RT +/- chemo → 
resection +/- IORT boost. ~5-year LC 50%, DM 
20–30%, OS 50%

GIST If resectable, surgeryJJ →imatinib (consider observation 
vs. imatinib if completely resected). If marginally or 
unresectable, imatinib→consider surgery→imatinib

Desmoid tumors Surgery. If + margin, post-op RT (50 Gy). If inoper-JJ

able, RT (56–60 Gy). ~5-year LC 60–70%. Consider 
chemotherapy (methotrexate/vinblastine) in certain 
cases as ~1/3 can have stable disease or a response

SURGERy

Prefer wide en bloc resection with JJ ³2 cm margin in all directions.
A radical resection removes entire anatomic compartment JJ

including neurovascular structures (LC >90%).
Wide excision removes cuff of normal tissue (LC 40–70%).JJ
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Excisional biopsy = marginal excision “shellout” of pseudocap-JJ

sule only (LC <20%).
Intralesional biopsy = inside pseudocapsule. Surgical scars should JJ

be oriented longitudinally, so circumferential RT can be avoided.
Clips should be placed for RT planning.JJ

ChEMO
Approximately 50% of patients with high-grade tumors will die JJ

of DM, despite LC of primary.
Most active single chemo agent = anthracycline, ifosfamide JJ

(15–30% response).
Contradictory results in trials comparing single vs. combina-JJ

tion chemo. No clear OS benefit to combination chemo.
Post-op chemo controversial. If used, based on metaanalysis (dox-JJ

orubicin/ifosfamide) or Italian study (epirubicin/ifosfamide).
Consider neoadjuvant chemo JJ → surgery for high-grade or 
unresectable tumors.
Consider checking c-kit level as may respond to imatinib.JJ

STUdIES
POST-OP RT

Pisters et al. (JJ 1996): 160 patients with extremity and superficial 
trunk sarcoma s/p WLE. Randomized to brachytherapy (Ir-192 
42–45 Gy over 4–6d) or observation. RT to tumor + 2 cm mar-
gin. Brachytherapy increased LC for high-grade lesions (65–
90%), but not for low-grade lesions (~70%). No difference in 
DSS (80%) and DM.

JJ NCI (Yang et al. 1998): 140 patients with extremity sarcoma 
treated with WLE. Low-grade randomized to observation vs. 
post-op EBRT. High-grade randomized to post-op chemo vs. 
post-op chemo-RT. RT = large field to 45 Gy → boost to 63 Gy. 
RT increased LC for low-grade (60% vs. 95%) and high-grade 
(75% vs. 100%). No difference in OS (70%) or DMFS (75%).

JJ NCI (Rosenberg et al. 1982): 43 patients with high-grade 
STS of extremity randomized to WLE + post-op RT vs. 
amputation alone. RT = 45–50 Gy to compartment with 
boost to 60–70 Gy. No difference in LC, OS, or DFS. Sixty-
five patients also randomized to WLE + post-op RT ± chemo. 
Chemo decreased LR and increased DFS (60% vs. 90%) and 
OS (75% vs. 95%).
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X

PRE-OP OR POST-OP RT
JJ NCIC (O’Sullivan et al. 2002; Davis et al. 2005): 190 patients 
with extremity STS randomized pre-op RT (50 Gy) vs. post-op 
RT (66 Gy). If +margins, pre-op got 16 Gy boost. No difference 
in LC (93%), DM (25%), and PFS (65%). Initially, better OS 
with pre-op due to deaths other than sarcoma in post-op arm, 
but on 6-year follow-up, no difference in OS. More wound-
healing problems with pre-op (35% vs. 15%), but increased late 
fibrosis with post-op RT (48% vs. 31%, p = 0.07).
Pollack et al. (JJ 1998): Compared patients treated with post-op RT 
(60–66 Gy) or pre-op RT (50 Gy) before excision or reexcision. 
No difference in LC between pre vs. post-op (81%). For patients 
presenting with gross disease, best LC with pre-op RT (88% vs. 
67%). For patients presenting after excision elsewhere, best 
treated with immediate reexcision and post-op RT (LC 91% vs. 
72%). More wound-healing problems with pre-op (25% vs. 5%).

IORT

JJ NCI (Sindelar et al. 1993): 35 patients with resectable retroperi-
toneal STS randomized to surgery + IORT 20 Gy → post-op 
35–40 Gy vs. surgery → post-op 50–55 Gy. No difference in 5-year 
OS (35%), but nonsignificant increase in LC (20% vs. 60%). IORT 
increased neuropathy if >15 Gy, but lower GI complications.
Alektiar et al. (JJ 2000): 32 patients with primary or recurrent ret-
roperitoneal STS treated with surgery + IORT 12–15 Gy → 
post-op EBRT 45–50 Gy. Results: 5-year OS 55%, DMFS 80%, 
LC 62%, 10% neuropathy.
Oertel et al. (JJ 2006): 153 patients with primary or recurrent 
extremity STS treated with limb-sparing surgery + IORT 
10–20 Gy → post-op EBRT 36–50 Gy. Five-year OS 77%, DMFS 
48%, and LC 78%. IORT dose >15 Gy improved LC, but EBRT 
<45 or ³45 Gy not significant for LC. Seventeen percent acute 
wound-healing toxicity.

ChEMO
Metaanalysis update (Pervaiz et al. JJ 2008): 1,953 patients with 
resectable STS treated with WLE ± RT randomized to observa-
tion vs. adjuvant doxorubicin-based chemo. Chemo improved 
LC (absolute 4%), DMFS (9%), RFS (10%), and OS (6%). 
Specifically doxorubicin/ifosfamide improved LC (absolute 5%, 
not significant), DMFS (10%), RFS (12%), and OS (11%).
No trial of pre-op vs. post-op chemo.JJ
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RETROPERITONEAL

Mendenhall ( Cancer 2005): Reviewed literature on retroperito-JJ

neal STS. GTR feasible in ~50–67%, but most patients have 
close/+ margins. Major site of failure is local. With surgery and 
RT, 5-year LC is ~50%, 5-year DM ~20–30%, 5-year OS ~50%. 
Pre-op RT may increase resectability, allow normal tissues to 
be displaced by tumor, and decrease hypoxia. IORT may 
improve LC, but not OS.

RAdIATION TEChNIQUES
POST-OP EBRT

Start 10–20 days after surgery for healing.JJ

4–6 MV for extremities.JJ

Bolus scar and drain sites for first 50 Gy unless in tangential JJ

beam.
Field = tumor bed, scar, drainage sites + 5–7 cm longitudinal and JJ

2–3 cm perpendicular margin in initial field. After 50 Gy, reduce 
field to surgical bed (outlined by clips, scar) + 2 cm margin.
Dose=usually 2 Gy/fx with negative margins or microscopic JJ

residual to 60 Gy, +margins to 66 Gy, gross disease to 75 Gy.
Always spare 1.5–2 cm strip of skin. Try to exclude skin over ant JJ

tibia, if possible, due to poor vascularity.
Never treat whole circumference of extremity to >50 Gy.JJ

Try to spare 1/2 of cross-section of weight-bearing bone, entire JJ

or >1/2 of joint cavities, and major tendons (patellar, Achilles).
IMRT may improve sparing of normal tissues, but careful plan-JJ

ning with adequate margin and close attention to treatment set 
up are required to avoid marginal misses.
Upper inner thigh best treated with frog-leg position.JJ

Buttock/post thigh best treated in prone position.JJ

Nodes: Gross nodes should be resected. No elective nodal JJ

radiation.
For distal extremities, patients often have severe reaction with JJ

pain, edema, erythema. Usually heals within 1 months.

PRE-OP EBRT
Dose = 2 Gy/fx to 50 Gy.JJ

Field = tumor + 5–7 cm longitudinal margin and 2 cm lateral JJ

margin. No conedown.
Surgery 3 weeks after RT.JJ

Boost with EBRT, IORT, or brachytherapy: close/+margins to JJ

65–66 Gy, gross disease to 75 Gy.
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X

POST-OP BRAChyThERAPy
As monotherapy for high-grade tumors with negative surgical JJ

margins: 45–50 Gy.
For low or high-grade tumors with +margin: 20 Gy brachyther-JJ

apy followed by 50 Gy EBRT.
Postoperatively after pre-op EBRT: 12–20 Gy depending on JJ

margin status.
Brachytherapy target: tumor bed + 2 cm longitudinal margin + JJ

1–1.5 cm circumferential margin over 4–6 days.
Catheters placed in OR 1 cm apart. Load catheters on or after JJ

the sixth post-op day to allow time for wound healing.
Do not include scar or drainage site.JJ

IORT
Dose = 12–15 GyJJ

EBRT ALONE
50 Gy to large field, conedown to 60 Gy, then to 75 Gy.JJ

Consider decreasing RT dose by 10%, if doxorubicin given.JJ

Delay RT >3 day from doxorubicin.JJ

Use gonadal shield to preserve fertility.JJ

Physical therapy instituted as early as possible during treat-JJ

ment to improve functional outcome.

dOSE LIMITATIONS
>20 Gy can prematurely close epiphysis.JJ

JJ ³40 Gy ablates bone marrow.
JJ ³50 Gy to bone cortex can cause fracture and healing 
problems.
Exclude joint space after 40–45 Gy to avoid fibrotic JJ

constriction.

COMPLICATIONS
Wound complications 5–15% with post-op RT vs. 25–35% with JJ

pre-op RT.
Abnormal bone and soft-tissue growth and development.JJ

Limb length discrepancy (2–6 cm managed with shoe lift, JJ

otherwise need surgery).
Permanent weakening of affected bone with highest risk for JJ

fracture within 18 month of RT.
Decreased range of motion secondary to fibrosis.JJ
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Lymphedema.JJ

Dermatitis and recall reaction with doxorubicin and dactino-JJ

mycin.
Skin discoloration, telangiectasia.JJ

Five percent patients may develop second malignancy.JJ

FOLLOW-UP
Exam with functional status, MRI of primary, CT chest every 3 JJ

months × 2 year, every 4 months in third year, every 6 months 
in fourth and fifth years, then annually.
Consider bone scan or PET, if clinically indicated.JJ
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Chapter 41

Pediatric (Non-CNS) Tumors

Stuart Y. Tsuji, Linda W. Chan, and Daphne A. Haas-Kogan
Special acknowledgement and thanks to Eric K. Hansen, co-author of the 
first  edition of this chapter.

GENERAL PEARLS
This chapter will discuss Wilms’ tumor, neuroblastoma, rhab-JJ

domyosarcoma, Ewing’s sarcoma, pediatric Hodgkin’s disease, 
and retinoblastoma.
The number one cause of death in children is accidents (44%), JJ

followed by cancer (10%), congenital abnormalities (8%), 
homicide (5%), and heart disease (4%).
Of childhood cancers, leukemias are the most common (~30%, JJ

the majority of which are ALL) followed by CNS neoplasms 
(~20%), lymphomas (~15%, Hodgkin’s > NHL > Burkitt’s lym-
phoma), neuroblastoma (~8%), Wilms’ tumor (~6%), osteosar-
coma (~3%), rhabdomyosarcoma (~3%), non r ha b domyo sarcoma 
soft-tissue sarcomas (~3%), Ewing’s sarcoma (~2%), retino-
blastoma (~2%), and others.
Of pediatric CNS neoplasms, gliomas are most common (low-JJ

grade astrocytomas ~35–50%, brainstem gliomas ~15%, malig-
nant astrocytomas ~10%, optic pathway gliomas ~5%), followed 
by medulloblastoma (~20%), ependymomas (~10%), craniophar-
yngioma (~5–10%), and germ cell tumors (<5%). These are dis-
cussed in (Chapter 2).
Whenever possible, we recommend that children be enrolled in JJ

cooperative group protocols.

WILMS’ TUMOR
PEARLS

Approximately 450 cases per year in the US.JJ

PRESENtAtioN
Presents with abdominal mass, pain, hematuria, HTN, fever, JJ

and/or malaise.
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Seventy-five percent of cases present before age 5. Median age JJ

at diagnosis is 3–4, or 2.5 years for bilateral tumors (only 4–8% 
of cases).
Calcifications are uncommon (10%) in contrast to neuroblas-JJ

toma (90%).

HiStoLoGy
Ninety percent of cases are favorable histology (FH) = no ana-JJ

plastic or sarcomatous components, while 10% are unfavor-
able histology (anaplastic [focal vs. diffuse], clear cell sarcoma, 
or rhabdoid tumor).
Difference between focal and diffuse anaplasia is strongly sig-JJ

nificant for stage II–IV 4-year OS (90–100% vs. 4–55%).
Clear cell sarcoma and rhabdoid tumors may not be true subtypes JJ

of Wilms’ tumor, but they were included in early NWTS trials.

GENEtiCS
Congenital anomalies associated with Wilms’ tumor (~10%) include JJ

WAGR syndrome (Wilms’, aniridia, genitourinary malformations, 
retardation due to del 11p13 and WT1 gene), Denys–Drash syn-
drome (pseudohermaphroditism, renal mesangial sclerosis, renal 
failure due to WT1 gene mutation), and Beckwith–Wiedemann 
syndrome (hemihypertrophy, macroglossia, GU abnormalities, 
gigantism due to 11p15 abnormality near WT2 gene).
FH patients with LOH of 1p and/or 16q have poorer RFS and JJ

OS according to NWTS-5.

WoRKUP
H&P, abdominal US, CT or MRI of primary, CXR and/or CT JJ

chest, CBC, UA, BUN/Cr, LFTs.
For clear cell variant, add bone scan, MRI brain, and bone JJ

marrow aspiration and biopsy (propensity for bone, bone mar-
row, and brain mets).
For rhabdoid variant, may add MRI of brain (because 10–15% JJ

of patients have PNET of cerebellum or pineal regions).
Do not biopsy unless unresectable or bilateral.JJ

StAGiNG

CoG staging system NWtS 3 and 4 10-year oS

I:  Tumor limited to kidney, completely 
resected. Renal capsule intact. Tumor not 
ruptured or biopsied prior to resection. 
Vessels of renal sinus not involved. 
Margins negative

Favorable histology:
I: 97%
II: 93%
III: 90%
IV: 80%
V: 78%

continued
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II:  Tumor extends beyond kidney, but is com-
pletely excised with negative margins. 
Pene tration of renal capsule or extensive 
invasion of the soft tissue of the renal 
sinus or involvement of blood vessels 
within nephrectomy specimen outside 
renal parenchyma, including renal sinus

III:  Abdominal or pelvic LN+; penetra tion of 
peritoneal surface or peritoneal implants; 
+margins (gross or microscopic); unresec-
table due to infiltration of vital structures; 
tumor was biopsied before removal; 
tumor spillage either before or during 
surgery; tumor removed in >1 piece

(Note: Biopsy or tumor spillage confined to 
the flank was formerly stage II in NWTS-5, 
while diffuse peritoneal spillage was stage III.  
All are now classified stage III.)

IV:  Hematogenous mets (except for adrenal 
gland) or LN mets outside of abdomen 
or pelvis

V:  Bilateral renal tumors at diagnosis. Stage 
each side separately

Anaplastic
II–III: 49%
IV: 18%

Clear cell sarcoma 77%

Rhabdoid tumor 28%

tREAtMENt RECoMMENDAtioNS

In the US, the standard is surgery for all cases (when possible). JJ

Ninety to ninety-five percent are resectable at diagnosis. Nodes 
must be sampled; liver and contralateral kidney should be eval-
uated. Perform radical nephrectomy. Clips should be placed in 
residual disease. If unresectable, biopsy, and give neoadjuvant 
therapy → resection if possible.
Chemotherapy agents include vincristine (V), actinomycin (A), JJ

doxorubicin (D), cyclophosphamide (C), etoposide (E), carbo-
platin (P), and irinotecan (I). Actinomycin not given during RT.

tumor risk 
classification

treatment

Very low-risk  
FH

I, <2 years, and tumor <550 g Nephrectomy and 
observation, only if 
central pathology 
review and LN sampling 
performed

Low-risk FH I, ³2 years, tumor ³550 g Nephrectomy → VA.  
No RTII no LOH (both 1p and 16q)

continued
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Standard-
risk FH

I–II with LOH 1p and 16q 
(except very low risk group)

Nephrectomy → VAD. 
No RT

III, no LOH Nephrectomy → RT → 
VAD

IV , no LOH, rapid 
responders of lung mets at 
week 6 from VAD

Nephrectomy → RT → 
VAD. No whole lung 
radiation

Higher-risk  
FH

III with LOH 1p and 16q Nephrectomy → RT → 
VAD/C/E

IV with LOH 1p and 16q IV, 
no LOH, slow responders 
(lung and nonpulm mets)

Nephrectomy → RT → 
VAD/C/E + whole lung 
RT, and RT to mets

High-risk  
UH

I–IV focal anaplasia Nephrectomy → RT → 
VADI diffuse anaplasia

I–III clear cell Nephrectomy → RT → 
alternating VDC/CE

Highest risk II–IV diffuse anaplasia Nephrectomy → RT → 
alternating VDC/CPE → 
RT to mets

IV clear cell
I–IV rhabdoid

Bilateral Wilms: stage each side. Initial nephron-sparing resection 
only if >2/3 of each kidney can be preserved. Otherwise, induction 
chemo → surgery. Flank radiation indicated for I–II FH, only if unre-
sectable disease after chemo, residual tumor, or + margins. Other 
stages including UH, RT given per above.

CoG Rt SUMMARy

General RT points Start RT by day 9 post-op (day of surgery = day 0)
CT plan to contour normal structures, but typically 
treat with APPA fields with 4–6 MV photons
Fraction size is 1.8 Gy (except for whole abdomen 
and whole lung = 1.5 Gy)

Stage I–II FH None

Stage III FH,  
I–III  
focal anaplasia,  
I–II diffuse ana-
plasia, I–III clear cell

10.8 Gy to flank
Whole abdomen RT indicated if diffuse tumor 
spillage, pre-op or intraperitoneal tumor rupture, 
peritoneal tumor seeding, and cytology + ascites. 
Gross residual disease after surgery should receive 
10 Gy boost

Stage III diffuse 
anaplasia, I–III 
rhabdoid

19.8 Gy (infants 10.8 Gy) to flank
Whole abdomen RT indicated if diffuse tumor 
spillage, pre-op or intraperitoneal tumor rupture, 
peritoneal tumor seeding, and cytology + ascites. 

continued
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Gross residual disease after surgery should receive 
10 Gy boost

Recurrent  
abdominal tumor

12.6–18 Gy (for <12 months) or 21.6 Gy, if previous 
RT dose £10.8 Gy. Boost dose up to 9 Gy to gross 
residual tumor after surgery

Lung mets 12 Gy whole lung RT in 8 fx

Brain mets 30.6 Gy whole-brain RT in 17 fx, or 21.6 Gy whole-
brain RT + 10.8 Gy IMRT or stereotactic boost

Liver mets 19.8 Gy whole liver RT in 11 fx

Bone mets 25.2 Gy to lesion + 3 cm margin

Unresected lymph 
node mets

19.8 Gy

tRiALS
JJ NWTS-1 (D’Angio et al. 1976) demonstrated that RT is not needed 
for group 1 patients <2 years if chemo given; there was no radia-
tion dose response seen for 10–40 Gy; RT should be started 
within 9 days of surgery; VCR/AMD is better than either alone 
for groups 2 and 3; pre-op chemo was not helpful in group 4.

JJ NWTS 2 (D’Angio et al. 1981) demonstrated that RT is unneces-
sary for all group I patients; only 6 months of VCR/AMD are nec-
essary for group 1; adding ADR for groups 2 and 3 improved OS.

JJ NWTS 3 (D’Angio et al. 1989, Thomas et al. 1991) demonstrated 
that RT was not necessary for stage II when chemo was given; 
10 Gy (instead of 20 Gy) was adequate for stage III if ADR used; 
only 11 weeks of chemo were necessary for stage I; ADR is unnec-
essary for stage II, but is necessary for stage III; CY did not ben-
efit stage IV.

JJ NWTS 4 (Green et al. 1998) demonstrated that pulse-intensive 
chemo has less hematologic toxicity and is less expensive than 
standard chemo and that it should be used in stage I–IV patients 
with favorable histology.

JJ NWTS 5 (Green et al. JCO 2001; Grundy et al. JCO 2005; Dome 
et al. 2006) investigated treatment of stage I FH patients <2 years 
old with tumor <550 g with nephrectomy alone. Seventy-five 
patients entered, 11 patients relapsed with 2 yr DFS of 87% 
although OS was 100%. Among all FH patients, loss of heterozy-
gosity (LOH) at chromosomes 1p and 16q is associated with 
increased risk of relapse and death. Patients with LOH 16q and/or 
1p need treatment intensification. Stage I UH patients initially 
treated with only VCR/AMD had worse OS and EFS vs.similarly 
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treated stage I FH (83 vs. 98%, 70 vs. 92%).  For Stage II-IV UH, 
addition of etoposide improved OS compared to NWTS 3–4.

RADiAtioN tECHNiQUES
The treatment volume is determined by the pre-op CT/MRI and JJ

includes the kidney and the tumor + 1–2 cm margin.
When crossing midline, treat all of the vertebral body to avoid JJ

scoliosis.
For paraaortic nodes, treat bilateral paraaortic chains to 10.8 Gy.JJ

Whole abdomen RT borders are the dome of the diaphragm JJ

superiorly, the bottom of the obturator foramen inferiorly, and 
flash laterally. The femoral heads are blocked out.
Whole lung RT borders: flash the supraclavicular fossa bilater-JJ

ally, extend 1–4 cm beyond the ribs laterally, and extend below 
the posterior aspect of the diaphragm inferiorly (usually ~L1). 
Patients treated with whole lung RT should receive TMP/SMX 
for PCP prophylaxis.

NWtS-5 DoSE LiMitAtioNS
Opposite kidney: JJ £14.4 Gy.
Liver: 1/2 of uninvolved liver JJ £19.8 Gy. With liver mets 75% of 
liver £30.6 Gy.
Bilateral whole lungs: 9 Gy (age <1.5 years) or 12 Gy (age >1.5 JJ

years).

CoMPLiCAtioNS
Scoliosis, kyphosis, soft-tissue hypoplasia, small bowel obstruc-JJ

tion, iliac wing hypoplasia, liver/kidney hypoplasia, renal failure, 
pneumonitis, congestive heart failure (related to doxorubicin), 
and second malignancy.

NEUROBLASTOMA
PEARLS

Neuroblastoma is the most common extracranial solid tumor in JJ

children and the most common malignancy in infants <1-year 
old. The median age at diagnosis is 17 months.
It arises from primitive neural crest cells of the spinal ganglion, JJ

dorsal spinal nerve roots, and adrenal medulla.
It is one of the small round blue cell tumors (along with lym-JJ

phoma, all –“blastomas,” small cell carcinoma of the lung, 
PNETs/Ewing’s sarcoma, and rhabdomyosarcoma).
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Homer-Wright pseudorosettes are found in 15–50% of cases.JJ

Shimada Classification divides neuroblastoma into favorable JJ

(FH) and unfavorable (UH) histology based on age, amount of 
Schwann cell stroma, nodular vs. diffuse pattern, degree of dif-
ferentiation, and mitotic index.
Cytogenetic abnormalities associated with poorer prognosis JJ

include LOH 1p, N-myc protooncogene amplification, diploid 
tumors (DNA index 1), and increased telomerase activity.
Screening does not change the mortality rate of neuroblas-JJ

toma, as confirmed in international trials. The high spontane-
ous regression rate led to overdiagnosis of clinically insignificant 
disease.
Neuroblastoma most commonly arises in the adrenal gland, JJ

followed by the abdomen and thorax.
Sixty percent of patients <1 year present with localized disease, JJ

while 70% of patients >1 year present with metastases.
London et al. (JJ 2005) retrospectively analyzed 3,666 patients 
on POG and CCG studies from 1986 to 2001 and demon-
strated that the prognostic contribution of age to outcome is 
continuous in nature. A 460-day cutoff was selected to maxi-
mize the outcome difference between younger and older 
patients.
Classic signs include the blueberry muffin sign (nontender blue JJ

skin nodules), raccoon eyes (orbital mets with proptosis and bruis-
ing), and opsoclonus-myoclonus-truncal ataxia (a paraneoplastic 
syndrome of myoclonic jerking and random eye movements that 
is associated with early stage and may persist after cure).

WoRKUP
H & PJJ

Labs include urine catecholamines vanillylmandelic acid, and JJ

homovanillic acid), CBC, BUN/Cr, and LFTs
Imaging includes CT/MRI of primary, MIBG scan, and CXR. If JJ

CXR is +, then order CT chest. The primary is calcified on X-ray  
in 80–90% of cases (vs. 5–10% in Wilms’). Obtain bone scan if 
primary tumor is not MIBG+.
Biopsy the primary or involved nodes.JJ

All patients should have a bilateral bone marrow biopsy and JJ

aspirate.

Note: The International Neuroblastoma Risk Group (INRG) classifica-
tion system is used to develop pretreatment risk stratification to help 
standardize patients enrolled on trial. The International Neuroblastoma 
Staging System ( INSS) is based on surgicopathologic findings.
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iNRG iMAGE DEFiNED RiSK FACtoRS (iDRF)

Ipsilateral tumor 
extension within two 
body compartments

Neck-chest, chest-abdomen, abdomen-pelvisJJ

Neck Encasing carotid and/or vertebral artery, and/JJ

or internal jugular vein. Extending to the 
base of skull. Compressing the trachea

Cervico–thoracic  
junction

Encasing brachial plexus roots. Encasing JJ

sub clavian vessels and/or vertebral and/or 
carotid artery. Compressing the trachea

Thorax Encasing the aorta and/or major branches. JJ

Compressing the trachea and/or principal 
bronchi. Lower mediastinal tumor, infiltrat-
ing the costo-vertebral junction between T9 
and T12

Thoraco-abdominal Encasing the aorta and/or vena cavaJJ

Abdomen/pelvis Infiltrating porta hepatis and/or the JJ

hepatoduo denal ligament. Encasing branches 
of the SMA at the mesenteric root. Encasing 
the origin of the celiac axis, and/or the SMA. 
Invading one or both renal pedicles. Encasing 
aorta and/or vena cava. Encasing iliac ves-
sels. Pelvic tumor crossing the sciatic notch

Intraspinal tumor  
extension whatever  
the location provided 
that

More than one-third of the spinal canal in the JJ

axial plane is invaded and/or the perimedul-
lary leptomeningeal spaces are not visible 
and/or the spinal cord signal is abnormal

Infiltration of adjacent 
organs/structures

Pericardium, diaphraghm, kidney, liver, duo-JJ

deno-pancreatic block, and mesentery

Conditions to be  
recorded, but not  
considered IDRFs

Multifocal primary tumors. Pleural effusion, JJ

with or without malignant cells. Ascites, with 
or without malignant cells

iNtERNAtioNAL NEURoBLAStoMA RiSK  
GRoUP StAGiNG SyStEM

L1 Localized tumor not involving vital structures as defined by the 
list of IDRFs and confined to one body compartment

L2 Locoregional tumor with the presence of one or more image-
defined risk factors

M Distant metastatic disease (except stage MS)

MS Metastatic disease in children <18 months with metastases 
confined to skin, liver, and and/or bone marrow
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Five-year EFS cutpoints for the INRG pretreatment risk groups:JJ

Very low: >85%JJ

Low: 75–85%JJ

Intermediate: 50–75%JJ

High: <50%JJ

iNSS StAGiNG

1:  Localized tumor with GTR ± microscopic residual. Adherent LN 
may be + but nonadherent ipsilateral LN−

2A:  Localized tumor with incomplete gross resection, and ipsilateral 
nonadherent nodes negative

2B:  Localized tumor with ipsilateral nonadherent LN+, but contralateral 
nodes negative

3:  Unresectable tumor, tumor extends across midline (defined as opposite 
side of vertebral body), contralateral LN+, or a midline tumor with 
bilateral extension

4:  Metastases to distant lymph nodes, bone, bone marrow, liver, skin, 
or other organs

4S:  Age <1 year with an otherwise 1–2B primary tumor with metastases 
limited to skin, liver, and/or <10% of bone marrow. (MIBG scan, if 
performed, should be negative in bone marrow)

COG risk groups (based on INSS stage)
Low risk (3 year OS >90%)
 Any stage I
 Stage 2 <1 year
 Stage 2 >1 year without N-myc amplification
 Stage 2 >1 year with N-myc amplification and FH
  Stage 4S <1 year without N-myc amplification, with FH and 
hyperdiploid

Intermediate risk (3-year OS 70–90%)
Stage 3 <1 year without N-myc amplification
Stage 3 >1 year without N-myc amplification with FH
Stage 4 <18 months without N-myc amplification
Stage 4S <1 year without N-myc amplification, with UH or diploid

High risk (3-year OS 30%)
Stage 2 >1 year with N-myc amplification and UH
Stage 3 <1 year with N-myc amplification
Stage 3 >1 year with N-myc amplification, or UH
Stage 4 <18 months with N-myc amplification
Stage 4 ³18 months
Stage 4S <1 year with N-myc amplification
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tREAtMENt RECoMMENDAtioNS

Risk group Recommended treatment

Low risk Surgery JJ → observation if GTR. If STR, unresect-
able, or recurrence after GTR → chemo for 6–12 
weeks. Chemo regimens consist of carboplatin, 
VP-16, CY, and/or ADR. However, if patient has 
severe symptoms from spinal cord compression, 
respiratory compromise, or GI/GU obstruction, 
give immediate chemo → surgery
RT (1.5/21 Gy) is used for symptoms that do not JJ

respond to chemo or for massive hepatomegaly caus-
ing respiratory distress (1.5/4.5 Gy). RT also used for 
rare local recurrences after chemo and surgery
For clinically-stable stage 4S low-risk patients, JJ

observe after biopsy unless massive hepatomegaly 
causes respiratory distress (then treat with 
chemo ± RT). Biopsy only is necessary as resection 
does not affect outcome

Intermediate risk Maximal safe resection with lymphadenectomy JJ → 
chemo for 12–24 weeks depending on biology. 
Chemo regimens consist of carboplatin, VP-16, 
CY, and/or ADR. Unresectable tumors may require 
pre-op chemo to convert them to resectable status
If PR to chemo JJ → second look surgery. If viable 
residual disease present → RT to primary + 2 cm 
margin (1.5/24 Gy). If stage 4S with respiratory 
distress → RT to liver (1.5/4.5 Gy). Radiation con-
troversial in intermediate-risk disease

High risk High-dose chemo (same drugs often with ifosf-JJ

amide and cisplatin) → attempt maximal safe 
resection. After surgery → high-dose chemo and 
ABMT. All patients then get RT (1.8/21.6 Gy) to the 
postchemo presurgical extent of tumor +2 cm 
margin → cis-retinoic acid for 6 months. If avail-
able, IORT may be used at the time of operation, 
although this is not standard-of-care

StUDiES
LoW RiSK

JJ POG 8104 (Nitschke et al. 1988) treated 101 patients with POG 
A (INSS 1) disease with gross total resection → observation, 
and 2-year DFS was 89%.

JJ CCG 3881 (Perez et al. 2000) treated 374 patients with Evans I–II 
(INSS 1–2B) with surgery alone (unless spinal cord  compression 
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when RT allowed). For stage I, 4-year EFS and OS were 93 and 
99%, and for stage II, they were 81 and 98%, respectively. 
Recurrences were managed successfully with surgery or multi-
modality therapy. Identified stage II patients with N-myc ampli-
fication or ³2 years with either UH or + lymph nodes as patients 
at higher risk of death with surgery alone.

iNtERMEDiAtE RiSK
JJ Castleberry, POG (Castleberry et al. JCO 1991) randomized 62 
patients >1 year with POG C (INSS 2B-3) to post-op chemo 
±concurrent RT → second look surgery → chemo. RT was to the 
primary and regional nodes (1.5/24 Gy for <2 years or 1.5/30 Gy 
for >2 years). Chemo-RT improved DFS (31→58%) and CR rate 
(45 → 67%).

JJ POG 8742 and 9244 (Eur J Cancer 1997) treated 49 patients >1 
year with INSS 2B-3 with surgery → chemo × 5c → second look 
surgery → RT for viable residual tumor → chemo-RT was 1.5/24 Gy 
for age 1–2 year, 1.5/30 Gy for age >2 year. Two-year EFS was 85% 
after GTR vs. 70% after STR, and 92% for FH vs. 58% for UH.

HiGH RiSK
JJ CCG 3891 (Matthay et al. 1999, Matthay 2009; Haas-Kogan  
et al. IJROBP 2003) treated 539 high-risk patients with chemo × 5 
months → surgery (+ 10 Gy RT for gross residual disease), and 
then randomized them to myeloablative chemo, 10 Gy TBI, and 
ABMT vs. intensive chemo without TBI. If patients were dis-
ease-free, they were randomized to observation vs. 6 months of 
cis-retinoic acid. ABMT + TBI improved 5-year EFS (19 → 30%), 
and cis-retinoic acid trended toward an improved 5-year EFS 
(31→42%). There was a trend toward improved OS for both.

RADiAtioN tECHNiQUES
SiMULAtioN AND FiELD DESiGN

CT and/or MRI used for planning 3DCRT or IMRT plans.JJ

Treat the postchemo presurgical tumor extent with a 2 cm mar-JJ

gin. If lymph node involvement suspected or proven, cover pri-
mary + immediately adjacent nodal drainage areas. Do not give 
elective nodal RT because of morbidity.
Always cover the full width of vertebrae to avoid scoliosis.JJ

After induction chemo, give RT to metastases if persistent active JJ

disease.
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DoSE PRESCRiPtioNS
Intermediate risk = 1.5/24 Gy (controversial)JJ

High risk = 1.8/21.6 GyJJ

4S liver involvement = 1.5/4.5 GyJJ

DoSE LiMitAtioNS
Contralateral kidney: JJ ³80% of volume <12 Gy
Liver: JJ ³50% of volume <9 Gy, ³2/3 of volume <15 Gy, or ³75% 
of volume <18 Gy
Lung: >2/3 of volume <15 GyJJ

CoMPLiCAtioNS
Disturbances of growth, infertility, neuropsychological seque-JJ

lae, endocrinopathies, cardiac effects, pulmonary effects, blad-
der dysfunction, second malignancy.

RHABDOMYOSARCOMA
PEARLS

Rhabdomyosarcoma accounts for ~3% of childhood cancers.JJ

The most common primary sites are the head and neck JJ

[40% = parameningeal (25%), orbit (9%), nonparameningeal 
sites (6%)], genitourinary tract (30%), extremity (15%), and 
trunk (15%).
Primary sites are categorized as favorable or unfavorable (see JJ

table below).
Most cases are sporadic, but predisposing conditions include JJ

Li-Fraumeni syndrome (germline p53 mutation), neurofibroma-
tosis type 1, and Beckwith–Wiedemann syndrome (more com-
monly associated with Wilms’ tumor).
The classic histologic subtypes include: embryonal (60–70%), JJ

alveolar (20–40%), botyroid (10%), undifferentiated (5%), and 
spindle cell (<5%).
Embryonal tumors, typically arise in the orbit, head and neck, JJ

or the genitourinary tract.
Botyroid tumors arise in the vagina, bladder, nasopharynx, and JJ

biliary tract.
Spindle cell tumors are most frequently observed in the parat-JJ

esticular site.
Alveolar tumors most commonly arise in the extremity, trunk, JJ

or retroperitoneum of adolescents.
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Positive prognostic histologic subtypes include botyroid (95% JJ

OS) and spindle cell (88% OS). Embryonal is an intermediate 
prognostic subtype (OS 66%). Poor prognostic subtypes include 
alveolar (OS 54%) and undifferentiated (OS 40%).
Embryonal is associated with LOH on 11p15.5.JJ

Seventy percent of alveolar cases are associated with t(2;13) JJ

and 20% with t(1;13). The involved genes include FKHR (on 
chromosome 13), PAX3 (on chromosome 2), and PAX7 (on 
chromosome 1).

WoRKUP
H&P: EUA may be needed. Cystoscopy should be performed JJ

for GU sites.
Labs include CBC, LFTs, BUN/Cr, LDH.JJ

Imaging includes CT/MRI of primary, CT of chest and abdo-JJ

men, bone scan.
If parameningeal site JJ → lumbar puncture with cytology → 
if + → neuraxis MRI.
Bone marrow biopsy.JJ

StAGiNG

iRS preoperative staging system (dictates chemo)
Stage 1: Favorable site, any T, N0-1, M0
Stage 2: Unfavorable site, T1a/T2a, N0M0
Stage 3: Unfavorable site, T1b/T2b, N0M0, or any T, N1M0
Stage 4: Any M1

Favorable sites: Orbit, nonparameningeal H&N (scalp, parotid, OPX, 
oral cavity, larynx), GU nonbladder-prostate (paratestes, vagina, vulva, 
uterus), biliary tract.
Unfavorable sites: Parameningeal (NPX, nasal cavity, paranasal sinuses, 
middle ear, mastoid, pterygopalatine fossa, infratemporal fossa), bladder, 
prostate, extremity, other (trunk, retroperitoneum)

T1: Tumor is confined to site/organ of origin (a £5 cm, b >5 cm)
T2: Tumor extends beyond site/organ of origin (a £5 cm, b >5 cm)
N1: Regional lymph node involvement
M1: Distant metastases at diagnosis

iRS surgical-pathologic grouping system (dictates Rt)
I: Localized disease, completely resected (~13% of all patients)
 A: Confined to organ or muscle of origin
 B: Infiltration outside organ or muscle of origin
II: Gross total resection (~20% of all patients)
 A: Microscopic residual disease, but no regional LN involvement
 B: Resected regional LN
 C: Both microscopic residual disease and resected regional LN

continued
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III:  Incomplete resection with gross residual disease (~48% of all 
patients)

 A: Due to biopsy
 B: After major resection (>50%)
IV: Distant metastases at diagnosis (~18% of all patients)

IRS risk groups
Low risk: Localized embryonal or botyroid histology at favorable sites 
(stage 1, Groups I–III) or at unfavorable sites with completely resected 
or microscopic residual disease (stages 2–3, Groups I–II).
Intermediate risk: Embryonal or botyroid histology at unfavorable sites 
with gross residual disease (stages 2–3 Group III); patients 2–10 years 
with metastatic embryonal histology (stage 4); nonmetastatic alveolar 
or undifferentiated histology (stages 1–3).
High risk: Any stage 4/Group IV (except for patients 2–10 years with 
embryonal histology).

~3-year oS by  
risk group

Low >90–95%
Intermediate: 55–70%
High 30–50%

~5-year oS  
by histology

Botyroid 95%
Spindle cell 88%
Embryonal 66%
Alveolar 54%
Undifferentiated 40%

~5-year oS by site

Orbit >90%
Parameningeal 75%
H&N nonparamen: 80%
Bladder/prostate 82%
Paratesticular 69–96%
Gynecologic sites 
90–98%
Extremity 70%

iRS-V tREAtMENt

Stage/group iRS-V treatment

All patients require multimodality therapy consisting of surgery (if possible) 
followed by chemo ±RT. Treatment is based on stage, group, and primary 
site. Chemotherapy agents include VCR, AMD, CY, topotecan, and irinotecan. 
VA = VCR/AMD. VAC = VCR/AMD/CY. VTC = VCR/topotecan/CY. VCPT = VCR/
irinotecan

Low risk

Stage 1–3 Group I Surgery JJ → chemo (VA or VAC). No RT

Stage 1 Group II Surgery JJ → chemo (VA) + RT at week 3 (36 Gy for 
N0 or 41.4 Gy for N1)

Stage 1 Group 
III

Surgery (biopsy only for orbit) JJ → chemo (VA) + RT 
(50.4 Gy except for orbit which is 45 Gy). Most get RT 
at week 3, but primary sites at vulva, uterus, biliary 
tract, and certain nonparameningeal H&N get RT at 
week 12 to allow for possible second look surgery. 
Vaginal primaries get RT at week 12 (N1) or 28 (N0)

continued
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Stage 2 Group II Surgery JJ → chemo (VAC) + RT at week 3 (36 Gy)
Stage 3 Group II Surgery JJ → chemo (VAC) + RT at week 3 (36 Gy for 

N0 or 41.4 Gy for N1)

Intermediate risk
Embryonal 
stages 2–3, 
Group III; 
embryonal stage 
4, age 2–10 
years; alveolar/
undiff stages 1–3

Surgery JJ → chemo (VAC or VAC alternating with 
VTC). At week 12, perform second look surgery or 
definitive RT if unresectable. Definitive RT dose at 
week 12 is 50.4 Gy. If second look surgery per-
formed, post-op RT is given at week 15. Post-op RT 
doses depend on site, and are 0–36 Gy for complete 
resection, 36 Gy for microscopic residual and N0, 
41.4 Gy for microscopic residual and N1, and 
50.4 Gy for gross residual

High risk Chemo (VCPT JJ → VAC or VAC alternating with VCPT 
depending on response). RT is given at week 15 to 
primary and metastatic sites, except for patients with 
intracranial extension, spinal cord compression, or 
patients requiring emergency RT (day 0). Definitive 
RT dose is 50.4 Gy except for the orbit which is 45 Gy. 
If second look surgery is performed, post-op RT doses 
are 36 Gy for complete resection, 36 Gy for micro-
scopic residual and N0, 41.4 Gy for microscopic 
residual and N1, and 50.4 Gy for gross residual

Site-specific recommendations

Orbit Only a biopsy is required to establish diagnosis JJ → 
chemo → RT. RT is to the tumor + 2 cm margin. 
Dose depends on stage and group as above (45 Gy 
for stage 1 Group III). Orbital exenteration is 
reserved for salvage

Head and neck 
(nonpara-
meningeal sites)

Follow stage/group guidelines above. For Group JJ

III, perform second look surgery or definitive RT if 
unresectable at week 12. Post-op dose is 36 Gy for 
complete resection and microscopic residual N0, 
41.4 Gy for microscopic residual and N1, and 
50.4 Gy for gross residual

Parameningeal  
sites

If intracranial extension or cranial neuropathy JJ

present, RT is given first. Otherwise, RT is given at 
week 12 or week 15 if second look surgery. For 
focal intracranial extension, include a 2 cm mar-
gin. If extensive intra cranial involvement, treat 
with whole cranial RT

Biliary tract Follow stage/group guidelines above. For Group JJ

III, perform second look surgery or definitive RT if 
unresectable at week 12. Post-op dose is 36 Gy for 
complete resection and microscopic residual, and 
50.4 Gy for gross residual

continued
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Extremity Wide local excision with en bloc removal of a cuff JJ

of normal tissue with nodal sampling → chemo → 
local treatment as described in stage/group guide-
lines above

Trunk, 
retroperitoneum, 
perineum, GI

Follow stage/group guidelines aboveJJ

Bladder/prostate Follow stage/group guidelines above. Because one JJ

goal is bladder preservation, an initial biopsy is 
often performed rather than surgery → chemo + RT 
→ surgery for residual disease

Paratesticular Inguinal orchiectomy with resection of entire sper-JJ

matic cord and ipsilateral lymph node dissection 
including high and low infrarenal and bilateral 
iliac nodes (except Group I patients). If scrotal vio-
lation, give RT to hemiscrotum. Contra lateral tes-
ticle can be transposed into thigh prior to RT and 
later reimplanted. RT dose depends on stage and 
group as above (50.4 Gy for stage 1 Group III)

Uterus, cervix Follow stage/group guidelines above. For Group JJ

III, perform second look surgery or definitive RT if 
unresectable at week 12. Post-op RT doses are 0 for 
completely resected N0, 41.4 Gy for completely 
resected N1, 36 Gy for microscopic residual and 
N0, 41.4 Gy for microscopic residual and N1, and 
50.4 Gy for gross residual

Vulva Follow stage/group guidelines above. For Group JJ

III, perform second look surgery or definitive RT if 
unresectable at week 12. Post-op RT doses are 
36 Gy for complete resection and microscopic 
residual N0, 41.4 Gy for microscopic residual and 
N1, and 50.4 Gy for gross residual

Vagina Follow stage/group guidelines above, but local JJ

treatment is at week 12 (N1) or 28 (N0) → reassess 
with biopsy. If biopsy negative, no further local 
treatment. If + biopsy → resect or RT if unresect-
able. Definitive RT doses are 36 Gy for Group II 
N0, 41.4 Gy for Group II N1, and 50.4 Gy for Group 
III. Post-op RT doses are 0 for complete resection, 
36 Gy for microscopic residual and N0, 41.4 Gy for 
microscopic residual and N1, and 50.4 Gy for gross 
residual
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iRS Vi tREAtMENt (iRS Vi tRiAL CURRENtLy oPEN)

Stage/group iRS-Vi treatment

All patients require multimodality therapy consisting of surgery (if 
possible) followed by chemo ± RT. Chemotherapy agents include VCR, 
AMD, CY, irinotecan, Doxo, Etoposide

Overall IRS VI 
summary

Chemo
Low risk: VAC × 22–46 weeks (46 weeks for stage JJ

III or Group III nonorbit)
Intermediate-risk (all alveolar, Group III unfa-JJ

vorable embryonal): VAC vs. VAC/VI × 42 weeks
High risk (met): Alternating between: V/JJ

Irinotecan, VDC, IE, and VAC

Timing of RT
Direct extension into brain or cord compression JJ

or loss of vision: day 0
Intermediate-risk (Group III unfavorable sites JJ

and all alveolar): Week 4
Low risk: week 13JJ

Base of skull invasion or CN palsy: week 15JJ

High risk (metastatic): week 20JJ

Vagina Group II–III: week 25JJ

AMD is given just before, but not during RT. No JJ

doxo during RT

RT volumes
GTV = prechemo, presurgical tumor and mets at JJ

diagnosis
CTV = GTV + 1 cm. If planning 50.4 Gy, cone-JJ

down to GTV + 0.5 cm after 36–41.4 Gy
If LN+, include entire LN chainJJ

For orbit, CTV does not extend beyond bony JJ

orbit
If pushing border, do not need to cover displaced JJ

normal tissues that return to normal position 
after chemo. Do include entire pretreatment 
extent of disease
PTV = CTV + 0.5 cmJJ

RT dose
Stage 1–3 Group I = No RT, except JJ

alveolar  = 36 Gy
Stage 1–3 Group II = 36 Gy N0, 41.4 Gy N+JJ

Stage 1 Group III = 45 Gy (orbit only). Otherwise, JJ

50.4 Gy
IV = 50.4 Gy unless resected initially, as above. If JJ

second look surgery-margin, 36 Gy
If >1 lung met = whole lung RT 1.5/15 GyJJ

continued
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RT dose limitations
Optic nerve/chiasm: 46.8 GyJJ

Lacrimal gland: 41.4 GyJJ

Small bowel, spinal cord: 45 GyJJ

Lung: <50% >18 GyJJ

Kidney: <14.4 GyJJ

Liver: Whole <23.4 GyJJ

Heart Whole <30.6JJ

Low risk
Stage 1 Group I–III
Stage 2 Group I–II
Stage 3 Group I–II

All patients get surgery first (except orbit and JJ

vagina biopsy only) → VAC chemo × 22–46 
weeks; 46 weeks chemo is given for stage III or 
Group III nonorbit

Timing of RT
RT at week 13 for most patients, except Group I JJ

disease or node-negative Group III uterine/cer-
vix primaries that are completely resected at 
week 13 (who do not receive RT), and patients 
with node-negative vaginal primaries (who 
begin RT following surgery at week 24)
Patients with Group III disease may undergo JJ

second look surgery at week 13, followed by 
response-adjusted RT dosing (see Appendix VI 
of ARST 0331 protocol)

Volumes
GTV = prechemo, presurgical tumor at JJ

diagnosis
CTV = GTV + 1 cm. If Group III and CR to chemo, JJ

give 36 Gy to 1 cm margin, then conedown to 
0.5 cm margin to complete 50.4 Gy. If LN+, include 
entire LN chain. There are special modifications 
of GTV and CTV for certain sites (see protocol).
PTV = CTV + 0.5 cmJJ

Dose
Stage 1–3 Group I = No RTJJ

Stage 1–3 Group II = 36 Gy N0, 41.4 Gy N+JJ

Stage 1 Group III = 45 Gy (orbit only). Otherwise, JJ

50.4 Gy

Intermediate risk
Stage 2–3, Group 
III embryonal 
unfavorable site;
Nonmetastatic, 
Group I–III 
alveolar

Surgery JJ → chemo × 42 weeks (randomized to 
VAC vs. VAC alternating with VI for total of 14 
cycles)

Timing of RT
Simulation before week 4, RT begins at week 4JJ

Symptomatic spinal cord compression RT may JJ

begin during week 1
No second look surgery for unfavorable site JJ

Group III or alveolar

continued
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Volumes
Same as low riskJJ

Dose
Stage 1–3 Group I alveolar = 36 GyJJ

Stage 2–3 Group II = 36 Gy N0, 41.4 Gy N+JJ

Group III = 45 Gy (orbit only). Otherwise, JJ

50.4 Gy. For patients receiving total dose of 
50.4 Gy, conedown is permitted after 36 Gy. 
Volume reduction not recommended for inva-
sive tumors

High risk 
(metastatic 
patients, 
patients with 
parameningeal 
paraspinal, or 
intracranial 
extension)

Chemo for 51 weeks (Alternating between: V/
Irinotecan, VDC, IE, and VAC)

Timing of RT
RT begins at week 20 to the primary and meta-JJ

static sites
ExceptionsJJ

Intracranial extension consisting of direct 
extension into the brain, or emergent RT for 
spinal cord compression or loss of vision begin 
week 1 day 0, with RT to other metastatic sites at 
week 20
Volumes

Same as low-risk, include all sites of metastasesJJ

Patients with >1 lung met or pleural effusion JJ

receive bilateral whole lung RT
Dose

All patients 50.4 Gy to primary and met sitesJJ

Orbit limited to 45 GyJJ

Whole lung RT for >1 met = 1.5/15 Gy. Boost JJ

residual if possible to 50.4 Gy
If initial surgery, resected margins negative, JJ

embry onal = 0 Gy, alveolar = 36 Gy. Microscopic 
residual LN− 36 Gy, microscopic residual 
LN + 41.4 Gy
If second look surgery, same except all patients JJ

with neg margins get 36 Gy

tRiALS
JJ IRS-I (Maurer et al. 1988): 1972–1978, 686 patients. All patients 
got chemo for 2 years. RT was given initially for groups I and 
II, and at week 6 for groups III and IV. RT dose was 40–60 Gy 
(<3 years = 40 Gy; <6 years and <5 cm = 50 Gy; >6 years or 
>5 cm = 55 Gy; >6 years and >5 cm = 60 Gy). Group I patients 
randomized to RT vs. no RT and no difference in OS/DFS for 
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embryonal/botyroid. However, there was a benefit of post-op 
RT for Group I alveolar/undifferentiated histologies. Orbit and 
GU sites had the best prognosis, and retroperitoneal and alveo-
lar histology had the worst prognosis. DM was much more 
common than LF.

JJ IRS-II (Maurer et al. 1993): 1978–1984, 990 patients. RT was 
modified from IRS-I as follows: RT given at week 0 for Group II, 
and week 6 for Groups III and IV. RT was to the tumor + 5 cm 
margin. Patients with CN palsies, base of skull (BOS) involve-
ment, or intracranial disease got whole-brain RT ±intrathecal 
chemo to prevent meningeal relapse (improved from IRS-I). RT 
doses were: Group I = 0; Group II = 40–45 Gy; Group III = 
40–45 Gy if <6 years and <5 cm, 45–50 Gy if >6 years or >5 cm, 
or 50–55 Gy if both. LC for all patients receiving >40 Gy was 
93%. LC for Groups I and II was 90 vs. 80% for Group III. Worse 
LC and OS for patients with unfavorable histology and tumors 
>5 cm. Local-regional relapse was more common than distant 
relapse except for stage IV patients.

JJ IRS-III (JCO 1995): 1984–1991, 1,062 patients. All patients got 
post-op RT except Group I favorable histology and Group III 
special pelvic sites in CR after chemo. RT was given at day 0 for 
CN palsy, BOS erosion, intracranial extension; week 2 for 
Group II favorable sites and Group III orbit and H&N; other-
wise RT at week 6. RT was to tumor + 2 cm. RT doses were: 
Group I unfavorable site or Group II = 41.4 Gy. Group III = 
41.4 Gy if <6 years and <5 cm, 50.4 Gy if ³6 years and ³ 5 cm; 
45 Gy for older children or large tumors. Five-year OS was 
superior in IRS-III (71%) compared to IRS-II (63%) and IRS-I 
(55%). LC was 90% for Group I and II patients, but only ~80% 
for Group III.

JJ IRS-IV (JCO 2001, Breitfeld et al. 2001): 1991–1997, 1,000 
patients. Pretreatment staging assigned chemo, and clinical 
grouping assigned RT. Most patients got surgery → chemo day 
0 → RT at week 9. RT was given at day 0 for CN palsy, BOS ero-
sion, or intracranial extension; at week 3 for orbit and parates-
ticular; at week 18.5 for stage 4. RT was to the presurgery, 
prechemo tumor + 2 cm. Whole-brain RT omitted for patients 
with parameningeal primaries except when CSF+. Group I 
stages I–II did not get RT. Group I stage III and all Group II got 
41.4 Gy. All Group III got 50.4 Gy in qd fractions vs. 1.1 Gy 
b.i.d. to 59.4 Gy. Orbital tumors were usually Group III due to 
biopsy only, so got 50.4 Gy.
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Group/stage treatment 3-year oS Findings

I para-
testicular

VA 90% No difference from IRS III

I orbit VA 100% No difference from IRS III

II orbit VA + RT 100% No difference from IRS III

I, Stage 1–2 VAC vs. VAI 
vs. VIE; no RT

84–88% No difference between 
chemo regimens

I, Stage 3;  
all II

VAC vs. VAI 
vs. VIE + RT

84–88% No difference between 
chemo regimens

III VAC vs. VAI 
vs. VIE, + RT 
(qd vs. b.i.d.)

72–83%  
(3-year FFS)

No difference between 
chemo regimens. b.i.d. RT 
did not improve LC (~87%) 
or OS vs. qd RT

IV VM vs. IE → 
VAC, + RT

27 vs. 55% IE improved FFS, OS vs. 
VM chemo

JJ COG D9803 Intermediate-risk protocol (IRS-V) (Arndt, JCO 2009): 
617 patients with intermediate-risk disease randomized to 39 
weeks of VAC vs. VAC alternating with VTC. Local therapy after 
week 12 (see IRS-V treatment description above). Patients with 
parameningeal disease with intracranial extension received VAC 
and immediate RT. Treatment strata: stage 2/3 group III embryo-
nal (33%), group IV embryonal <10 years (7%), stage 1 group I 
alveolar or undifferentiated (17%), alveolar or undifferentiated 
(27%), parameningeal extension (16%). No significant difference 
in 4-year FFS (73% VAC vs. 68% VAC/VTC) across risk groups or 
in frequency of second malignancies. No difference in 4-year LF 
(16.5–18.5%), regional failure (4.5–4.8%), or DM (10.5–13%).

RADiAtioN tECHNiQUES
SiMULAtioN AND FiELD DESiGN

Many patients may require pediatric anesthesia.JJ

Excellent immobilization is required and 3DCRT and/or IMRT JJ

is encouraged to limit doses to normal structures.
In IRS-V RT, volumes are to the initial prechemo, presurgical JJ

tumor + 2 cm margin. Involved lymph nodes are included in the 
RT field, but prophylactic RT is not used. For Group III patients 
requiring 50.4 Gy, the volume is reduced to the prechemo, pre-
surgical tumor + 0.5 cm margin at 36 Gy for N0 patients or at 
41.4 Gy for N1 patients.
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The timing of RT is described in the IRS-V treatment summary JJ

table above.
Doses are 1.8 Gy/fraction to 36, 41.4, or 50.4 Gy.JJ

Dose limitations are as follows: kidney <14.4 Gy, whole liver JJ

<23.4 Gy, bilateral lungs <15 Gy in 1.5 Gy fractions, optic nerve 
and chiasm <46.8 Gy, spinal cord <45 Gy, GI tract <45 Gy, whole 
abdomen 24 Gy in 1.5 Gy fractions, heart <30.6 Gy, lens <14.4 Gy, 
lacrimal gland and cornea <41.4 Gy.
The ovaries should be shielded, or moved in girls with pelvic JJ

primaries.
The normal testicle can also be transposed prior to RT and later JJ

reimplanted.

CoMPLiCAtioNS
Complications are site dependent.JJ

Chemo complications include nausea, vomiting, mucositis, alo-JJ

pecia, and hematopoietic suppression. Ifosfamide and etopo-
side can cause renal and electrolyte imbalance. CY can cause 
hemorrhagic cystitis. ADR can cause cardiomyopathy. Cisplatin 
can cause hearing impairment. Topoisomerase inhibitors can 
cause second malignancies, particularly AML.
AMD and ADR can accentuate radiation “recall” reaction if JJ

given during or immediately after RT.

FoLLoW-UP
H&P and CXR every 2 months for first year with repeat imag-JJ

ing studies that were + at diagnosis every 3 months, then H&P 
and CXR every 4 months for second and third years, H&P 
annually for 5–10 years, and annual visit or phone contact after 
10 years.

EWING’S SARCOMA
PEARLS

Approximately 200 cases per year in the U.S. Put this on its JJ

own bullet Ewing’s sarcoma is the second most common bone 
cancer of children (osteosarcoma is #1). Boys are affected more 
than girls (1.5–2:1). The median age at presentation is 14 years 
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(usually 8–25 years). Ewing’s sarcoma is rare in African 
Americans and Asians.
Ewing’s sarcoma commonly presents in the lower extremity JJ

(femur 15–20%, more common than tibia or fibula 5–10%), pel-
vis (20–30%), upper extremity (humerus 5–10%), ribs (9–13%), 
and spine (6–8%).
Seventy-five to eighty percent of patients present with localized JJ

disease; 20–25% have metastases to lung, bone, or bone mar-
row. Nearly all patients have micromets at diagnosis, so all 
need chemo.
Ewing’s family of tumors includes Ewing’s sarcoma (bone – JJ

87%), extraosseous Ewing’s sarcoma (8%), peripheral PNET 
(5%), and Askin’s tumor (PNET of chest wall).
More than 90% of patients have t(11;22) [or t(21;22)] involving JJ

the EWS gene on chromosome 22. The c-myc protooncogene is 
frequently expressed in Ewing’s (whereas n-myc is often ampli-
fied in neuroblastoma).

WoRKUP
H&P. Labs include CBC, LFTs, LDH, and ESR.JJ

X-rays of the primary frequently show a moth-eaten lesion in JJ

the diaphysis. Lytic lesions are more common than blastic, and 
“onion-skinning” may be present for subperiosteal lesions.
CT and/or MRI of primary, bone scan, CT chest, ±PET scan.JJ

Biopsy the lesion and obtain a bone marrow biopsy.JJ

Negative prognostic factors include metastases, pelvic or trun-JJ

cal primaries, proximal (vs. distal) extremity primaries, large 
tumors (>8 cm or >100–200 ml), age >17 years, high LDH or 
ESR, poor response to induction chemo, and no surgery.

StAGiNG
There is no uniform staging system for Ewing’s sarcomas. The JJ

AJCC staging systems for bone or soft-tissue sarcomas may be 
used. Please refer to the chapters on bone tumors (Chapter 39) 
and soft-tissue sarcomas (Chapter 40) for more details on 
staging.
For localized disease, 5-year OS is ~60–70%.JJ

For patients with lung/pleural mets only, cure rates are ~30%.JJ

For patients with bone/bone marrow mets, cure rates are JJ

~15%.
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For patients with both lung and bone/bone marrow mets, cure JJ

rates are <15%.
Local treatment alone without chemo cures only ~10%.JJ

Local failure rates after definitive RT for Ewing’s sarcoma JJ

generally range from ~10–25%, and are correlated with prog-
nostic factors (above) such as site (extremity lesions LF 5–10% 
vs. pelvic lesions LF 15–70%) and size (<8 cm LF 10% vs. 
>8 cm LF 20%).

tREAtMENt RECoMMENDAtioNS
Induction chemo (VDC(A) alternating with IE) × 48 weeks JJ → 
local treatment (surgery or RT) at week 12 with concurrent 
multiagent VDC chemo often given → adjuvant chemo. 
Response rate to initial chemo is up to 90%.

Chemo agents = vincristine (V), doxorubicin (D), cyclophos-JJ

phamide (C), actinomycin-D (A), ifosfamide (I), and etopo-
side (E).
Current Euro-Ewing 99 trial (JJ European portion of study ran-
domized all patients, COG portion studying patients with iso-
lated pulmonary mets only): VIDE chemo q3 week × 6c → 
local therapy at week 18 → VAI or VAC chemo × 8c or 
busulfan–melphalan.

Limb-salvage surgery is preferred over amputation. Adequate JJ

margins for surgery are: >1 cm for bone, >0.5 cm for soft tis-
sue, and >0.2 cm for fascia.
Post-op RT is given for gross residual disease (55.8 Gy) JJ

or + microscopic margins (45 Gy, as per EICESS-92 trial). 
Consider post-op RT if poor histologic response to induction JJ

chemo in resected specimen.
Definitive RT is used for skull, face, vertebra, or pelvic prima-JJ

ries and for unresectable disease. The RT dose is 45 Gy to the 
prechemo GTV + 2 cm margin → boost to 55.8 Gy to the initial 
bony GTV + the postchemo soft-tissue extent.
For a rib primary with a + pleural effusion, RT is given to the JJ

hemithorax (1.5/15 Gy) → RT to primary to 55.8 Gy as described 
above.
For lung mets, give whole lung RT (1.5/15 Gy), or consider JJ

resection if £4 mets. If residual mets after whole lung RT, may 
boost to 45 Gy.
Adding IE to VDCA does not improve survival for patients with JJ

metastatic disease at diagnosis.
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tRiALS
JJ IESS-1 (Nesbit Jr et al., 1990): Nonrandomized comparison of 
342 patients with localized disease treated with VAC + D vs. VAC 
vs. VAC + prophylactic bilateral whole lung RT. The 5-year RFS 
was best with VAC + D (60%) vs. VAC (24%) vs. VAC + RT 
(44%).

JJ IESS-2 (Evans, et al. JCO 1991): Randomized 214 patients with 
localized nonpelvic primaries to high-dose, intermittent VAC + D 
vs. moderate dose continuous VAC + D. Local treatment was sur-
gery ± post-op RT, or RT alone to the whole bone 45 Gy → boost 
to 55 Gy. High-dose VAC + D improved OS (63 → 77%) and RFS, 
and there was no difference in OS for local control modalities.

JJ IESS-3/INT 0091 (Grier et al. 2003): Randomized patients with 
localized or metastatic disease to VDCA vs. VDCA alternating 
with IE. Local treatment was given at week 9–15 with RT, sur-
gery, or both. Adding IE improved 5-year OS (61→72%) for 
localized disease, but not for metastatic disease (25%).

JJ CESS 86 (Paulussen et al. JCO 2001): 177 patients with local-
ized Ewing’s treated with chemo → nonrandomized local con-
trol arms of surgery alone, surgery + 45 Gy, or 60 Gy RT alone 
(randomized qd vs. b.i.d.). RT used 5 cm proximal/distal mar-
gins and 2 cm lateral and deep margins. The 5-year OS was 
69%. There were no differences in OS or RFS according to local 
therapy. Local control was 100% for surgery, 95% for sur-
gery + RT, and 86% for RT alone, and there was no difference 
for qd vs. b.i.d. RT. Sixteen to twenty-six percent of patients 
developed mets.

JJ POG 8346 (Donaldson et al. 1998): 178 patients treated with 
chemo → surgery or RT. For 44 patients, RT volume was ran-
domized to whole bone (39.6 Gy) → boost to initial tumor + 4 cm 
margin to 55.8 Gy vs. involved-field to boost volume alone to 
55.8 Gy. The rest were treated with involved-field RT. There was 
no difference in LC or EFS when RT done properly. Five-year 
EFS was highest for distal extremity and central site (63–65%) 
vs. proximal extremity (46%) and pelvic/sacral (24%).

JJ CESS 81, CESS 86, EICESS 92 (Schuck et al. 2003; Paulussen 
et al. 2008): Reviewed 1,058 patients treated on trial for local-
ized disease. After surgery, LF was 7.5% with or without post-op 
RT, 5.3% after pre-op RT. After definitive RT, LF was 26.3%. RT 
patients were negatively selected with unfavorable tumor sites. 
Compared to surgery alone, post-op RT improved LC after 
intralesional resections and in tumors with wide resection and 
poor histologic response. After marginal resections, post-op  
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RT had similar LC to surgery alone despite poorer histologic 
response.
There are no randomized trials that have directly compared RT JJ

to surgery for LC of Ewing’s.

RADiAtioN tECHNiQUES
The radiation fields are tailored depending on the primary site.JJ

MRI is recommended for treatment planning in all cases when JJ

available.
For definitive RT for bone tumors with no soft-tissue involve-JJ

ment, treat the prechemo GTV + 2 cm margin to 55.8 Gy.
For definitive RT for bone tumors with a soft-tissue compo-JJ

nent, treat the prechemo GTV + 2 cm margin to 45 Gy → boost 
to 55.8 Gy to the initial bony GTV + the postchemo soft-tissue 
extent.
For post-op RT, treat the pretreatment GTV + 2 cm margin to JJ

45 Gy → boost to the post-op residual disease + 2 cm margin 
(45 Gy for microscopic disease, or 55.8 Gy for gross residual 
disease).
For N+, resect JJ → 50.4 Gy to nodal bed. If not resected, give 
55.8 Gy.
Avoid bladder RT with CY or ifosfamide.JJ

DoSE LiMitAtioNS
Depends on primary site.JJ

More than 20 Gy can prematurely close epiphysis.JJ

For extremity lesions, spare a 1–2 cm strip of skin to prevent JJ

lymphedema. 20–30 Gy usually can be given to entire circum-
ference of an extremity, if necessary.
Spinal cord <45 Gy.JJ

CoMPLiCAtioNS
Dermatitis; recall-reaction may occur with ADR and JJ

dactinomycin.
Abnormal bone and soft-tissue growth and development. Most JJ

of leg growth occurs at the distal femur and proximal tibia. 
Limb length discrepancy of 2–6 cm can be managed with a 
shoe lift, otherwise surgery is needed.
Permanent weakening of affected bone. The highest risk for JJ

fracture is within 18 months of RT. Thus, avoid contact and 
high-impact sports.
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Decreased range of motion secondary to soft-tissue and/or joint JJ

fibrosis.
Skin discoloration.JJ

Lymphedema.JJ

Cystitis (especially with CY or ifosfamide).JJ

Approximately 5% patients may develop a late second malig-JJ

nancy.

FoLLoW-UP
H&P + CXR every 3 months for 2 years. X-ray primary every 3 JJ

months (and/or MRI of primary every 6 months) for 2 years. 
After 2 years, may increase follow-up intervals. Obtain CBC 
annually.

PEDIATRIC HODGKIN’S 
LYMPHOMA
PEARLS

Hodgkin’s lymphoma constitutes ~6% of childhood cancers. It JJ

shares many aspects of biology and natural history with adult 
Hodgkin’s (see the chapter on adult Hodgkin’s lymphoma for 
more details).
Due to morbidity from RT, lower-dose RT with chemo is used JJ

to treat children.
Hodgkin’s lymphoma is most common among children >10 JJ

years and rare among children <4 years. For children <10 years, 
it is more common among boys than girls (3–4:1) but less so for 
children >10 years (1.3:1).
Nodular sclerosing histology is the most common subtype in JJ

all age groups, but is less common among children (44%) than 
among adolescents and adults (72–77%). Lymphocyte-
predominant histology is relatively more common among chil-
dren <10 years (13%), whereas lymphocyte-depleted subtype is 
rare. Mixed-cellularity histology is more common in children 
(33%) than in adolescents or adults (11–17%).
Approximately 80% of children present with cervical lymph-JJ

adenopathy, ~25–30% have B symptoms, ~20% have bulky 
mediastinal adenopathy.
Approximately 80–85% of patients present with stage I–III dis-JJ

ease, and 15–20% present with stage IV.
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WoRKUP
History (including B symptoms, pruritis, respiratory symptoms) JJ

and physical exam. Labs include CBC, LFTs, BUN/Cr, ESR.
Imaging includes CXR, CT of chest, abdomen, and pelvis, and JJ

PET scan. Bone scan is ordered for patients with bone pain or 
elevated alkaline phosphatase.
Pathologic diagnosis is obtained by excisional biopsy (to study JJ

architectural changes). Bone marrow biopsy is obtained for 
patients with B symptoms or stage III–IV. Histologic assess-
ment is required to diagnose spleen and/or liver involvement.
Adverse prognostic factors include stage IIB, IIIB, IV; bulky JJ

disease; B symptoms; male gender; WBC >11,500/mm3; hemo-
globin £11 g/dL.

StAGiNG
JJ Ann Arbor Staging System used (See Chap. 33).
Ten-year OS is JJ ³90% for stages I–III and 75–80% for stage IV.

tREAtMENt RECoMMENDAtioNS

Stage Recommended treatment

Low risk: IA, IIA 
favorable (no 
bulky disease, 
no extranodal 
disease, £3 sites)

Chemo × 2–4c JJ → IFRT 15–25 Gy
Current AHOD 0431 trial investigating whether JJ

patients with CR after chemo can bypass IFRT.

Intermediate risk: 
stage I or II (not 
low-risk); IIIA

Chemo × 4–6c JJ → IFRT 15–25 Gy
Current AHOD 0031 trial (which also included IVA JJ

patients) randomized patients with rapid response 
and CR to chemotherapy to: IFRT vs. no further tx.

High risk: IIIB, 
IVA/B, selected 
IIB with adverse 
associated 
features (e.g., 
bulky disease)

Chemo × 6–8c JJ → IFRT 15–25 Gy.

Relapse For patients with low-risk disease at diagnosis JJ

with relapse confined to an area of initial involve-
ment after chemo and no RT, salvage chemo and 
IFRT is used. For postpubertal patients, standard 
dose RT may be used. For all other patients, induc-
tion chemo and high-dose chemo with peripheral 
blood stem cell rescue is used.

continued
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Recently closed COG study (AHOD 0121) offered JJ

hyperfractionated RT, 21 Gy/ 1.5 b.i.d. to involved 
sites not previously treated, +ASCT.

Chemotherapy Hybrid regimens that utilize lower cumulative JJ

doses of alkylators, doxorubicin, and bleomycin 
are used [e.g., COPP/ABV, OEPA (males), OPPA 
(females), etc.]. Drugs include: cyclophosphamide 
(C), procarbazine (P), vincristine (O) and/or vin-
blastine (V), prednisone (P) or dexamethasone, 
doxorubicin (A) or epirubicin, bleomycin (B), dac-
arbazine (D), etoposide (E), methotrexate (M), and 
cytosine arabinoside.

tRiALS
JJ CCG 5942 (Nachman et al. 2002): 501 patients with a CR to 
risk-adapted combination chemo randomized to IFRT or obser-
vation. In an as-treated analysis, 3-year EFS was increased 
with IFRT (85 → 93%), but OS was the same (98–99%).

JJ GPOH-HD 95 (Ruhl et al. 2001; Ruhl et al. ASTRO 2004): 1,018 
patients were treated with risk-adapted chemo (2–6 cycles) and 
RT. No RT was given for a CR, 20 Gy for a PR of >75% tumor 
regression, 30 Gy for PR <75%, or 35 Gy for residual mass 
>50 mL. DFS was superior for patients given RT after PR (92%) 
than for patients not given RT after CR (69–77%), but OS was 
the same (97%). No advantage for RT in low-risk patients, but 
this result conflicts with CCG-5942.
Donaldson et al. (JJ 2007): 110 low-risk patients were treated with 
VAMP × 4 + IFRT (15 Gy for CR, 25.5 Gy for PR). Ten-year OS 
96%, EFS 89%. Toxicity: hypothyroidism in 42%. One patient 
developed cardiac dysfunction; two patients developed second-
ary malignancies.
Hudson et al. (JJ 2004): 159 unfavorable patients (I/II bulky or B 
symptoms, III, IV) were treated with alternating VAMP/COPP, 
then response-based IFRT. Five-year OS 93%, EFS 76%. Trial 
stopped early due to poor EFS. Poor result due either to che-
motherapy regimen, or omitting RT.

JJ AHOD0431 (closed to accrual): Low-risk patients treated with 
AV-PC (doxo, vincristine, prednisone, cyclophosphamide) × 3. If 
CR on PET after 3 cycles, no RT. Otherwise, IFRT (21 Gy in 14 
fx). Interim analysis showed 1-year EFS 81% for CR on PET 
after 3 cycles. However, increased risk of events in these patients, 
if PET after 1 cycle less than a CR (COG memo 2008).
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RADiAtioN tECHNiQUES
SiMULAtioN AND FiELD DESiGN

Use immobilization for reproducibility and 6MV photons for JJ

better dose distribution.
Involved fields are protocol specific, but generally include the JJ

initially involved lymph node region(s).
Supradiaphragmatic fields may be simulated with the arms-up JJ

over the head or akimbo. Arms-up pulls the axillary nodes away 
from the lungs, allowing greater lung shielding, but the nodes are 
closer to the humeral heads. Attempts should be made to exclude 
as much lung, humeral head, and breast tissue as possible.
For children <5 years, some consider bilateral RT to avoid JJ

growth asymmetry. However, with low doses, unilateral fields 
are usually appropriate.
Treatment of a bulky mediastinal mass generally involves the JJ

initial craniocaudad dimension + 2 cm margin and the 
postchemo lateral margin + 1.5 cm. The supraclavicular fossa 
is generally included, but the axilla is not (unless involved).

DoSE PRESCRiPtioNS
In general, the dose is 15–25 Gy (protocol specific). Occasionally, JJ

a 5 Gy boost is used. Dose may be determined by response to 
initial chemo.

DoSE LiMitAtioNS
Shield femoral head. Doses >25 Gy increase the risk slipped JJ

capital femoral epiphysis, and doses >30–40 Gy increase the 
risk of avascular necrosis.
Dental abnormalities may occur with doses of 20–40 Gy.JJ

Radiation doses <30 Gy and cardiac shielding limit cardiac JJ

sequelae.
Thyroid abnormalities are more common with doses >26 Gy.JJ

Pneumonitis is uncommon with doses <20 Gy except when JJ

used in combination with bleomycin.
Shield testes to limit oligospermia or infertility.JJ

Consider oophoropexy for girls to preserve ovarian function.JJ

CoMPLiCAtioNS
Chemo complications include bleomycin (pulmonary fibrosis/JJ

pneumonitis); doxorubicin (cardiomyopathy); alkylators and 
etoposide (AML and myelodysplasia); procarbazine (male 
infertility); prednisone (avascular necrosis).
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Acute side effects of mantle RT include epilation, dermatitis, JJ

dysgeusia, xerostomia, odynophagia, esophagitis. Paraaortic 
RT may cause acute nausea or vomiting.
Subacute and late effects of RT include musculoskeletal hyp-JJ

oplasia, sterility, hypothyroidism, radiation pneumonitis, 
increased risk for myocardial atherosclerotic heart disease, 
and increased risk of second malignancy.
The rate of second malignancies is ~8–15% at 20 years. Breast JJ

cancer is the most common solid 2nd malignancy following 
treatment.

RETINOBLASTOMA
Stuart Y. Tsuji, Linda W. Chan, Alice Wang-Chesebro, Eric K. Hansen, 

and Daphne A. Haas-Kogan

PEARLS
Retinoblastoma (RB) is the most common intraocular tumor of JJ

childhood. Ninety-five percent of cases occur in children <5 years.
The RB1 tumor suppressor gene on chromosome 13 causes RB JJ

only when both alleles are “hit.”
Forty percent of patients have a germline mutation of RB1; JJ

60% of cases are sporadic.
Although autosomal recessive, RB is inherited in an autosomal JJ

dominant pattern due to penetrance approaching 100%.
Up to 25–40% of cases are familial in that the affected gene is JJ

inherited, but only 10% have a + family history of RB.
Genetic counseling should be given to all patients with RB and JJ

siblings should be examined.
Sixty-five to eighty percent of cases are unilateral (mostly sporadic) JJ

and 20–35% are bilateral (mostly due to germline mutations).
In the developing world, patients present with proptosis, orbital JJ

mass, or mets. In the US, the most common presentation is 
leukocoria, strabismus, painful glaucoma, irritability, failure to 
eat, and low-grade fever.
The five patterns of spread are: continguous spread through JJ

the choroid/sclera/orbit; extension along the optic nerve into 
the brain; invasion of subarachnoid space/leptomeninges via 
CSF; hematogenous spread to bone, liver, and spleen; and lym-
phatic spread from the conjunctiva.
The risk of metastases increases with tumor thickness and size.JJ
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Trilateral RB refers to bilateral RB and midline CNS neuroblas-JJ

tic tumors (frequently of the pineal or suprasellar region).
With germline RB, 15–35% of nonirradiated patients and JJ

50–70% of irradiated patients develop second tumors by 50 
years after diagnosis, mainly sarcomas or melanomas.
Homer-Wright rosettes may be observed.JJ

WoRKUP
H&P includes external ocular examination, slit lamp bimicros-JJ

copy, and biocular indirect ophthalmoscopy (often under anes-
thesia for mapping).
Labs: CBC, chemistries, BUN, Cr, LFTs.JJ

Imaging: Fluorescein angiography, bilateral US (A&B mode), JJ

and MRI.
Bone scan and/or lumbar puncture for symptoms or suspected JJ

metastatic disease.
Risk factors for metastatic disease include optic nerve invasion, JJ

uveal invasion, orbital invasion, and choroidal involvement.

StAGiNG
The most commonly used system is the Reese-Ellsworth sys-JJ

tem, which predicts the chance of visual preservation well, but 
not survival. The Abramson-Grabowski system addresses both 
intraocular and extraocular Rb. The International Classification 
(“ABCDE”) system for intraocular Rb is under modification 
and is used in recent clinical protocols. The AJCC TNM system 
is new as of 2002.
Five-year DFS is >90% for patients with intraocular disease, JJ

but <10% for patients with extraocular disease.

REESE-ELLSWoRtH StAGiNG SyStEM

Group I: Very favorable (refers to chance of salvaging the affected eye)
 A:  Solitary tumor, less than 4 disc diameters (DD) in size, at 

or behind the equator
 B:  Multiple tumors, none over 4 DD in size, all at or behind 

the equator

Group II: Favorable
 A: Solitary tumor, 4–10 DD in size, at or behind the equator
 B: Multiple tumors, 4–10 DD in size, behind the equator

Group III: Doubtful
 A: Any lesion anterior to the equator
 B: Solitary tumors larger than 10 DD behind the equator

continued
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Group IV: Unfavorable
 A: Multiple tumors, some larger than 10 DD
 B: Any lesion extending anteriorly to the ora serrata

Group V: Very unfavorable
 A: Massive tumors involving over half the retina
 B: Vitreous seeding

Adapted from Reese AB, et al. 1963.

iNtERNAtioNAL CLASSiFiCAtioN SyStEM FoR iNtRAoCULAR 
REtiNoBLAStoMA

Group A
Small intraretinal tumors away from foveola and disc

All tumors are 3 mm or smaller in greatest dimension, confined to the JJ

retina and
All tumors are located further than 3 mm from the foveola JJ and 1.5 mm 
from the optic disc

Group B
All remaining discrete tumors confined to the retina

All other tumors confined to the retina not in Group AJJ

Tumor-associated subretinal fluid less than 3 mm from the tumor JJ

with no subretinal seeding
Group C
Discrete local disease with minimal subretinal or vitreous seeding

Tumor(s) are discreteJJ

Subretinal fluid, present or past, without seeding involving up to 1/4 JJ

retina
Local fine vitreous seeding may be present close to discrete tumorJJ

Local subretinal seeding less than 3 mm (2 DD) from the tumorJJ

Group D
Diffuse disease with significant vitreous or subretinal seeding

Tumor(s) may be massive or diffuseJJ

Subretinal fluid present or past without seeding, involving up to total JJ

retinal detachment
Diffuse or massive vitreous disease may include “greasy” seeds or JJ

avascular tumor masses
Diffuse subretinal seeding may include subretinal plaques or tumor JJ

nodules
Group E
Presence of any one or more of these poor prognosis features

Tumor touching the lensJJ

continued



663cHaptER 41: pEdiatRic (non-cns) tumoRs

XI

Tumor anterior to anterior vitreous face involving ciliary body or JJ

anterior segment
Diffuse infiltrating retinoblastomaJJ

Neovascular glaucomaJJ

Opaque media from hemorrhageJJ

Tumor necrosis with aseptic orbital cellulitesJJ

Phthisis bulbiJJ

From COG Protocol ARET0331 (with permission): Trial of systemic 
neoadjuvant chemotherapy for Group B Intraocular Retinoblastoma: 
A Phase III Limited Institution Study. Available at: https://members.
childrensoncologygroup.org/Prot/ARET0331/ARET0331DOC.pdf.

https://members.childrensoncologygroup.org/Prot/ARET0331/ARET0331DOC.pdf
https://members.childrensoncologygroup.org/Prot/ARET0331/ARET0331DOC.pdf
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tREAtMENt RECoMMENDAtioNS

Stage treatment recommendation

Unilateral  
intraocular

Laser therapy alone, or chemoreduction×6c JJ → focal 
therapy. Chemo agents include vincristine, carboplatin, 
and etoposide. Focal therapy options include:

EBRT (35–46 Gy) for small tumors located within JJ

macula, diffuse vitreous seeding, or multifocal tumors
Cryotherapy is used in addition to EBRT or in place JJ

of photocoagulation for lesions <4 DD in the anterior 
retina
Photocoagulation is used for posteriorly located JJ

tumors <4 DD distinct from the optic nerve head and 
macula. It is occasionally used alone for small tumors, 
or in addition to EBRT
 Episcleral plaque brachytherapy is used for either JJ

focal unilateral disease or recurrent disease following 
prior EBRT
Enucleation if the tumor is massive or if the eye is JJ

unlikely to have useful vision after treatment

Bilateral Each eye is assessed individually. The worse eye is no lon-JJ

ger routinely enucleated. If there is potential vision pres-
ervation in both eyes, bilateral chemoreduction ± EBRT 
with close follow-up for focal treatment may be used

Extraocular Orbital EBRT + chemo for palliation. High-dose chemo JJ

with stem cell rescue may also be attempted in select 
cases. Intrathecal chemo may be given for patients with 
CNS or meningeal disease

Trilateral  
Retino-
blastoma

Treat eyes as above. Neurosurgical resection, chemo, JJ

with cranial RT or CSI. MS is only 11 months, but as 
high as 24 months if caught early

RESULtS
Five-year DFS: Intraocular >90%, extraocular (T4, N1, or M1) JJ

<10%.
Eye preservations rates range among series from ~60 to 90% JJ

when using EBRT and depend on extent of disease. Group E 
patients have eye preservation rates of only 2%.
Visual preservation rates range among series from ~65 to 100% JJ

for R-E Groups I–III but are lower for Groups IV–V.

RADiAtioN tECHNiQUES
EBRt

Indicated for small tumors involving macula, diffuse vitreous JJ

seeding, or multifocal tumors or those that failed prior chemo 
and local therapy.
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Pediatric anesthesia may be required.JJ

Simulate patient supine with thermoplastic head mask JJ

immobilization.
3DCRT is recommended (or IMRT if at an experienced center) JJ

using CT and/or MRI.
Photons (4–6 MV) are used.JJ

For unilateral RB, four anterior oblique noncoplanar fields JJ

may be used (superior, inferior, medial, and lateral).
For bilateral RB when both eyes require treatment, 3DCRT (or JJ

IMRT) is used with opposed lateral fields and anterior oblique 
fields.
Depending on stage and anatomy, 0.5 cm bolus may be JJ

required
At a minimum, the entire retina is treated including 5–8 mm of JJ

the optic nerve.
Dose is 42–45 Gy in 1.8–2 Gy fractions.JJ

Critical structures to limit RT dose to include the opposite JJ

globe (including lens and retina), lacrimal glands, optic chi-
asm, pituitary gland, brainstem, posterior mandibular teeth, 
and upper C-spine.

EPiSCLERAL PLAQUE BRACHytHERAPy
Refer to the chapter on orbital tumors (Chapter 3) for details of JJ

brachytherapy for orbital melanoma. Many of the techniques 
for RB are similar to treatment of melanoma.
The treatment volume covers the tumor + radial (~2 mm) and JJ

deep (1–2 mm) margin.
The dose to the tumor apex is 40 Gy (while the base receives JJ

100–200 Gy).
The dose rate is 0.7–1.0 Gy/h, and ~2–4 days of treatment are JJ

required.

CoMPLiCAtioNS
EBRT complications include dermatitis; depigmentation; JJ

telangiectasias; ectropion or entropion of the eyelid; loss of 
cilia of the scalp, eyebrow, or eyelid; facial/temporal bone hyp-
oplasia; decreased tear production due to radiation damage to 
the lacrimal gland; direct corneal injury; cataracts; vitreous 
hemorrhage; retinopathy; hypopituitarism; and second tumors 
in radiation field.
With plaque brachytherapy, the risk of orbital bone hypoplasia JJ

is low, but long-term retinopathy, cataract, maculopathy, paill-
opathy, and glaucoma are possible.
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FoLLoW-UP
H&P every 3 months for 1 year, every 4 months for second year, JJ

every 6 months for third and fourth years, then annually. 
Patients with bilateral or familial RB advised to have screening 
for CNS midline neuroblastic tumors with biannual CT or MRI 
of the brain until 5 years of age. In addition, they need screen-
ing of the contralateral eye every 2–4 months for up to 7 years.
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Chapter 42

Palliation and Benign Conditions

Stuart Y. Tsuji and William M. Wara

IntroduCtIon
This chapter will cover brain metastases, bone metastases, spiJJ

nal cord compression, liver metastases, airway obstruction, 
superior vena cava obstruction, and gynecologic bleeding.

BRAIN METASTASES
PEArLS

Most common type of intracranial tumor (incidence ~170,000/JJ

year in the US)
Approximately 20–40% of all cancer patients develop brain JJ

metastases
“Solitary” = one brain metastasis, only site of diseaseJJ

“Single” = one brain metastasis, other sites of diseaseJJ

Primary cancers most likely to metastasize to brain are lung, JJ

breast, and melanoma
Hemorrhagic metastases: renal cell CA, choriocarcinoma, and JJ

melanoma

WorKuP
H&P, MRI of brain with and without contrastJJ

If solitary lesion, obtain biopsyJJ

ProGnoStIC FACtorS
RTOG Recursive Partitioning Analysis (Gaspar et al. JJ 1997)
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Class Characteristics Survival (months)

I KPS 70–100, Primary controlled
Age < 65
Mets to brain only

7.1

II All Others 4.2

III KPS < 70 2.3

Graded Prognostic Index (Sperduto et al. JJ 2008)

Score GPI  
score

Survival  
(months)

0 0.5 1.0 3.5–4.0 11.0

Age >60 50–59 <50 3 6.9

KPS <70 70–80 90–100 1.5–2.5 3.8

Number of  
CNS metastases

>3 2–3 1 0–1 2.6

Extracranial 
metastases

Present – None

trEAtMEnt rECoMMEndAtIonS

StEroIdS
Improve headache and neurologic functionJJ

No impact on survivalJJ

Start dexamethasone 4 mg q 6 h if patient has neurologic symJJ

ptoms
Taper as toleratedJJ

No role for steroids in asymptomatic patientsJJ

SurGEry, WhoLE-brAIn rt (Wbrt), StErEotACtIC 
rAdIoSurGEry (SrS) 

Characteristics options

Single lesion
RPA class I–II

Surgical resection + WBRTJJ

WBRT + SRSJJ

SRS alone (with SRS or WBRT for salvage prn)JJ

WBRT aloneJJ

2–4 Lesions
RPA class I–II

WBRT aloneJJ

WBRT + SRSJJ

SRS alone (with SRS or WBRT for salvage prn) JJ

contro versial

continued
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>4 Lesions
RPA class I–II

WBRT aloneJJ

WBRT + SRS controversialJJ

SRS alone (with SRS or WBRT for salvage prn) JJ

contro versial

RPA class III WBRT aloneJJ

StudIES
SurGEry

Patchell et al. (JJ 1990): 54 patients with solitary brain lesion ran
domized to surgical removal of tumor plus WBRT (36 Gy in 12 
 fractions) vs. needle biopsy plus WBRT (same). Recurrence at 
original site, time to recurrence, MS, time to death from neuro
logic cause, and time with KPS ³70 all significantly better in 
the surgery group. Six patients excluded when resection or 
biopsy did not demonstrate pathologic diagnosis of brain met.

PoSt-oP Wbrt
Patchell et al. (JJ 1998): 95 patients with solitary brain lesion 
treated with surgery randomized to WBRT (50.4 Gy in 28 frac
tions) vs. no further therapy. Postop RT reduced recurrence at 
the original site and other sites in the brain. Patients in the RT 
group were less likely to die of neurologic causes. OS and dura
tion of functional independence were not different.

JJ EORTC 22952-26001 (Mueller et al. 2009): 345 patients with 
WHO PS 0–2, 1–3 brain mets treated with resection (GTR), or 
SRS (20 Gy) randomized to observation vs. WBRT (30 Gy in 
10 fx). WBRT decreased 6, 24 months intracranial progression 
(15%, 31% vs. 40%, 54%) and neurologic death (25% vs. 43%), 
but no difference in OS or preservation of performance status.

Wbrt ALonE or WIth rAdIoSEnSItIzErS
Suh et al. (JJ 2006): 515 RPA class I–II patients with ³1 brain mets 
randomized to WBRT alone (30 Gy in 10 fractions) vs. WBRT 
(same) plus concurrent efaproxiral. Fifty percent of patients 
had ³3 mets. Trend of MS benefit of efaproxiral (4.4 vs. 5.4 
months). Largest improvement in breast cancer patients.
Mehta et al. (JJ 2009): 554 patients with brain mets from NSCLC, 
KPS ³70 randomized to WBRT alone (30 Gy in 10 fractions) vs. 
WBRT (same) plus concurrent motexafin gadolinium (MGd). 
Eighty percent of patients had >1 brain met. Trend of improved 
time to neurologic progression with MGd (10 vs. 15 months). 
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Less salvage needed with MGd without change in MS (5.8 vs. 
5.1 months).

SrS booSt AFtEr Wbrt
Andrews et al. (JJ 2004): 331 patients with 1–3 brain mets and KPS 
³70 randomized to WBRT (37.5 Gy in 15 fractions) plus SRS 
(15–24 Gy) vs. WBRT alone (same). Significant survival advan
tage with the addition of SRS in patients with single met (MS 
6.5 vs. 4.9 months) and trends for advantage for RPA class I 
(11.6 vs. 9.6 months), lung histology (5.9 vs. 3.9 months), and 
tumor size >2 cm (6.5 vs. 5.3 months). Local control at 1 year 
and KPS at 6 months better with the addition of SRS.
Kondziolka et al. (JJ 1999): 27 patients with 2–4 brain mets and 
KPS ³70 randomized to WBRT alone (30 Gy in 12 fractions) vs. 
WBRT (same) plus SRS (16 Gy). Local failure 100% at 1 year 
after WBRT alone, 8% with the addition of RS. Nonsignificant 
OS benefit in the SRS group (MS 7.5 vs. 11 months).

SrS ALonE or WIth Wbrt
JJ JROSG 99-1 ( Aoyama et al. JAMA 2006): 132 patients with 1–4 
mets and KPS ³70 randomized to SRS (18–25 Gy) vs. WBRT 
(30 Gy in 10 fractions) → SRS (same). No difference in OS (8.0 
vs. 7.5 months), neurologic or KPS preservation, or MMSE. 
WBRT reduced rate of new mets (63.7% vs. 41.5%), and 
improved 1year LC (72.5% vs. 88.7%).
Chang (Lancet Oncol. 2009): 58 patients with 1–3 mets and KPS JJ

³70 randomized to SRS (15–24 Gy) vs. SRS (same)  →  WBRT 
(30 Gy in 12 fractions). Worse neurocognitive decline at 4 months 
with WBRT (24% vs. 52%) by Hopkins Verbal Learning Test, 
despite better 1year LC (67% vs. 100%) and 1year distant brain 
tumor control (27% vs. 73%) with WBRT. Longer OS (15.2 vs. 5.7 
months) for SRS alone. SRS alone patients received more salvage 
therapy, including repeat SRS (27/30 vs. 3/28).
Sneed et al. (JJ 1999, 2002): Multiinstitutional and UCSF retro
spective reviews of SRS vs. SRS + WBRT. No difference in OS 
by RPA class (I = 14–15 months, II = 7–8 months, III = 5 months). 
Brain FFP worse without WBRT, but brain FFP allowing for 
first salvage not different.

doSE And FrACtIonAtIon ConSIdErAtIonS
JJ RTOG fractionation papers (Borgelt et al. 1980, 1981; Murrary 
et al. 1997): Multiple fractionation regimens evaluated. Most 
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were similar for treatment response, duration of improvement, 
and OS. Worse outcomes with 10 Gy × 1 and 7.5 Gy × 2.
Shaw et al. (JJ 2000): Maximum tolerated dose for single fraction 
radiosurgery: tumor diameter £20 mm, dose 24 Gy; diameter 
21–30 mm, dose 18 Gy; diameter 31–40 mm, dose 15 Gy.

tEChnIQuES
Wbrt

Opposed laterals, flash anterior/posterior/superior (Fig. 42.1)JJ

Bottom of field at foramen magnum, inferior to C1, or inferior JJ

to C2
Use eye blockJJ

Acceptable fractionation schemes include 4 Gy × 5, 3 Gy × 10 JJ

(most common), 2.5 Gy × 15, and 2 Gy × 20
Choose fractionation based on performance status and life JJ

expectancy

StErEotACtIC rAdIAtIon
Consider increased dose gadolinium at the time of Gamma JJ

Knife SRS to improve the sensitivity of detection of brain 
metastases. Renal function must be assessed to avoid excess 
risk of gadoliniumassociated nephrogenic systemic fibrosis.

Fig. 42.1  Lateral DRR of a wholebrain radiation field
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Gamma Knife SRS vs. FSRT recommended depending on numJJ

ber, size, location of mets.

CoMPLICAtIonS
Neurocognitive deficits after WBRT in longterm survivors.JJ

Five percent rate of symptomatic brain necrosis after SRS, generJJ

ally treated with steroids, sometimes requires surgery for intrac
table symptoms.

FoLLoW-uP
Brain MRI scan with and without contrast every 3 monthsJJ

BONE METASTASES
PEArLS

Common cause of severe cancer painJJ

Pain relief after RT can be expected in 60–90% of patientsJJ

Good pain control may improve OSJJ

Sites of mets: spine (lumbar>thoracic) > pelvis > ribs > femur > JJ

skull
Primary cancers most likely to metastasize to bone are breast, JJ

prostate, thyroid, kidney, and lung

WorKuP
Bone scan is the primary imaging modality.JJ

Plain films should be used to look for fracture or impending JJ

fracture, but are not sensitive for diagnosis as cortical involve
ment occurs late.
MRI is the procedure of choice when evaluating for spinal cord JJ

compression or nerve root compromise.
Biopsy and/or PET scan are not routinely needed, but should JJ

be considered if radiographic studies are equivocal.

trEAtMEnt rECoMMEndAtIonS

SurGEry
Required for pathologic fracture or impending fracture.JJ

Mirels (JJ 1989): 12 point scoring system estimates risk of patho
logic fracture based on the site of disease (upper extremity, lower 
extremity, peritrochanteric), amount of pain (mild, moderate,  
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functional), type of lesion (blastic, mixed, lytic), and size (<1/3, 
1/3–2/3, >2/3 diameter of bone involved). Scores of 10–12 have 
72–100% chance of fracture.
Van der Linden et al. (JJ 2004): Data show that axial cortical 
involvement >30 mm and/or circumferential cortical involve
ment >50% predict for high rates of fracture.

Ebrt
Local field RT for discrete painful lesionsJJ

Avoid uninvolved sensitive tissues like perineum and joints JJ

when possible
Dose: 8 Gy × 1, 4 Gy × 5, or 3 Gy × 10JJ

Widefield (“hemibody”) RT occasionally used for diffuse JJ

bone mets

rAdIoPhArMACEutICAL thErAPy
Best for patients with multiple lesions that show uptake on JJ

bone scan.
Should not be used for fractures, spinal cord compression, JJ

nerve root compression, or lesions with large extra osseous 
component.
Patients must have adequate blood counts, no myelosuppresJJ

sive chemotherapy for 4 weeks before and 6–8 weeks after 
treatment.
Strontium89 (JJ bemitter) response rates 40–95%, pain relief at 
1–4 weeks, lasts up to 18 months. Improved response rate and 
duration with lowdose platinum.
Samarium153 (JJ b and gemitter) response rates 70–95%, pain 
relief at 1–2 weeks, lasts up to 4 months.

PhArMACoLoGIC thErAPIES And SuPPortIvE CArE
Bisphosphonates are used in most patients with multiple bone JJ

mets
Hormone therapy can be very effective in breast and prostate JJ

cancer
Pain management is important (NSAIDs, narcotics, steroids, JJ

anticonvulsants, tricyclic antidepressants, electric stimulation, 
nerve blocks)
Do not forget braces and walkersJJ
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StudIES
Ebrt doSE

Metaanalysis (Chow et al. JJ 2007) of 16 randomized trials of sin
gle fraction vs. multiple fraction palliative RT regimens. No dif
ference in response rates. Trend for increased risk of pathological 
fractures and spinal cord compression with single fraction RT. 
A 2.5× increased retreatment rate with single fraction RT.

JJ Bone Pain Trial Working Party (1999): 761 patients with painful 
bone mets randomized to 8 Gy in single fxn vs. 20 Gy in 5 frac
tions or 30 Gy in 10 fractions. No difference in time to pain 
relief, proportion achieving relief, duration of relief, or toxicity. 
Retreatment given more frequently after 8 Gy (23% vs. 10%).

JJ RTOG 9714 (Hartsell, JNCI 2005, Howell et al. 2009): 898 
patients with breast or prostate cancer and KPS ³40 random
ized to 8 Gy in 1 fxn vs. 30 Gy in 10 fractions. Higher acute 
toxicity with 30 Gy (17% vs. 10%). Pain CR/PR rates at 3 months 
were equivalent, 15%/50% for 8 Gy and 18%/48% for 30 Gy, but 
higher retreatment at 3 years for 8 Gy (18% vs. 9%). Same con
clusions in subgroup of vertebral body mets.
Tong et al. (JJ 1982): Various fractionation schemes evaluated. No 
differences seen in rates of pain relief.
Blitzer (JJ 1985): Reanalysis of RTOG data with conclusion that 
more fractions with higher total dose were more effective for 
pain relief.
See spinal cord compression for SBRT of spine bone metastases.JJ

rAdIonuCLIdE thErAPy
Sartor et al. (JJ 2004): 152 patients with hormonerefractory pros
tate cancer randomized 2:1 to 153Sm vs. nonradioactive 152Sm. 
Better complete response (38% vs. 18%) with 153Sm. No differ
ence between arms in transient, mild marrow suppression.
Oosterhof (Eur Urol 2003): 203 patients with hormonerefracJJ

tory prostate cancer randomized to 89Sr vs. EBRT. No differ
ence in subjective response (~34%), response duration (4.5 
months). MS 7.2 vs. 11 months for Sr vs. EBRT, despite simi
lar toxicity.
Sciuto et al. (JJ 2002): 70 patients with hormonerefractory pros
tate cancer randomized to 89Sr±concurrent lowdose cisplatin. 
Better subjective response (91% vs. 63%), duration (120 vs. 60 
days), survival without new painful mets (4 vs. 2 months), and 
less bone disease progression (27% vs. 64%) for cisplatin arm. 
No difference in toxicity.
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Porter et al. (JJ 1993): Randomized local field RT ± strontium 89 
in patients with hormonerefractory prostate cancer. Patients 
in combined arm needed lesser analgesics, had fewer sites of 
new pain, had lower PSA and alk phos levels, and had better 
quality of life.

SPINAL CORD COMPRESSION
PEArLS

Most important prognostic factor is ambulatory statusJJ

Pain precedes neurologic dysfunction and is the most common JJ

presenting symptom

WorKuP
MRI scan of entire spine to determine location and extent of JJ

disease and to rule out other sites of cord compression
Biopsy required if metastatic disease has not been previJJ

ously documented or if patient does not have proven cancer 
diagnosis

trEAtMEnt rECoMMEndAtIonS

StEroIdS
Start steroids immediately and then taper as toleratedJJ

Used for symptom relief (improved neurologic function, reduced JJ

pain)

SurGEry And rt
Maximum debulking surgery with appropriate spine stabilizaJJ

tion followed by postop RT is treatment of choice for patients 
with single region of cord compression and life expectancy >3 
months.
Laminectomy is not an alternative to maximal debulking and JJ

stabilization.
If patient has multiple levels of compression or is not medically JJ

fit for surgery, then give immediate RT.

Sbrt
Delivers higher BED with greater conformality than EBRTJJ

Generally reserved for disease confined to 1–2 spinal segments, JJ

but not cases of cord compression
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Lowreported toxicity and risk of myelopathy, despite a range JJ

of dose and fractionation and its use in cases of reirradiation or 
postresection

trIALS
Patchell et al. (JJ 2005): Prospective randomized trial of surgery 
with postop RT to 30 Gy vs. RT alone to 30 Gy. Surgery patients 
regained ability to walk more often (62% vs. 19%), retained 
ability to walk longer (122 vs. 13 days), and required less ste
roid and pain medication. Improved survival with surgery (126 
vs. 100 days).
Rades et al. (JJ 2005): Retrospective review of 204 patients with 
metastatic cord compression treated with EBRT of 8 Gy in 
1 fxn or 30 Gy in 10 fractions. No difference in rate of motor 
function improvement, stability, or deterioration between treat
ments. Thiryfour percent of patients regained ability to walk.
Rades et al. (JJ 2009): Prospective nonrandomized trial of 265 
patients with metastatic spinal cord compression treated with 
short (1 or 5 fxn) vs. long (10, 15, or 20 fxn) course RT. Long
course RT achieved higher 1year LC 61 vs. 81%. Motor  function 
improvement (~35%) and OS (~25%) similar. Better OS with 
better KPS, no visceral mets, 1–3 vertebral mets, ability to 
ambulate, and use of bisphosphonates.
Rades et al. (JJ 2008): Retrospective review of 124 patients reir
radiated for infield recurrence of metastatic cord compres
sion. Motor function improved in 36%, stable in 50%. No 
radiation myelopathy at 11 months median followup with 
24% of patients receiving cumulative BED < 100 Gy, including 
both courses of RT. [BED = n*d*(1+d/ab); n = # of fractions; 
d = dose per fraction; ab = 2].

Sbrt
Gerzsten et al. (JJ 2007): Prospective single arm study of 393 
patients (500 lesions) treated with SBRT (12.5–25 Gy in 1 fxn). 
Three hundred and fortyfour lesions had received prior EBRT. 
Longterm improvement in 86% of patients treated for pain. 
For patient treated for imaging progression, LC was 90, 88% 
for primary and salvage SBRT. No episodes of radiation 
myelopathy.
Sahgal et al. (JJ 2009): Retrospective review of 39 patients (60 mets) 
treated with SBRT (median 24 Gy in 3 fractions). Thirtyseven 
mets previously irradiated (median 36 Gy in 14 fractions) with 11 
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months interim. One and twoyear progressionfree probability 
(per met) was 85 and 69%, respectively. No difference between 
primary and salvage. No radiation myelopathy or radiculopathy.

tEChnIQuES
AP/PA gives more homogenous dose distribution and is the preJJ

ferred technique
With PA alone, one must decide between higher dose to the JJ

spinal cord or underdosing the tumor
Example: Lumbar spine met, cord depth (7.5 cm), anterior JJ

vertebral body depth (12 cm). With 6 MV dosed at 12 cm, 
cord would receive 128% of the prescription dose. If 18 MV 
is used, cord would receive 120% of the prescription dose. If 
the prescription is 3 Gy × ten fractions, total dose to the cord 
would be 36–38.4 Gy

Dose schedules: 3 Gy × 10 (most common), 4 Gy × 5, 8  × 1, JJ

2.5 Gy × 15

LIVER METASTASES
PEArLS

MS 5–10 months without interventionJJ

Colorectal primary is most common with 50,000 cases of coloJJ

rectal liver mets per year in the USA
Liver has remarkable ability for regeneration and can grow JJ

back after 50% resection in just 3 weeks

WorKuP
CT is primary imaging modality used for diagnosis and followJJ

up, special contrast protocols exist to maximize CT yield
Ultrasound is particularly helpful intraoperativelyJJ

MRI scan is good for distinguishing benign from malignant JJ

disease and can provide specific information about involve
ment of biliary tree

trEAtMEnt rECoMMEndAtIonS

SurGEry
Surgery with curative intent possible in ~10% of patientsJJ

MS after complete resection is ~30 months with small number JJ

of patients surviving >10 year
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Contraindications for liver resectionJJ

Presence of extrahepatic disease (selected patients with limJJ

ited pulmonary and liver mets are candidates for surgical 
resection of both sites of disease)
Complete resection not possible (unacceptable LF rates with JJ

+ margins)
Second resections can be performed for liveronly failures that JJ

meet criteria for surgery. Longterm survival after second resec
tion is possible

ChEMothErAPy
Systemic chemotherapy for unresectable mets is palliativeJJ

Neoadjuvant chemotherapy can be used to shrink disease, JJ

increase resectability
Adjuvant chemotherapy (including hepatic arterial chemotherapy) JJ

can be used to reduce LR rates and possibly improve survival

rAdIoFrEQuEnCy AbLAtIon, CyroAbLAtIon,  
EthAnoL InjECtIon

Alternative therapies for patients who are not surgical JJ

candidates
See Chap. 21 – HepatobiliaryJJ

Ebrt
Whole Liver RT (3 Gy × 7) for symptomatic patients with mulJJ

tiple small lesions who are not candidates for other therapies.
3DCRT ± hepatic artery chemo is preferred over whole liver RT JJ

for patients with good KPS and limited metastatic disease.
Stereotactic body irradiation and IMRT are promising, but JJ

remain investigational.

PAPErS
McCarter and Fong (JJ 2000): Good review of surgical data.
Rusthoven et al. (JJ 2009): Phase I/II trial of 47 patients (63 
lesions) with 1–3 liver metastases, each <6 cm, treated with 
SBRT escalated from 36 to 60 Gy in 3 fractions. Twoyear LC 
92%. For 38 lesions treated to 60 Gy, LC 100% for £3 cm, 77% 
for >3 cm. OS 20.5 months. No radiationinduced liver disease, 
2% incidence grade ³3 toxicity.
See Chap. 21 – Hepatobiliary for other studies.JJ
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rAdIAtIon tEChnIQuES/toLErAnCE/CoMPLICAtIonS

See Chap. 21 – HepatobiliaryJJ

FoLLoW-uP
Liver function tests 2–3 weeks after treatmentJJ

Office visit every 3 months or as needed for symptomsJJ

CT scan every 3–6 months or sooner for recurrent symptomsJJ

AIRWAY OBSTRUCTION
Broncoscopy with stent placementJJ

If successful, may result in immediate symptom reliefJJ

Intraluminal brachytherapyJJ

Use caution in previously treated areas near major vesselsJJ

EBRTJJ

Do not exceed spinal cord tolerance when using large fracJJ

tion sizes
Accepted dose and fractionation schedules include: 10 Gy × JJ

1, 8.5 Gy × 2 (1 week apart), 4 Gy × 5, 3 Gy × 10, 2.5 Gy × 15
If large fields will be necessary, use caution. Do not want to JJ

induce radiation pneumonitis in patients needing palliation 
for shortness of breath

SUPERIOR VENA CAVA SYNDROME
Most frequently seen in lung cancer patientsJJ

Biopsy required to evaluate for benign conditions and sensitive JJ

tumors
Generally, symptoms improve because of collateral circulationJJ

Treatment includes supportive care, steroids, diuretics, and JJ

elevation of the head and torso
Accepted external beam radiation therapy dose, and fractionJJ

ation schedules include 3 Gy × 10, 4 Gy × 5, 2.5 Gy × 15

GYNECOLOGIC BLEEDING
Treatment optionsJJ

Vaginal packingJJ
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EBRT: 3.7 Gy b.i.d. × 2 days, repeat every 2 weeks × 2 prn. JJ

Use CT scan to determine field borders
BrachytherapyJJ

Electron coneJJ

rEFErEnCES
Andrews DW, Scott CB, Sperduto PW, et al. Whole Brain Radiation Therapy with or without 

Stereotactic Radiosurgery Boost for Patients with One to Three Brain Metastases: Phase III 
Results of the RTOG 9508 Randomised Trial. Lancet 2004;363:16651672.

Aoyama H, Shirato H, Tago M, et al. Stereotactic Radiosurgery Plus WholeBrain Radiation Therapy 
vs Stereotactic Radiosurgery Alone for Treatment of Brain Metastases: A Randomized Controlled 
Trial. JAMA 2006;295(21):24832491.

Blitzer PH. Reanalysis of the RTOG Study of the Palliation of Symptomatic Osseous Metastasis. 
Cancer 1985;55:14681472.

Bone Pain Trial Working Party. 8 Gy Single Fraction Radiotherapy for the treatment of Metastatic 
Skeletal Pain: Randomised Comparison with a Multifraction Schedule over 12 Months of 
Patient FollowUp. Radiother Oncol 1999;52:111121.

Borgelt B, Gelber R, Kramer S, et al. The Palliation of Brain Metastases: Final Results fo the First 
Two Studies by the Radiation Therapy Oncology Group. Int J Radiat Oncol Biol Phys 
1980;6:19.

Borgelt B, Gelber R, Larson M, et al. UltraRapid High Dose Irradiation Schedules for the 
Palliarion of Brain Metastases: Final Results of the First Two Studies by the Radiation 
Therapy Oncology Group. Int J Radiat Oncol Biol Phys 1981;7:16331638.

Chang EL, Wefel JS, Hess KR, et al. Neurocognition in patients with brain metastases treated with 
radiosurgery or radiosurgery plus wholebrain irradiation: a randomised controlled trial. 
Lancet Oncol 2009;10:10371044.

Chow E, Harris K, et al. Palliative Radiotherapy Trials for Bone Metastases: a Systematic Review. 
J Clin Oncol 2007;25:14231436.

Gaspar L, Scott C, Rotman M, et al. Recursive Partitioning Analysis (RPA) of Prognostic Factors 
in Three Radiation Therapy Oncology Group (RTOG) Brain Metastases Trials. Int J Radiat 
Oncol Biol Phys 1997;37:745751.

Gerszten PC, Burton SA, Ozhasoglu C. Radiosurgery for Spinal Metastases: Clinical Experience in 500 
Cases from a Single Institution. Spine 2007;32:193199.

Hartsell WF, Scott CB, Bruner DW, et al. Randomized Trial of Short Versus LongCourse 
Radiotherapy for Palliation of Painful Bone Metastases. J Natl Cancer Inst 2005;97:798804.

Howell DD, James JL, Hartsell WF, et al. Randomized Trial of ShortCourse Versus LongCourse 
Radiotherapy for Palliation of Painful Vertebral Bone Metastases: A Retrospective Analysis 
of RTOG 9714. J Clin Oncol 2009;27:7s. ASCO 2009, abstract.

Kondziolka D, Patel A, Lunsford LD, et al. Stereotactic Radiosurgery Plus Whole Brain 
Radiotherapy Versus Radiotherapy Alone for Patients with Multiple Brain Metastases. Int J 
Radiat Oncol Biol Phys 1999;45:427434.

McCarter MD, Fong Y. Metastatic Liver Tumors. Semin Surgl Oncol 2000; 19:177188.
Mehta MP, Shapiro WR, Phan SC, et al. Motexafin Gadolinium Combined with Prompt Whole 

Brain Radiotherapy Prolongs Time to Neurologic Progression in NonSmallCell Lung 
Cancer Patients with Brain Metastases: Results of a Phase III Trial. Int J Radiat Oncol Biol 
Phys 2009;73:10691076.

Mirels H. Metastatic Disease in Long Bones. A Proposed Scoring System for Diagnosing 
Impending Pathologic Fractures. Clin Orthop Relat Res 1989; 249:256264.

Mueller RP, Soffietti R, Abacioglu MU, et al. Adjuvant WholeBrain Radiotherapy Versus 
Observation After Radiosurgery or Surgical Resection of 13 Cerebral Metastases: Results of 
the EORTC 2295226001 Study. J Clin Oncol 2009;27:15s. ASCO 2009, abstract.

Murrary KJ, Scott C, Greenberg HM, et al. A Randomized Phase III Study of Accelerated 
Hyperfractionation Versus Standard in Patients with Unresected Brain Metastases: A 
Report of the Radiation Therapy Oncology Group (RTOG) 9104. Int J Radiat Oncol Biol 
Phys 1997;39:571574.

Patchell RA, Tibbs PA, Regine WF, et al. Postoperative Radiotherapy in the Treatment of Single 
Metastases to the Brain. JAMA 1998;280:14851489.

Patchell RA, Tibbs PA, Regine WF, et al. Direct Decompressive Surgical Resection in the 
Treatment of Spinal Cord Compression Caused by Metastatic Cancer: A Randomised Trial. 
Lancet 2005;366:643648.



689cHaptER 42: palliation and bEnign conditions

XII

Patchell RA, Tibbs PA, Walsh JW, et al. A Randomized Trial of Surgery in the Treatment of Single 
Metastases to the Brain. N Engl J Med 1990;322:494500.

Porter AT, McEwan AJ, Powe JE, et al. Results of a Randomized Phase III Trial to Evaluate the 
Efficacy of Strontium89 Adjuvant to Local Field External Beam Irradiation in the 
Management of Endocrine Resistant Metastatic Prostate Cancer. Int J Radiat Oncol Biol 
Phys 1993;25:805813.

Rades D, Lange M, Veninga T, et al. Final Results of A Study Comparing ShortCourse and Long
Course Radiotherapy (RT) for Local Control of Metastatic Spinal Cord Compression 
(MSCC). J Clin Oncol 2009;27:7s. ASCO 2009, abstract.

Rades D, Rudat V, Veninga T, et al. Prognostic Factors for Functional Outcome and Survival After 
Reirradiation for InField Recurrences of Metastatic Spinal Cord Compression. Cancer 
2008;113:10901096.

Rades D, Stalpers LJA, Hulshof MC, et al. Comparison of 1 x 8 Gy and 10 x 3 Gy for Functional 
Outcome in Patients with Metastatic Spinal Cord Compression. Int J Radiat Oncol Biol 
Phys 2005;62:514518.

Rusthoven KE, Kavanagh BD, Cardenes H, et al. MultiInstitutional Phase I/II Trial of Stereotactic 
Body Radiation Therapy for Liver Metastases. J Clin Oncol 2009;27(10):15721578.

Sahgal A, Ames C, Chou D, et al. Stereotactic Body Radiotherapy is Effective Salvage Therapy for 
Patients with Prior Radiation of Spinal Metastases. Int J Radiat Oncol Biol Phys 2009;74(3): 
723731.

Sartor O, Reid RH, Hoskin PJ, et al. Samarium153Lexidronam Complex for Treatment  
of Painful Bone Metastases in HormoneRefractory Prostate Cancer. Urology 2004;63: 
940945.

Sciuto R, Festa A, Rea S, et al. Effects of LowDose Cisplatin on 89Sr Therapy for Painful Bone 
Metastases from Prostate Cancer: A Randomized Clinical Trial. J Nucl Med 2002;43:7986.

Shaw E, Scott C, Souhami L, et al. Single Dose Radiosurgical Treatment of Recurrent previously 
Irradiated Primary Brain Tumors and Brain Metastases: Final Report of RTOG Protocol 
9005. Int J Radiat Oncol Biol Phys 2000;47:291298.

Sneed PK, Lamborn KR, Forstner JM, et al. Radiosurgery for Brain Metastases: Is Whole Brain 
Radiotherapy Necessary? Int J Radiat Oncol Biol Phys 1999;43:549558.

Sneed PK, Suh JH, Goetsch SJ, et al. A multiinstitutional review of radiosurgery alone vs. radio
surgery with whole brain radiotherapy as the initial management of brain metastases. Int J 
Radiat Oncol Biol Phys 2002;53:519526.

Sperduto PW, Berkey B, Gaspar LE, et al. A New Prognostic Index and Comparison to Three 
Other Indices for Patients with Brain Metastases: An Analysis of 1,960 Patients in the RTOG 
Database. Int J Radiat Oncol Biol Phys 2008;70:510514.

Suh JH, Stea B, Nabid A, et al. Phase III Study of Efaproxiral As an Adjunct to WholeBrain 
Radiation Therapy for Brain Metastases. J Clin Oncol 2006;24:106114.

Tong D, Gillick L, Hendrickson FR. The Palliation of Symptomatic Osseous Metastases: Final 
Results of the Study by the Radiation Therapy Oncology Group. Cancer 1982;50:893899.

Van der Linden YM, Dijkstra PD, Kroon HM, et al. Comparative Analysis of Risk Factors for 
Pathological Fracture with Femoral Metastases. J Bone Joint Surg Br 2004;86:566573.

FurthEr rEAdInG
Cowper SE. Nephrogenic Systemic Fibrosis: An Overview. J Am Coll Radiol 2008;5:2328.
Dillehay GL, Ellerbroek NA, Balon H, et al. Practice Guideline for the Performance of Therapy 

with Unsealed Radiopharmaceutical Sources. Int J Radiat Oncol Biol Phys 2006;64: 
12991307.

Finlay IG, Mason MD, Shelley M. Radioisotopes for the Palliation of Metastatic Bone Cancer:  
A Systematic Review. Lancet Oncol 2005;6:392400.

Janjan NA, Delclos ME, Ballo MT, et al. Palliative Care. In: Cox JD, Ang KK, editors. Radiation 
Oncology: Rationale, Technique, Results. 8th ed. St. Louis: Mosby; 2003. pp. 954986.

Johnson JD, Young B. Demographics of Brain Metastasis. Neurosurg Clin North Am 1996;7: 
337344.

Kagan RA. Palliation of Brain and Spinal Cord Metastases. In: Perez CA, Brady LW, Halperin EC, 
et al, editors. Principles and Practice of Radiation Oncology. 4th ed. Philadelphia: Lippincott 
Williams & Wilkins; 2004. pp. 23732384.

Leonard GD, Brenner B, Kemeny NE. Neoadjuvant chemotherapy before liver resection for 
patients with unresectable liver metastases from colorectal carcinoma. J Clin Oncol 
2005;23:20382048.

Oosterhof G, Roberts JT, de Reijke TM, et al. Strontium89 Chloride Versus Palliative Local Field 
Radiotherapy in Patients with Hormonal Escaped Prostate Cancer: A Phase III Study of the 



690 Handbook of EvidEncE-basEd Radiation oncology

European Organisation for Research and Treatment of Cancer Genitourinary Group. Eur 
Urol 2003;44:519526.

Perez CA, Grigsby PW, Thorstad W. Nonsealed Radionuclide Therapy. In: Perez CA, Brady LW, 
Halperin EC, et al, editors. Principles and Practice of Radiation Oncology. 4th ed. 
Philadelphia: Lippincott Williams & Wilkins; 2004. pp. 636652.

Porter AT, Benda R, BenJosef E. Palliation of Metasteses: Bone and Spinal Cord. In: Gunderson 
LL, Tepper JE, editors. Clinical Radiation Oncology. 1st ed. Philadelphia: Churchill 
Livingstone; 2000. pp. 299313.

Ratanatharathorn V, Powers WE, Temple HT. Palliation of Bone Metastases. In: Perez CA, Brady 
LW, Halperin EC, et al, editors. Principles and Practice of Radiation Oncology. 4th ed. 
Philadelphia: Lippincott Williams & Wilkins; 2004. pp. 23852404.

Sahgal A, Larson DA, Chang EL. Stereotactic Body Radiosurgery for Spinal Metastases:  
A Critical Review. Int J Radiat Oncol Biol Phys 2008;71:652665.

Stevens, KR. The Liver and Biliary System. In: Cox JD, Ang KK, editors. Radiation Oncology: 
Rationale, Technique, Results. 8th ed. St. Louis: Mosby; 2003. pp. 493496.



691

XII

Chapter 43

Clinical Radiobiology and Physics

Gautam Prasad and Jean Pouliot

RADIOBIOLOGY PEARLS
The Four Rs of Radiobiology (rationale for fractionation of radiation)

JJ Repair – refers to DNA repair in response to sublethal or poten-
tially lethal radiation damage. Fractionation of radiation allows 
normal tissues time to repair.

JJ Reassortment – refers to radioresistant cells that synchronize 
into a more radiosensitive phase of the cell cycle after a frac-
tion of radiation. Over multiple fractions, more and more cells 
are redistributed into these radiosensitive phases.

JJ Repopulation – refers to tumor cell proliferation during the 
course of radiation therapy. This can be problematic with very 
low dose rates (VLDRs) or prolonged treatment durations.

JJ Reoxygenation – refers to the importance of oxygen in mediat-
ing the cytotoxic effects of radiation due to free radical produc-
tion. As normoxic tumor cells are killed with each fraction, 
formerly hypoxic cells become oxygenated.

DNA DAmAge AND ioNiziNg rADiAtioN
Photons produce their effects through both direct action (one–JJ

third) and indirect action (two–thirds). Direct action refers to 
direct damage to DNA, whereas indirect action is mediated 
through free radicals produced through ionization of H2O.
DNA damage to the cell can come in several forms:JJ

Base damage/single-strand breaks (SSBs) – repaired via base JJ

excision repair, not a major contributor to radiosensitivity.
Double-strand breaks (DSBs) – repaired via homologous JJ

recombination repair (in late S/G2, a DNA template is avail-
able) which is accurate, or nonhomologous end-joining 
which is error-prone. DSBs are a major contributor to radio-
sensitivity; ~40 DSBs are required to kill cell.
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Chromosome aberrations – result from unrepaired or misre-JJ

paired DSBs. Symmetric chromosome damage (e.g., translo-
cations) tends to be nonlethal, whereas asymmetric damage 
(e.g., rings) tends to be lethal due to the loss of large amounts 
of DNA.

JJ LET (linear energy transfer) – refers to the average energy 
transferred to tissue per unit length of an ionizing particle (in 
keV/µm). Generally, heavy particles like protons and carbon 
ions have high LET, while photons have lower LET.

JJ RBE (relative biological effectiveness) – refers to the ratio of 
the dose of 250 keV X-rays (standard) required for a given effect 
compared to a different type of radiation. The greatest RBE for 
cell-killing occurs when LET reaches 100 keV/µm since this is 
the diameter of a DNA double helix.

JJ OER (oxygen enhancement ratio) – refers to the ratio of the 
dose necessary to provide an effect under anoxic conditions 
divided by the dose necessary to provide the same effect under 
aerobic conditions. At low LET (such as for X-rays or g-rays), 
the OER is 2.5–3.0. This reflects that higher oxygen concentra-
tion leads to greater production of DNA-damaging free radicals 
by ionizing radiation. At high LET, OER approaches 1.0 since 
damage produced is mostly direct and oxygen-independent.

Cell survivAl Curves
A cell survival curve graphs the relationship between dose and JJ

the surviving fraction of cells. Dose is plotted on a linear scale 
and surviving fraction on a logarithmic scale.
The JJ linear-quadratic model (LQM) refers to the fact that most 
radiation-induced aberrations are a linear-quadratic function 
of dose. At low doses, DSBs are likely to be caused by a single 
electron, and aberrations are directly proportional to dose (lin-
ear). At higher doses, DSBs are likely to be caused by separate 
electrons and are proportional to the dose squared (quad-
ratic).
According to the LQM, S JJ 5 e2a(alpha)D2b(beta)D2

. Where S = surviving 
fraction, and a (alpha) and b (beta) represent the linear and 
quadratic components of cell-killing, respectively. The initial 
slope is determined by a (alpha), while the b (beta) causes the 
curve to bend.
Most tumors and early-responding tissues (e.g., mucosa) have JJ

a high a (alpha)/b (beta) ratio (~10), whereas some tumors 
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(e.g., prostate) and late-responding tissues (e.g., spinal cord) 
have a low a/b ratio (~3).
When treatments are fractionated, sublethal damage (SLD) JJ

can be repaired between treatments. This allows the “shoulder” 
of the survival curve to be repeated, thereby sparing late-
responding tissues. This is the basis for hyperfractionation 
during which treatments are given twice per day or more to 
mitigate late effects.
The JJ biological equivalent dose (BED) refers to the effective total 
absorbed dose (in Gy) for a given fractionation scheme if it 
were given by standard fractionation (1.8–2.0 Gy/day).

BED JJ 5 nd[11d/(a(alpha)b(beta))], where n = number of frac-
tions and d = the dose per fraction.

rADiAtioN AND the Cell CyCle AND DNA repAir
The cell cycle for mammalian cells can be divided into GJJ 1 (ini-
tial growth phase) → S (DNA replication phase) → G2 (addi-
tional growth phase) → M (mitotic phase). In general, the G2/M 
phases are the most radiosensitive and late S phase is most 
radioresistant.
Transition through the cell cycle is governed by cyclins and JJ

cyclin-dependent kinases (cdk). List of important checkpoints:
G1JJ →S governed by p53, Rb, Cyclin D1/Cdk4/6, and Cyclin  
E/Cdk2
S governed by Cyclin A/Cdk2JJ

G2JJ →M governed by Cyclin B/A/Cdk1
For a typical mammalian cell, a single fraction of radiation JJ

(1–2 Gy) results in >1,000 base damage, 1,000 SSB, and 40 
DSBs. DSBs are the most relevant in terms of cell-killing.
Base damage/SSB can be repaired by base excision repair JJ

(involves XRCC1 gene) or nucleotide excision repair. DSBs can 
be repaired by less accurate nonhomologous end-joining 
(involves proteins Ku/XRCC4/Artemis/DNA ligase IV) or more 
accurate homologous recombination repair (involves proteins 
NBS/MRE11/Rad51/BRCA1/BRCA2).
DNA damage can be categorized as:JJ

Potentially lethal damage (PLD) – would ordinarily cause JJ

cell death, but can be modified by postirradiation environ-
mental conditions; postulated that radiosensitive tumors 
repair PLD inefficiently, whereas radioresistant tumors have 
efficient mechanisms.
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Sublethal damage (SLD) – can be repaired in hours unless JJ

additional SLD is added; after a single fraction of radiation 
producing SLD, repair of DNA damage will occur; this is fol-
lowed by reassortment of surviving cells into the more radio-
sensitive G2/M phase; if too much time elapses between 
fractions, cells will repopulate.
Lethal damage – irreversible and leads to cell death by JJ

definition.
Dose-rate effect refers to repair of SLD that occurs during long JJ

radiation exposure. Smaller doses per fraction lead to a repeat of 
the shoulder on the survival curve. Continuous low-date irradia-
tion (such as I-125 seeds) would be considered an infinite num-
ber of infinitely small fractions leading to a survival curve with 
no shoulder and far shallower compared to acute exposures. The 
inverse-dose effect occurs when decreasing dose rate actually 
increases cell killing. This is because higher dose rates (HDRs) 
would cause arrest in radioresistant phases of the cell cycl
Important hereditary syndromes that affect response to DNA JJ

damage:
Ataxia-telangiectasia (AT); autosomal recessive; JJ ATM mutated; 
results in immune deficiency and high incidence of cancer.
Ataxia-telangiectasia-like disorder (ATLD); autosomal reces-JJ

sive; MRE11 mutated.
Nijmegen breakage syndrome (NBS); autosomal recessive; JJ

NBS1 mutated.
Fanconi anemia (FA); autosomal recessive; JJ FANCD2 mutated; 
enhanced radiosensitivity to tumors observed clinically.

effeCt of oxygeN
Oxygen “fixes” the free radical damage to DNA caused by JJ

X-rays. For this effect to be observed, oxygen must be present 
in the target at the time of irradiation or microseconds after-
wards. Generally, at least 2% oxygen concentration results in 
maximum radiosensitization.
In addition to rendering cells more radioresistant, both chronic JJ

and acute hypoxia also contribute to malignant and metastatic 
progression.
In animal models, there is a wide range of percentage of hypoxic JJ

cells with an average of about 15%. After a fraction of radiation 
in which tumor cells in aerobic conditions are killed, the 
remaining hypoxic cells tend to become reoxygenated. In this 
way, fractionation of radiation can improve tumor cell kill.
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HIF-1, through its oxygen-sensitive HIF-1JJ a subunit, is respon-
sible for up-regulation of a number of hypoxia-induced genes. 
Under normoxic conditions, it is degraded by the von Hippel-
Lindau (VHL) protein.

effeCts of ACute totAl boDy irrADiAtioN

Clinical effects from acute radiation syndrome have been drawn JJ

from effects of survivors of atomic bombings of Hiroshima and 
Nagasaki, as well as various nuclear installation accidents.
The LD50 (lethal dose in 50% of recipients) for humans who do JJ

not receive treatment for an acute dose is ~4 Gy; with antibiot-
ics and careful nursing, the LD50 can be increased to 7–8 Gy; 
acute doses of ³10 Gy are uniformly fatal; people receiving 
doses between 8 and 10 Gy may benefit from bone marrow 
transplantation.
Temporally acute effects of radiation exposure can be divided JJ

into the following:
Prodromal radiation syndrome: (20+ Gy can be severe, JJ

<20 Gy variable) timing depends on dose, but can occur 
~5 min – days; symptoms: fatigue, anorexia, nausea/vomit-
ing; symptoms if supralethal doses received: fever, hypoten-
sion, immediate diarrhea.
Cerebrovascular syndrome (50–100 Gy): death occurs in JJ

24–48 h; thought to primarily result from damage to intrac-
ranial blood vessels; symptoms: severe nausea/vomiting, 
ataxia, respiratory distress, coma, seizures.
Gastrointestinal syndrome (5–12 Gy): death occurs in 3–10 JJ

days; thought to result from death of intestinal crypt cells 
and/or apoptosis of vascular endothelial cells; symptoms: 
nausea/vomiting, prolonged diarrhea.
Hematopoietic syndrome (3–8 Gy): peak deaths at 30 days, JJ

continues for 60 days; results from death of hematologic 
stem cells resulting in eventual pancytopenia.

effeCts of rADiAtioN oN embryo/fetus
Preimplantation period (0–9 days): 0.05–0.15 Gy prenatal death.JJ

Organogenesis (10 days to 6 weeks): congenital malformations JJ

with increased risk for neonatal death, peak incidence of 
teratogenesis.
Fetal period (6 weeks to birth): microcephaly (0–15 weeks), JJ

mental retardation (~40%/Sv at 8–15 weeks; 10%/Sv at 15–25 
weeks), carcinogenesis (excess absolute risk ~6%/Gy).
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CommoN experimeNtAl teChNiques useD  
iN rADiobiology

Western blot – identification/quantification of specific protein.JJ

Cells of interest are lysed in the presence of protease inhibitorJJ

Lysates are run through a polyacrlyamide gel by electrical JJ

current, which leads to separation based on size
The gel is transferred by electrical current to a membraneJJ

The membrane is then probed with antibodies, which bind JJ

to the protein of interest
Southern blot – identification/quantification of specific DNA JJ

sequence.
Cells of interest have their DNA extracted and digested by JJ

endonucleases
DNA is then run on a polyacrlyamide gel and transferred to JJ

a membrane (see Western blot)
Labeled probes complementary to the DNA sequence of JJ

interest are used to identify target sequence
Northern blot – identification/quantification of a specific mRNA JJ

sequence; similar in principle to Southern blot.
Polymerase chain reaction (PCR) – is used to greatly amplify a JJ

specific sequence of DNA which has many useful applications 
including diagnosis of disease and generation of hybridization 
probes for Southern/Northern blotting.

Purified DNA is denatured at high temperatures so that com-JJ

plementary strands separate
Temperature is lowered so that single-stranded DNA may JJ

anneal to specific primers to amplify sequences of interest
Temperature is increased so that JJ taq polymerase amplifies 
sequences with primers
Each successive cycle doubles the DNA contentJJ

Reverse-transcriptase (RT-PCR) – is similar to PCR except that JJ

it can be used to amplify specific mRNA sequences. During the 
first step, the mRNA of interest is converted to DNA using the 
reverse-transcriptase enzyme.
Clonogenic assay – the gold standard to test cell survival (more JJ

precisely, reproductive cell death) after treatment with an 
agent(s). Cells are plated in plastic dishes, exposed to the 
agent(s) of interest and allowed to grow into colonies for sev-
eral days to several weeks. Prior to experiment, untreated cells 
must be plated to determine the plating efficiency = (colonies 
counted/cells plated × 100%). To determine survival after expo-
sure to an agent, use the formula colonies counted/cells plated 
× 100% × plating efficiency.



697cHaptER 43: clinical Radiobiology and pHysics

XII

RNA interference – gives the ability to “knock out” the  expression JJ

of specific genes by the introduction of short-interfering RNAs 
(siRNAs), which can cleave and silence specific RNA seq-
uences.
Microarray (gene chip) analysis – allow simultaneous analysis JJ

of expression of many genes. Cells of interest have their RNA 
extracted and reverse-transcribed to DNA. These short 
sequences are then exposed to chips with preloaded labeled 
complementary DNA strands of target genes.

rADiAtioN sAfety
Release criteria for patients treated with brachytherapy

isotope Activity at 
or below 
which 
patients may 
be released 
with 
instructions 
(mCi)

Dose rate at 
1 m  
at or below 
which patients 
may be released 
with 
instructions

Activity at or 
below which 
patients may 
be released 
with out 
instructions  
(mCi)

Dose rate at 
1 m at or 
below which 
patients may 
be released 
without 
instructions

I-125 9 0.01 mSv/h  
(1 mrem/h)

2 0.002 mSv/h 
(0.2 mrem/h)

Pd-103 40 0.03 mSv/h  
(3 mrem/h)

8 0.007 mSv/h 
(0.7 mrem/h)

Ir-192 2 0.008 mSv/h 
(0.8 mrem/h)

0.3 0.002 mSv/h 
(0.2 mrem/h)

I-131 33 0.07 mSv/h  
(7 mrem/h)

Release criteria can be based on either of these measures. For patients 
who exceed these levels, they can still be released with instructions if 
a calculation can be provided which proves no member of family or 
general public could receive more than 5 mSv (0.5 rem) as a result of 
exposure from the patient, or that lead shielding is provided (e.g., lead 
cap for brain patients) to reduce the dose rate level at 1 m.

ANNuAl oCCupAtioNAl Dose limits

Occupational effective dose  
equivalent (EDE) for whole body

50 mSv (5 rem)/year

Occupational EDE for declared  
pregnant workers (fetus)

0.5 mSv (0.05 rem)/month

continued
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General public EDE, frequent/ 
continuous exposure

1 mSv (0.1 rem)/year

General public EDE, infrequent  
exposure

5 mSv (0.5 rem)/year

Note: 1 rem = 0.01 Sv
Background radiation in the San Francisco Bay Area is in the range 
2–2.5 mSv/year. Dose equivalent flying from San Francisco to New 
York round trip is <0.06 mSv. This is comparable to standing 24 h at 
one meter of a patient recently treated for prostate cancer with a per-
manent implant.

tumor mArkers

tumor  
marker

primary tumor other tumors benign 
conditions

AFP Hepatocellular 
carcinoma, 
nonseminomatous  
germ cell tumors 
(yolk sac tumors 
and embryonal  
cell carcinoma)

Gastric, biliary, 
and pancreatic

Cirrhosis, 
viral hepatitis, 
pregnancy

b-2 micro-
globulin

Multiple  
myeloma

Other B-cell 
neoplasms, lung, 
hepatoma, breast

Ankylosing 
spondylitis, 
Reiters syndrome

CA 125 Ovarian Endometrial, 
fallopian tube, 
breast, lung, 
esophageal, 
gastric, hepatic, 
and pancreatic

Menstruation, 
pregnancy, 
fibroids, ovarian 
cysts, pelvic 
inflammation, 
cirrhosis, 
ascites, pleural 
and pericardial 
effusions, 
endometriosis

CA 15-3 Breast Ovary, lung, 
prostate

Benign breast or 
ovarian disease, 
endometriosis, 
pelvic 
inflammatory 
disease, hepatitis, 
pregnancy, 
lactation

continued
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CA 19-9 Pancreatic,  
biliary tract

Colon, esophageal, 
hepatic

Pancreatitis, 
biliary disease, 
cirrhosis

CA 27.29 Breast Colon, gastric, 
hepatic, lung, 
pancreatic, 
ovarian, prostate

Breast, liver, and 
kidney disorders, 
ovarian cysts

Calcitonin Medullary thyroid Metastatic breast, 
lung, pancreas, 
hepatoma, renal 
cell, carcinoid

Zollinger-Ellison 
syndrome, 
pernicious 
anemia, chronic 
renal failure, 
cirrhosis, 
Paget’s disease, 
pregnancy, 
benign breast, or 
ovarian disease

CEA Colorectal Breast, lung, 
gastric, pancreatic, 
bladder, medullary 
thyroid, head 
and neck, 
cervical, hepatic, 
lymphoma, 
melanoma

Cigarette 
smoking, peptic 
ulcer disease, 
inflammatory 
bowel disease, 
pancreatitis, 
hypothyroidism, 
cirrhosis, biliary 
obstruction

Gamma 
globulin

Multiple 
myeloma, macro-
globulinemia

Leukemia Chronic 
infections, 
hepatic disease, 
autoimmune 
diseases, collagen 
diseases

Neuron-
specific 
enolase

Neuroblastoma, 
small cell lung 
cancer

Wilms’ tumor, 
melanoma, 
thyroid, kidney, 
testicle, pancreas

Prostatic 
acid phos-
phatase

Prostate Testicular, 
leukemia, 
non-Hodgkin’s 
lymphoma

Paget’s disease, 
osteoporsis, 
cirrhosis, 
pulmonary 
embolism, 
hyperpara-
thyroidism

continued
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PSA Prostate None Prostatitis, BPH, 
prostate trauma,  
after ejacu lation

Thyro-
globulin

Differentiated 
thyroid cancer  
(not medullary)

Hyper thyroidism, 
Subacute thy-
roiditis, benign 
adenoma

b-HCG Nonseminomatous 
germ cell tumors 
(embryonal cell 
carcinoma, chorio-
carcinoma), 
gesta tional 
trophoblastic 
disease

Rarely, 
gastrointestinal 
tumors, seminoma 
(occasional 
minimal)

Hypogonadal 
states, marijuana 
use

immuNopheNotypiNg
All lymphoid cells = CD45+JJ

B-cells = CD19+, CD20+, CD22+JJ

T-cells = CD2+, CD3+, CD5+, CD7+. CD4+ = helper cells, CD8+ = cyto-JJ

toxic cells
Natural-killer cells = CD16+, CD56+, CD57+JJ

Follicular cell lymphoma = CD 5−, CD10+, CD43−JJ

Mantle cell lymphoma = CD 5+, CD23−, CD43+JJ

MALT lymphoma = CD 5−, CD10−, CD23−JJ

Hodgkins’ disease = CD15+, CD30+JJ

CytogeNetiCs
t(2:13) and t(1:13) = Alveolar rhabdomyosarcomaJJ

t(8:14) and t(8:22) = Burkitt’s lymphoma and B-cell ALL (C-MYC JJ

gene)
t(11:14) = Mantle cell lymphoma (BCL-1 gene, cyclin D1 JJ

overexpression)
t(11:22) = Ewing’s sarcoma and PPNETJJ

t(12:22) = Clear cell sarcomaJJ

t(14:18) = Follicular lymphoma and diffuse large B-cell lym-JJ

phoma (BCL-2 gene)
t(14:19) = Chronic lymphocytic leukemia (BCL-3 gene)JJ

t(X:18) = Synovial cell sarcomaJJ
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PHYSICS PEARLS
AtomiC struCture AND NuCleAr DeCAy

Atoms consist of a small central core or nucleus surrounded by JJ

a cloud of electrons in orbit; the vast majority of atomic mass 
lies in the nucleus.
Elements and isotopes are denoted with the following abbreviation JJ

AX
Z  where A is the element on the periodic table, X = mass num-
ber = neutrons + protons, Z = atomic number = protons = electrons.
Gamma rays are produced intranuclearly (e.g., radioactive JJ

decay) and X-rays are produced extranuclearly (e.g., linear acce-
le rator).
Proton mass ~ Neutron mass ~1.01 atomic mass units (amu); JJ

mass-energy equivalence is described by Einstein’s famous 
E = mc2; therefore, 1 amu = 931.5 MeV (electron volt) defined as 
the kinetic energy acquired by passing an electron though a 
potential difference of 1 V.
Arrangement of electrons is in orbits or shells denoted by JJ K 
(innermost), L, M, N, O, etc. Maximum number of electrons 
per orbit is 2n2 (where n depends on shell, K = 1, L = 2, etc.).
Four fundamental forces of nature in order of decreasing JJ

strength: strong nuclear, electromagnetic, weak nuclear, gravity.
The binding energy of electrons refers to the magnitude of JJ

force (in Coulombs) between the electrons and nucleus; high Z 
atoms have greater binding energies because of greater nuclear 
charge; if inner orbital electrons are ejected from the atom, 
they will be filled by higher orbital electrons resulting in char-
acteristic X-ray production.
Nuclei are most stable at certain numbers of nucleons (neu-JJ

trons + protons): 2, 8, 20, 82, 126. Also nuclei with odd numbers 
of protons and neutrons are less stable than those with even 
numbers of both.
The rate of nuclear decay (or radioactivity) is described by JJ

N = N0e
−lt, where N is activity at time (t) and N0 is initial activity 

and l is the rate decay constant; activity can be described in 
curies (Ci) where 1 Ci = 3.7 × 1010 dps (disintegrations/sec); 
1 dps = 1 Becquerel (Bq) = 2.7 × 10−11 Ci.
When JJ N = 0.5(N0), the half-life (T1/2) of a radioisotope has been 
reached; this can also be described as T1/2 = 0.693/l; the mean 
life (Tave) or average lifetime for decay of a radioactive nucleus 
can be described as Tave = 1/l = 1.44*T1/2.
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JJ Radioactive equilibrium refers to the ratio between the activity 
of the parent isotope and its daughter product.

In JJ transient equilibrium, the T1/2 of the parent is not too much 
greater than T1/2 of the daughter.
In JJ secular equilibrium, the half-life of the parent isotope is 
much longer than that of the daughter.

moDes of rADioACtive DeCAy

type formula Notes

Alpha decay QY
A−4
Z−2X

A
Z

+ +→ He
4
2 Q = energy released

Positron decay  
(b plus decay)

XA
Z

QYA
Z−1

→ +++ n+1b0 v  =  neut r ino ;  Q  =  energy 
released; produces positrons 
(useful in nuclear medicine)

Negatron decay  
(b minus decay)

~XA
Z

QYA
Z+1

→ +++ n
−1

b0 ~n = antineutrino; Q = energy 
released; com mon in reactor-
produced isotopes (e.g., 60Co)

Electron  
capture

~P QY
0

1
1 → ++ + n

−1
b0 1 An orbital electron (usually 

from K shell) is captured 
by nuclear proton which 
is converted to neutron; 
competitive with positron 
decay in nuclei with neutron 
deficiencies

Internal  
conversion

b0−1g0
0 +→+ YX A

Z
A
Z A gamma ray is ejected from 

the nucleus, and in turn, 
ejects an orbital electron; 
the gamma ray is completely 
absorbed; the orbital vacancy 
is filled by an outer shell 
electron resulting in emission 
of a characteristic X-ray

photoNs AND their iNterACtioNs
The photon is a chargeless basic quantum particle that exhibits JJ

wave-particle duality.
In linear accelerators (linacs), electrons are accelerated through JJ

an electric field and are rapidly decelerated in a target material 
such as tungsten. This results in the production of X-rays of 
varying energies. The basic unit of X-rays are photons.
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X-ray production can be achieved by two major mechanisms. JJ

In Bremmstrahlung radiation, an accelerated electron changes 
direction when it comes into the proximity of a positively 
charged nucleus, resulting in photon production. Characteristic 
X-rays are produced when an accelerated electron knocks an 
inner orbital electron out of its shell. This causes an outer shell 
electron to fill in the vacancy which subsequently results in 
photon production. The energy of this photon is the difference 
in binding energies of the two electrons.
Photon beams are attenuated as they pass through matter JJ

and the degree of attenuation depends on both the thickness 
(x) and the linear attenuation coefficient (µ) of the material. 
This relationship can be described by I(x) 5 I0e

–mx. I0 repre-
sents the intensity of the beam prior to attenuation, µ has 
units of (distance)−1 and it represents the fraction of incom-
ing photons that are removed from the beam per unit thick-
ness of material.

CommoN photoN eNergies AND AtteNuAtioN properties
energy ~tissue attenuation/cm (%) ~Dmax (cm)
Co-60 (1.25 MV) 5 0.5

6 MV 3.5 1.5

18 MV 2.4 3.0

The mass attenuation coefficient (JJ mm) is equal to m/r where r is 
the density of the material (in gm/cm3). Unlike the linear atten-
uation coefficient, the mass attenuation coefficient does not 
vary much for different materials for photons in the therapeu-
tic range.
Derived from the above equation, the half-value layer [HVL] JJ

(e.g., the thickness of a given material required to attenuate the 
beam intensity to one-half) can be expressed as 

0
0

2
e−I m(HVL)= I . 

Solving for HVL yields, m
0.693HVL = .

If all photons are of the same energy (monoenergetic), the JJ

first HVL is identical to subsequent HVLs. However, for poly-
energetic photons, the first HVL is smaller than subsequent 
HVLs because of beam hardening. In other words, more 
material is required to remove the remaining higher energy 
photons.
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summAry of mAjor photoN iNterACtioNs

photoelectric  
effect

Compton  
scattering

pair  
production

Brief 
description

Accelerated 
electron knocks 
inner orbital 
electron out of its 
shell; this leads 
to outer orbital 
electron filling 
in vacancy and 
production of 
characteristic 
X-ray

A photon 
hits an outer 
orbital electron 
causing it to be 
ejected from 
an atom; the 
photon is itself 
scattered

A photon hits 
the nucleus and 
produces an electron 
and positron

Prevalent 
at which 
energies in 
tissue?

E < 30 keV 
(diagnostic 
radiology)

30 keV < E < 25  
MeV (Linacs)

E > 5 MeV (present) 
E > 25 MeV 
(dominant)

Dependence 
of mass 
attenuation 
coefficient 
on atomic 
number

Z3 (attenuation is 
variable based on 
Z of material; this 
results in good 
contrast between 
air, tissue, and 
bone)

Nearly indepen-
dent of Z 
(proportional to 
electron density 
and provides 
poor contrast)

Z

brAChytherApy
Brachytherapy is a form of radiation therapy where the radio-JJ

active source(s) are placed near or in the target to be treated.
Brachytherapy can be categorized in different ways; by the JJ

source type, the anatomical site, the applicator type, the type of 
implants, or by the dose rate, HDR or LDR. None of these cat-
egories is complete by itself.
There are three major types of brachytherapy implants: (1) JJ

Molds/plaques – used for superficial lesions where radioactive 
sources are placed over skin or orbital lesions, (2) Interstitial 
implants – radioactive sources are incased in wire or seeds and 
inserted in tumor (e.g., prostate), (3) Intracavitary implants – 
sealed radioactive sources are placed inside a body cavity (e.g., 
cervix). Temporary seed insertion and removal are now per-
formed with computerized afterloaders.
High-dose rate (HDR) implants use dose rates of >20 cGy/min. JJ

Lower than this is generally termed low dose rate (LDR).
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mAjor rADioNuCleotiDes useD iN brAChytherApy

radio
nucle
otide

halflife photon 
energy  
(mev)

hvl  
(mm 
pb)

Clinical use

I-125 59.4 days 0.0028 avg 0.025 Permanent prostate 
implant

Pd-103 17.0 days 0.021 avg 0.008 Permanent prostate 
implant

Cs-131 9.7 days 0.029–0.034 0.030 Permanent prostate 
implant

Au-198 2.7 days 0.412 2.5 Permanent head and 
neck implant

Cs-137 30 years 0.662 5.5 Temporary 
intracavitary implants

Ir-192 73.8 days 0.38 avg 2.5 Temporary 
intracavitary  
or interstitial implants 
(HDR) for prostate, 
breast, cervix. Also 
used for skin

Co-60 5.26 years 1.25 avg 13.07 Older source for 
teletherapy

Ra-226 1,622 year 0.83 avg 12 Historical interest

Rn-222 3.83 days 0.83 avg 12 Temporary implant

Note that the photon energies used in brachytherapy sources are JJ

far lower than for external beam. But more importantly, the 
sources are placed in or very close to the tumor. The inverse 
square law is of paramount importance in brachytherapy treat-
ment planning. Briefly, this law states that the energy absorbed at 
a given distance from a point source is inversely proportional to 
the square of the distance of the source. This is denoted by 1/r2.
There are three ways of quantifying radioactivity: (1) mCi (see JJ

above), (2) mg-Ra (milligram equivalent of radium) (obsolete), or 
(3) air-kerma strength (the current standard). Air-kerma strength is 
the dose rate in air at a specified distance in units of (Gy)(m2)/h.
Various systems exist for placing interstitial implants inclu-JJ

ding:
Quimby system: radioactive sources are distributed uni-JJ

formly over volume of tissue leading to nonuniform dose.
Manchester system: radioactive sources are distributed non-JJ

uniformly with the goal of ±10% dose uniformity.
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Paris system: developed for linear sources of iridium wire; JJ

sources are distributed uniformly for a planar implant, but 
follow a particular pattern for volume implants.

All these systems have an important historical purpose, but JJ

have been replaced entirely by computerized dose planning. At 
UCSF, all HDR treatments are planned with inverse planning 
using IPSA, an image-based anatomy driven dose optimization 
tool. This is the equivalent of IMRT for brachytherapy.
Modern implants are placed temporarily into a volume with JJ

the use of surgically placed catheters or intracavitary applica-
tors. By positioning sources at a given position for variable 
periods of time (called dwell times), one can produce confor-
mal dose distributions.

photoN Dose DistributioNs AND plANNiNg formulAs
In order to perform photon dose calculations, three key vari-JJ

ables are important: (1) attenuation (see above) in tissue, (2) 
inverse square law (see above) or the distance from the radia-
tion source, and (3) photon scattering due to the Compton 
effect (see above).
Generally radiation doses are given in the unit Gray (Gy), which JJ

represents absorbed dose (specifically 1 J/kg of tissue). However, 
in clinical practice, this is difficult to measure, so we instead use 
monitor units (MUs). A MU represents a specific amount of charge 
collected in one of the beam monitoring ionization chambers.
A JJ depth-dose curve is a graphical illustration of photon attenu-
ation as it passes through matter. Note that since photons exert 
their effects primarily through indirect action, the maximum 
dose is not at the surface. The fact that the maximum dose  
(Dmax) is not at the skin gives photons their skin sparing effect. 
Note that the depth-dose curve for protons is notable for the 
Bragg peak. This refers to the dose of protons being distributed 
over a narrow range, unlike photons.
Useful photon planning formulas:JJ

JJ Equivalent square formula: used to convert rectangular fields 
into square equivalents for ease of calculation; E = 2XY/ 
(X + Y), where E = equivalent square field size, and X and Y 
are the initial field dimensions.

JJ Wedge/hinge angle formula: used to estimated necessary 
wedge angle when two beams are arranged at a particular 
hinge angle to each other in order to produce a more uni-
form dose distribution; wedge angle = 90° – (hinge angle/2).
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JJ Skin gap formula for matching fields: used to calculate the 
separation between two field edges (e.g., the gap) on the skin 
when they are matched at a given depth in tissue.

Skin gap = (L1/2)*(d/SSD1) + (L2/2)*(d/SSD2).JJ

JJ L = length of the field, d = depth of match, SSD = source to 
surface distance; for isocentric setups substitute SAD for 
SSD (Fig. 43.1).

JJ Craniospinal radiation formulas:
Collimator angle of cranial field to match the inferior JJ

border with the superior border of spine field = atan [(1/2 
spine field length)/SSD] (Fig. 43.2).
Couch angle to make superior edge of spine field parallel JJ

to inferior border of cranial field = atan [(1/2 cranial field 
length)/SAD] (Fig. 43.3).

eleCtroN Dose DistributioNs
Unlike photons, electrons deposit most of their dose at the sur-JJ

face. Also unlike photons, as the energy of electrons increases, 
the percentage of dose deposited at the surface increases.
The 4:3:2 rule for electrons refers to the fact that the 90% isodose JJ

line for electrons is generally MeV/4, the 80% isodose line is 
generally MeV/3, and the effective range of electrons is 
MeV/2.
The amount of Pb shielding required for electrons may be esti-JJ

mated as MeV/2 (in mm).

iCru DefiNitioNs
Gross tumor volume (GTV): gross tumor by physical exam and/JJ

or imaging, including primary tumor, metastatic lymphade-
nopathy, or other metastases.

SSD1 SSD2

L1 L2
d

Fig. 43.1 Diagram for skin gap formula
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Fig. 43.2 Diagram of collimator angle of cranial field used to match diver-
gence of spine field

Clinical target volume (CTV): tissue volume that contains GTV JJ

and area at risk of subclinical microscopic disease.
Internal margin (IM): may be added to CTV to compensate for JJ

internal physiological movement and variation in size, shape, 
or position of the CTV, such as related to filling of bladder or 
respiratory movement.
Internal target volume (ITV): volume encompassing the CTV JJ

and IM (ITV = CTV + IM).
Planning target volume (PTV): PTV = CTV + IM + setup margin JJ

(SM) for setup uncertainty. The penumbra of the beam(s) is not 
considered when delineating the PTV. However, when selecting 
beam sizes, the width of the penumbra has to be taken into 
account and the beam size adjusted accordingly.
Organs at risk (OAR): normal tissues whose radiation sensitiv-JJ

ity may significantly influence treatment planning and/or the 
prescribed dose.
Planning organ at risk volume (PRV): analogous to PTV for JJ

OAR. PRV = OAR + IM + SM.
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XII

Treated volume: volume enclosed by an isodose surface (e.g., JJ

95% isodose), selected and specified by radiation oncologist as 
being appropriate to achieve the purpose of treatment. Ideally, 
treated volume would be identical to PTV, but may also be con-
siderably larger than PTV.
Irradiated volume: tissue volume receives a dose that is consid-JJ

ered significant in relation to normal tissue tolerance. Dose 
should be expressed either in absolute values or relative to the 
specified dose to the PTV.

Acknowledgments Special thanks to Paula Petti and John Murnane for 
their Physics and Radiobiology teaching, which assisted in the prepara-
tion of this chapter.

Fig. 43.3 Diagram of couch angle to make superior edge of spine field paral-
lel to inferior border of cranial field
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APPENDIX A: PERFORMANCE 
STATUS SCALES

KarnofsKy performance status

100 Normal; no complaints; no evidence of disease
90 Able to carry on normal activity; minor signs or 

symptoms of disease
80 Normal activity with effort; some signs or 

symptoms of disease
70 Cares for self; unable to carry on normal activity 

or to do active work
60 Requires occasional assistance, but is able to 

care for most of his/her personal needs
50 Requires considerable assistance and frequent 

medical care
40 Disabled; requires special care and assistance
30 Severely disabled; hospital admission is indicated 

although death not imminent
20 Very sick; hospital admission necessary; active 

support treatment necessary
10 Moribund; fatal processes progressing rapidly
0 Dead

From Karnofsky D, Abelman W, Craver L, Burchenal J. The use of 
nitrogen mustards in the palliative treatment of carcinoma. Cancer 
1948;1:634-656, with permission.

ecoG performance status

0 Fully active, able to carry on all pre-disease 
performance without restriction

1 Restricted in physically strenuous activity but 
ambulatory and able to carry out work of a 
light or sedentary nature (e.g., light house 
work, office work)

2 Ambulatory and capable of all self-care but 
unable to carry out any work activities. Up and 
about more than 50% of waking hours
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3 Capable of only limited self-care, confined to 
bed or chair more than 50% of waking hours

4 Completely disabled. Cannot carry on any self-
care. Totally confined to bed or chair

5 Dead

From Oken MM, Creech RH, Tormey DC, et al. Toxicity and Response 
Criteria of The Eastern Cooperative Oncology Group. Am J Clin Oncol 
1982;5:649-655, with permission
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APPENDIX C: INTRAVASCULAR 
CONTRAST SAFETY

iDentify patients at increaseD risK for wHom Low-
osmoLaLity contrast meDia is preferreD

History of prior contrast reaction.JJ

Asthma.JJ

Prior severe allergic reactions to other materials.JJ

Patients with congestive heart failure, dysrhythmia, unstable JJ

angina, recent myocardial infarction, pulmonary HTN.
Renal insufficiency (particularly with diabetes).JJ

Diabetes melitus.JJ

Metformin – must be discontinued at the time of exam and not JJ

re-started until renal function re-evaluated 48 h exam.
Multiple myeloma (due to paraprotein renal insufficiency).JJ

Sickle cell.JJ

Pheochromocytoma.JJ

Myasthenia gravis.JJ

premeDication reGimen for at-risK patients wHo require 
iv contrast aDministration

Encourage good oral or IV hydration for at least 12 h before and JJ

after injection.
Prednisone 50 mg po at 13 h, 7 h, and 1 h before contrast medium JJ

injection.
Benadryl 50 mg po or IV 1 h before contrast medium injection.JJ

Use nonionic low osmolatity contrast medium.JJ

manaGement of acute reactions in aDuLts
JJ Urticaria: Stop the injection. Give diphenhydramine PO/IM/IV 
25–50 mg. If severe urticaria, give epinephrine SC (1:1,000) 
0.1–0.3 mL (=0.1–0.3 mg) if no cardiac contraindications.

JJ Facial or laryngeal edema: Assess patient. Give oxygen via 
mask. Start at 6–10 L/min. Give epinephrine SC or IM (1:1,000) 
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0.1–0.3 mL (=0.1–0.3 mg). If hypotension present, give epi-
nephrine (1:10,000) slowly IV 1–3 mL (=0.1–0.3 mg). Repeat 
up to 1 mg as needed. If not responsive, call for assistance 
(e.g., cardiopulmonary arrest code team).

JJ Bronchospasm: Assess patient. Give oxygen via mask. Start at 
6–10 L/min. Monitor vital signs. Give bronchodilator (e.g., 
Albuterol 2–3 puffs). If unresponsive to inhaler, use epineph-
rine as above. If not responsive or oxygen saturation persists 
<88%, call for assistance (e.g., code team).

JJ Hypotension: Assess patient. Elevate legs or Trendeleburg posi-
tion. Give oxygen via mask at 6–10 L/min. Monitor vital signs, 
pulse oximetry, ECG. Secure IV access and administer IV fluids 
(normal saline or Ringer’s lactate). If persistent bradycardia, 
administer atropine 0.6–1 mg IV slowly. If poorly responsive, 
call for assistance (e.g., code team). Ensure complete resolu-
tion of hypotension prior to discharge.

JJ Hypertension: Assess patient. Give oxygen via mask at 6–10  
L/min. Monitor vital signs, pulse oximetry, ECG. Give sublin-
gual nitroglycerine 0.4 mg (may repeat ×3). If no response, con-
sider labetalol 20 mg IV. If poorly responsive, call for assistance 
(e.g., code team) or transfer to Emergency Department.

JJ Seizures or convulsions: Assess patient. Give oxygen via mask 
at 6–10 L/min. Monitor vital signs, pulse oximetry. Consider 
diazepam 5 mg IV or midazolam 0.5–1 mg IV. If poorly respon-
sive, call for assistance (e.g., code team) or transfer to 
Emergency Department.

JJ Pulmonary edema: Assess patient. Elevate torso. Give oxygen 
via mask at 6–10 L/min. Monitor vital signs, pulse oximetry. 
Consider furosemide 20–40 mg IV slowly, morphine 1–3 mg. 
Call for assistance (e.g., code team) or transfer to Emergency 
Department.
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Abbreviations

3D	 3-dimensional
3DCRT	 3-dimensional	conformal	radiotherapy
5-FU	 5-flourouracil
AA	 Anaplastic	astrocytoma
ABMT	 Autologous	bone	marrow	transplant
abstr.	 Abstract
ACS	 American	Cancer	Society
ACTH	 Adrenocorticotropic	hormone
ADR	 Doxorubicin
AFP	 Alpha	fetoprotein
AIDS	 Acquired	immune	deficiency	syndrome
AMD	 Dactinomycin
AML	 Acute	myeloid	leukemia
AP	 Anterior-posterior
APR	 Abdominoperineal	resection
ASCO	 American	Society	of	Clinical	Oncology
ASTRO	 	American	 Society	 for	 Therapeutic	 Radiology	 and	

Oncology
BCC	 Basal	cell	carcinoma
BCG	 Bacillus	Calmette-Guerin
bPFS	 Biochemical	progression-free	survival
BUN	 Blood	urea	nitrogen
c	 Cycles	(e.g.,		=	for	two	cycles)
ca	 Cancer
CALGB	 Cancer	and	Leukemia	Group	B
CBC	 Complete	blood	count
cCR	 Clinical	complete	response
CESS	 German	Cooperative	Ewing’s	Sarcoma	Study
cGy	 CentiGray
Chemo	 Chemotherapy
Chemo-RT	 Chemo-radiotherapy
CHOP	 	Cyclophosphamide,	doxorubicine,	vincristine,	&	pred-

nisone
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CIS	 Carcinoma	in	situ
CN	 Cranial	nerve	(e.g.,	CN	X)
COG	 Children’s	Oncology	Group
CR	 Complete	response
Cr	 Creatinine
CR	 Complete	response
CSF	 Cerebrospinal	fluid
CSI	 Craniospinal	irradiation
CSS	 Cause-specific	survival
CT	 Computed	tomography
CTV1	 Clinical	target	volume	1
CTV2	 Clinical	target	volume	2
Cu	 Copper
CXR	 Chest	X-ray
CY	 Cyclophosphamide
D&C	 Dilation	and	curettage
DCIS	 Ductal	carcinoma	in	situ
DES	 Diethylstibestrol
DFS	 Disease-free	survival
DLBCL	 Diffuse	large	B	cell	lymphoma
DLCO	 Diffusing	capacity
DM	 Distant	metastases
Dmax	 Maximum	dose
DRE	 Digital	rectal	exam
DRR	 Digitally-reconstructed	radiograph
DSS	 Disease	specific	survival
DVH	 Dose-volume	histogram
EBCTCG	 Early	Breast	Cancer	Trialists’	Collaborative	Group
EBRT	 External	beam	radiation	therapy
EBV	 Epstein–Barr	virus
ECE	 Extracapsular	extension
ECOG	 Eastern	Cooperative	Oncology	Group
EFS	 Event-free	survival
EFRT	 Extended	field	radiotherapy
EGD	 Esophogastroduodenoscopy
EORTC	 	European	Organisation	for	Research	and	Treatment	

of	Cancer
EPID	 Electronic	portal	imaging	device
ERCP	 Endoscopic	retrograde	cholangiopancreatography
ESR	 Erythrocyte	sedimentation	rate
ETE	 Extra-thyroid	extension
EtOH	 Alcohol
EUA	 Exam	under	anesthesia
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EUS	 Endoscopic	ultrasound
FEV1	 Forced	expiratory	volume	in	1	second
FFF	 Freedom	from	failure
FFP	 Freedom	from	progression
FFS	 Failure-free	survival
FH	 Family	history
FOBT	 Fecal	occult	blood	test
fx	 Fraction(s)
GBM	 Glioblastoma	multiforme
GERD	 Gastroesophageal	reflux	disease
GHSG	 German	Hodgkin’s	Study	Group
GS	 Gleason	score
GTR	 Gross	total	resection
GTV	 Gross	tumor	volume
GU	 Genitourinary
Gy	 Gray
H&N	 Head	and	neck
H&P	 History	and	physical	exam
hCG	 Human	chorionic	gonadotropin
HCV	 Hepatitis	C	virus
HDR	 High	dose	rate
HIV	 Human	immunodeficiency	virus
HNPCC	 Hereditary	non-polyposis	colon	cancer
HPV	 Human	papilloma	virus
HTN	 Hypertension
HVL	 Half-value	layer
Hx	 History
IC	 Intracavitary
IDL	 Isodose	line
IESS	 Intergroup	Ewing’s	Sarcoma	Study
IE	 Ifosfamide	and	etoposide	(VP-16)
IFN	 Interferon
IFRT	 Involved-field	radiation	therapy
IGRT	 Image-guided	radiotherapy
IJROBP	 	International Journal of Radiation Oncology Biology 

Physics
IMRT	 Intensity	modulated	radiotherapy
INSS	 International	Neuroblastoma	Staging	System
Int	 Intergroup
IORT	 Intraoperative	radiation	therapy
IS	 Interstitial
IVC	 Inferior	vena	cava
IVP	 Intravenous	pyelogram
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JCO	 Journal of Clinical Oncology
JPA	 Juvenile	pilocytic	astrocytoma
LAR	 Low	anterior	resection
LC	 Local	control
LCSG	 Lung	Cancer	Study	Group
LDH	 Lactate	dehydrogenase
LDR	 Low	dose	rate
LF	 Local	failure
LFTs	 Liver	function	tests
LN	 Lymph	node(s)
LND	 Lymph	node	dissection
LR	 Local	recurrence/relapse
LRC	 Local-regional	control
LRF	 Local-regional	failure
LVEF	 Left	ventricular	ejection	fraction
LVSI	 Lymphovascular	space	invasion
MALT	 Mucosa	associated	lymphoid	tissue
MFH	 Malignant	fibrous	histiosarcoma
mm	 millimeter
MRC	 Medical	Research	Council
MRI	 Magnetic	resonance	imaging
MRSI	 Magnetic	resonance	spectroscopy	imaging
MS	 Median	survival
MUGA	 Multiple	gated	acquisition	scan
N0	 Node	negative
N+	 Node	positive
NCCN	 	National	 Comprehensive	 Cancer	 Network	 (www.

nccn.org)
NCI	 National	Cancer	Institute
NCIC	 National	Cancer	Institute	of	Canada
NED	 No	evidence	of	disease
NEJM	 New	England	Journal	of	Medicine
NHL	 Non-Hodgkin’s	Lymphoma
NPV	 Negative	predictive	value
NPX	 Nasopharynx
NSABP	 	National	Surgical	Adjuvant	Breast	and	Bowel	Project
NSCLC	 Non-small	cell	lung	cancer
NSGCT	 Non-seminomatous	germ	cell	tumor
NWTS	 National	Wilms’	Tumor	Study
OPX	 Oropharynx
OS	 Overall	survival
PA	 Posterior-anterior
Pb	 Lead
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pCR	 Pathologic	complete	response
PET	 Positron	emission	tomography
PLAP	 Placental	alkaline	phosphatase
PNET	 Primitive	neuroectodermal	tumor
PNI	 Perineural	invasion
Post-op	 Post-operative
PPV	 Positive	predictive	value
PR	 Partial	response
Pre-op	 Pre-operative
PS	 Performance	status
PSA	 Prostate	specific	antigen
PTV	 Planning	target	volume
PUVA	 Psoralen	and	ultraviolet	light	A
QOL	 Quality	of	life
RAI	 Radioactive	iodine
RBE	 Relative	biological	effectiveness
RCC	 Renal	cell	carcinoma
RFS	 Relapse-free	survival
RP	 Radical	prostatectomy
RT	 Radiation	therapy
RTOG	 Radiation	Therapy	Oncology	Group
S/P	 Status	post
SCC	 Squamous	cell	carcinoma
SCID	 Severe	combined	immunodeficiency
SCLC	 Small	cell	lung	cancer
SCV	 Supraclavicular
SI	 Sacroiliac
SIADH	 Syndrome	of	inappropriate	antidiuretic	hormone
SPEP	 Serum	protein	electrophoreses
SRS	 Stereotactic	radiosurgery
STD	 Sexually	transmitted	disease
STLI	 Subtotal	lymphoid	irradiation
STR	 Subtotal	resection
SWOG	 Southwest	Oncology	Group
T&O	 Tandem	&	Ovoid
TAH/BSO	 	Total	 abdominal	hysterectomy	 /	 bilateral	 salpingo-

oophorectomy
TBI	 Total	body	irradiation
TCC	 Transitional	cell	carcinoma
TMP/SMX	 Trimethoprim/sulfamethoxazole
TNM	 Tumor	Node	Metastasis
TRUS	 Transrectal	ultrasound
TSH	 Thyroid	stimulating	hormone
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TURBT	 Transurethral	resection	of	bladder	tumor
UA	 Urinalysis
UCSF	 University	of	California,	San	Francisco
UPEP	 Urine	protein	electrophoreses
US	 United	States	of	America
US	 Ultrasound
USO	 Unilateral	salpingo-oophorectomy
UVB	 Ultraviolet	light	B
VAC	 Vincristine,	actinomycin-D,	and	cyclophosphamide
VDC	 Vincristine,	doxorubicin,	cyclophosphamide
VDCA	 	Vincristine,	 doxorubicin,	 cyclophosphamide,	 and	

actinomycin-D
VCR	 Vincristine
VP-16	 Etoposide
VM	 Vincristine	and	melphalan
WHO	 World	Health	Organization
WLE	 Wide	local	excision
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Index

A
Abdominoperineal resection 

(APR), with colostomy, 
for anal cancer, 397

Ablation
for cancer

of bile duct, 375
of liver, 362

radiofrequency, for liver 
metastases, 686

ABVD. See Adriamycin, bleomycin, 
vinblastine, dacarbazine

Accelerated partial breast 
irradiation (APBI), 
300–302

Acetaminophen, 729
Acoustic neuroma

EBRT for, 50
pearls of, 50
SRS for, 50
studies of, 51
surgery for, 50
treatment recommendations 

for, 50
Acral lentiginous, 13
Acromegaly, 53
ACTH-secreting pituitary tumors, 

54
Actinomycin, 631
Active surveillance studies, for 

prostate cancer, 439–440
Acute reactions, in adults, 

management of, 733–734
Acute total body irradiation, effect 

of, 695

Acyclovir, 717
Adenocarcinoma, 75, 221. See also 

Cystadenocarcinomas; 
Intrahepatic 
cholangiocarcinoma

with anal cancer, 395
with bladder cancer, 419
with cervical cancer, 499
with endometrial cancer, 513
endometrioid endometrial, 513
with esophageal cancer, 315, 

321
with gastric cancer, 331
with RCC, 411

Adjuvant and/or salvage RT after 
RP, for prostate cancer, 
438–439, 454–455

Adjuvant chemo
for advanced stage, of ovarian 

cancer, studies of, 531
for early stage, of ovarian 

cancer, studies of, 
530–531

Adjuvant hormonal therapy, 282
Adjuvant hysterectomy after RT, 

studies of, 507
Adjuvant radiotherapy, for 

endometrial cancer, 
studies for, 519–521

Adjuvant RT
± chemo vs. neoadjuvant 

chemo, for 
mesothelioma, 251

HT with salvage or, studies of, 
456, 459
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Adjuvant WART, for ovarian 
cancer, studies of, 531

Adnexal carcinomas, 4
Adriamycin, bleomycin, 

vinblastine, dacarbazine 
(ABVD), 565, 566

Advanced stage  
intermediate-grade 
lymphoma, studies of, 
589–590

Advanced stage low-grade 
lymphoma, studies of, 
588

AI. See Aromatase inhibitors
Airway obstruction, 687
Albuterol, 720
ALCL. See Anaplastic large-cell 

lymphoma
Alfuzosin, 724
ALND. See Axillary lymph node 

dissection
Altered fractionation studies, 

122–123, 136–137, 157
Ambien, 728
Amifostine, 719
Anal cancer

adenocarcinoma with, 395
anal margin tumors with, 395, 

398
anatomy of, 395
complications of, 405
dose limitations of, 405
follow-up for, 405
HIV associated with, 395
pearls of, 395
radiation techniques for

conventional planning, 401
general points of, 400–401
RTOG IMRT planning, 

402–405
simulation and planning of, 

401
UCSF IMRT planning, 402

SCC with, 395
staging for, 396–397

treatment recommendations 
for

APR with colostomy, 397
concurrent chemo-RT with 

5-FU/mitomycin C, 397
local excision, 397, 398
radiotherapy, 397

trials for
brachytherapy, 400
chemo-RT vs. RT, 398
cisplatin, role of, 398–399
HIV, 399
IMRT, 400
infusional 5-FU vs. 

capecitabine, 399
neoadjuvant chemo, 399
posttreatment biopsy, 400
salvage APR, 400

workup for, 396
Anal margin tumors, 395, 398
Anaplastic large-cell lymphoma 

(ALCL), 596
Anaplastic thyroid carcinoma, 178, 

185
trials for, 187

Anastrozole, 721
Anatomic site, orthovoltage, for 

skin cancer by, 9–10
Anatomy

of anal cancer, 395
of breast cancer, 264–265
of central nervous system, 

29–30
of salivary gland tumors, 

165–166
of vulvar cancer, 545

Androgen deprivation therapy 
alone or with RT, for 
prostate cancer, studies 
of, 440–441

Annual occupational dose limits, 
of radiobiology,  
697–698

Anthracycline, for breast cancer, 
279



index 747

Antiandrogens, gynecomastia due 
to, 468–470

Antiangiogenic agents, for breast 
cancer, 282

Anusol HC, 723
APBI. See Accelerated partial 

breast irradiation
APR. See Abdominoperineal 

resection, with colostony, 
for anal cancer

Aquaphor, 716
Aquaphor/xylocaine 5% ointment, 

716
Aromatase inhibitors (AI), 282
Arteriovenous malformation

pearls of, 66–67
SRS for, 66, 67
treatment for, 67

Artificial saliva, 719
ASCUS. See Atypical squamous 

cells of uncertain 
significance

Aspirin, 729
Astrocytomas, 65
Atom, 701
Atomic structure, nuclear decay 

and, 701–702
atoms, 701
electrons, 701
elements, 701
gamma rays, 701
isotopes, 701
nuclei, 701
proton mass, 701

Atropine/diphenoxylate, 723
Atypical squamous cells of 

uncertain significance 
(ASCUS), 499

Auralgan, 718
Axillary lymph node dissection 

(ALND), 277–278, 297

B
Bacitracin, 716
Baking soda mouthwash, 719

Barrett’s esophagus, 315
Basal cell carcinoma (BCC), 3, 4, 

7–9
with ear cancer, 95

BCC. See Basal cell carcinoma
BCS. See Breast conservation 

surgery
BCT. See Breast conserving 

therapy
BEACOPP. See Bleomycin, 

etoposide, Adriamycin, 
cyclophosphamide, 
Oncovin, prednisone, 
procarbazine

Beclomethasone, 720
BED. See Biological equivalent 

dose
Benign conditions.  

See Palliation
Benzonatate, 720
Bevacizumab, for RCC, 415
Bicalutamide, 725
Bilateral diagnostic 

mammography, 266
Bile duct, cancer of

complications of, 377
dose prescriptions and 

limitations for, 377
EHCC, 370
follow-up for, 377
IHCC, 370
pearls of, 370
radiation techniques for,  

377
staging of, 371–374
studies for, 376
surgery for

ablation, 375
resection, 375
transplant, 375

treatment recommendations 
for

5-FU or gemcitabine based 
chemo alone, 375

palliative options, 375
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RT with concurrent 5-FU 
based chemo, 375

SBRT, 375
workup for, 370

Biliary compression, for 
gallbladder cancer, 368

Biological equivalent dose (BED), 
693

Biopsy
posttreatment, for anal cancer, 

trials of, 400
SLNbx, 278, 296
for soft-tissue sarcoma, 620

BI-RADS. See Breast Imaging 
Reporting and Data 
System

Bisacodyl, 723
Bismuth subsalicylate, 723
Bisphosphonates, 282, 602
Bladder cancer

adenocarcinoma relating to, 
419

complications of, 428
dose prescriptions and 

limitations for, 427–428
follow-up for, 428
pearls of, 419
radiation techniques for, 427
SCC relating to, 419
staging for, 421–422
studies for, 425–427
TCC relating to, 419
treatment recommendations 

for
bladder preservation, 

424–425
local recurrence, 424
muscle invasive, 423
nonmuscle invasive, 423
radical cystectomy, 424
TURBT, 423–424

workup for, 419–420
Bladder preservation, treatment 

for, 424–425
Bleeding, gynecologic, 687–688

Bleomycin, etoposide, Adriamycin, 
cyclophosphamide, 
Oncovin, prednisone, 
procarbazine 
(BEACOPP), 565, 566

Bone marrow, for multiple 
myeloma and 
plasmacytoma, 599

Bone metastases
palliation and benign 

conditions relating to, 
680–683

pearls of, 680
studies of

EBRT dose, 682
radionuclide therapy, 

682–683
treatment recommendations 

for
EBRT, 681
pharmacologic therapies 

and supportive care,  
681

radiopharmaceutical 
therapy, 681

surgery, 680–681
workup for, 680

Bone tumors
complications of, 613
dose limitations for, 613
5 year OS by histology, 611
follow-up for, 613
histologic grade of, 611
pearls of, 607–608
radiation techniques for,  

613
staging for, 609–610
studies of

chordoma, 613
osteosarcoma, 612

treatment recommendations 
for

EBRT, 611
limb sparing relating to,  

611
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pre-op chemo, 611
RT, 611, 612
surgery, 611, 612

workup for, 608
Bowen’s disease, 4
Brachytherapy

for cancer
anal, trials of, 400
cervical, 505, 508–510
endometrial, 524
of penis, 482, 483
vaginal, 524, 536, 541

episcleral plaque, 667, 668
for gynecologic bleeding, 688
HDR, 452–453, 468, 704
implants for, 668, 704
intraluminal, for airway 

obstruction, 687
LDR, 452, 466–467, 704
physics relating to, 704–706
soft tissue sarcoma, 623
studies of

esophageal, 327
of lip and oral cavity, 138

Brain metastases
palliation and benign 

conditions relating to, 
675–680

pearls of, 675
prognostic factors of, 675–676
studies of

dose and fractionation 
considerations, 678–679

post-op WBRT, 677
SRS alone or with WBRT, 

678
SRS boost after WBRT, 678
surgery, 677
WBRT alone or with 

radiosensitizers,  
677–678

treatment recommendations 
for

SBRT, 679–680
steroids, 676

surgery, 676–677
WBRT, 676–677, 679

workup for, 675
Brainstem gliomas

pearls of, 40–41
RT for, 41
shunts for, 41
surgery for, 41
treatment recommendations 

for, 41
BRCA1

breast cancer relating to, 263, 
267, 268

ovarian cancer relating to, 527
BRCA2

breast cancer relating to, 263, 
267, 268

ovarian cancer relating to,  
527

Breast cancer
advanced invasive disease not 

eligible for upfront BCT
dose prescriptions for, 

299–302
isolated axillary disease, 

with occult breast 
primary, 296

locoregional recurrence and 
isolated axillary disease, 
297

meta-analysis and select 
nonrandomized studies 
PMRT, 295

PMRT, 293
radiation techniques for, 297
recommended treatment for, 

292–293
trials relating to, 294

anatomy of, 264–265
BRCA1 relating to, 263, 267, 

268
BRCA2 relating to, 263, 267, 

268
carcinomas associated with, 

267–268
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chemoprevention of, 264
complications of, 304–305
dose prescriptions for, 303

APBI, 300–302
conventional whole-breast 

tangents ± SCV, 299
hypofractionation, 300
limitations of, 304
trials for, 299–300

drugs for, 721
epidemiology of, 263
follow-up for, 305
gene expression profiling and 

molecular subtypes of, 
268–269

genetics of, 263–264
imaging of

diagnostic studies,  
266–267

screening, 265–266
in-situ disease

DCIS, 283
LCIS, 283
meta-analysis of, 286

invasive disease eligible for 
upfront BCT

recommended treatment for, 
286–287

trials for, 288–291
pathology of, 267–268
postmastectomy, 302–303
staging for, 270–276
treatment recommendations 

for
surgery, 277–278
systemic therapy, 278–282

workup for, 269
Breast conservation surgery 

(BCS), 277, 284–285,  
286

Breast conserving therapy (BCT), 
268

advanced invasive disease 
not eligible for upfront, 
292–302

invasive disease eligible for 
upfront, 286–291

with lumpectomy, 283,  
286–287

Breast Imaging Reporting and 
Data System (BI-RADS), 
265–266

Bromocriptine, for pituitary 
tumors, 53

Bronchioalveolar carcinoma,  
221

Bronchoscopy, with stent 
placement, for airway 
obstruction, 687

Buccal mucosa, radiation 
techniques for, 142

C
Cancer

anal, 395–405
of bile duct, 370–377
of bladder, 419–428
of breast, 263–305
cervical, 499–511
colorectal, 381–393
of ear, 95–97
endometrial, 513–525
esophageal, 315–329
of gallbladder, 365–370
gastric, 331–345
hepatobiliary, 359–377
larynx and hypopharynx, 

145–162
of lip and oral cavity, 131–143
of liver, 359–365
nasal cavity and paranasal 

sinus, 109–115
nasopharyngeal, 99–107
non-small cell lung, 221–243
oropharyngeal, 117–128
ovarian, 527–532
pancreatic, 347–356
of penis, 479–485
of skin, 3–24
small cell lung, 215–218
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testicular, 487–494
of thyroid, 177–190
vaginal, 535–542
vulvar, 545–553

CAPP. See Cyclophosphamide  
± prednisone

Carbamazepine, 727
Carboplatin, 229, 639
Carcinomas. See also 

Adenocarcinoma; 
Ductal carcinoma 
in situ; Extrahepatic 
cholangiocarcinoma; 
Invasive ductal 
carcinoma; Invasive 
lobular carcinoma; 
Lobular carcinoma in 
situ; Squamous cell 
carcinoma

adnexal, 4
basal cell, 3–4, 7, 8, 9
breast cancer associated with, 

267–268
bronchioalveolar, 221
choroid plexus, 46–47
eccrine, 4
inflammatory, 292
large cell, 221
Merkel cell, 4, 11–13
papillary serous and clear cell, 

513
renal cell, 411–417
skin, nonmelanoma, 5–6
TCC, 419
thymic, 254–258
thyroid

anaplastic, 178, 185, 187
follicular, 177, 184
papillary, 177, 184

undifferentiated, 100
uterine, endometrial cancer 

relating to, 515–516
verrucous, 4

CBCL. See Cutaneous B-cell 
lymphomas

Celecoxib, 729
Cell survival curves, radiobiology 

relating to, 692–693
Central nervous system (CNS). 

See also Pediatric CNS 
neoplasms

anatomy of, 29–30
drugs for, 727
epidemiology of, 30–31
genetics of, 31
imaging for, 31–32
lymphoma of

pearls of, 42–43
steroids for, 43
surgery for, 43
survival rate for, 44
treatment recommendations 

for, 43
pathology of, 32–33
radiation techniques for

complications of, 34
dose tolerance guidelines 

for, 34
fractionated EBRT, 33
target volumes, guidelines 

for, 33
studies of, 36, 39, 44, 49, 51, 

59–62
Cervical cancer

adenocarcinoma with,  
499

ASCUS relating to, 499
complications of, 511
dose prescriptions and 

limitations for, 510
follow-up for, 511
HGSIL relating to, 499, 500
HPV associated with, 499
LGSIL relating to, 499, 500
pap smear relating to, 499
pearls of, 499–500
radiation techniques for

brachytherapy, 508–510
EBRT simulation and field 

design, 507–508
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SCC with, 499
staging for, 501–503
studies for

adjuvant hysterectomy after 
RT, 507

chemo-RT, 506–507
EFRT, 506
post-op chemo-RT, 507
post-op RT, 507
surgery vs. radiation, 506

survival rate for, 504
treatment recommendations for

brachytherapy, 505
combination chemotherapy, 

505
concurrent chemo-RT with 

cisplatin, 505
definitive RT, 505
extended radical 

hysterectomy, 504
LEEP, 505
modified radical 

hysterectomy, 504
post-op RT/chemo-RT, 505
radical abdominal 

hysterectomy, 504, 505
total abdominal 

hysterectomy, 504, 505
workup for, 500

Cervical lymphadenopathy, 656
Cevimeline, 719
Chemoprevention, of breast 

cancer, 264
Chemoradiation studies, 137
Chemo-radiotherapy (chemo-RT). 

See also Concurrent 
chemo-RT; Definitive 
chemo-RT

for cancer
anal vs. RT, trials of, 398
cervical, 505, 506–507
colorectal, 387–389
esophageal, in high-risk 

patients, 322–327
of gallbladder, 368

gastric, studies of, 337
larynx and hypopharynx, 

152–157
of lip and oral cavity, 135, 

136
nasopharyngeal, 103
non-small cell lung, 228, 

234–235, 237, 238–239
oropharyngeal, 121–125
pancreatic, studies of, 

350–351
paranasal sinus, 113
of penis, 482
of prostate, 452
vulvar, studies of, 550–551

for intraocular lymphoma,  
88

for larynx preservation, studies 
of, 154–156

for malignant gliomas, 35–38
for neck, 208–209
post-op, for pancreatic cancer, 

350–351
for thymic tumors, 255–256

Chemo-RT. See Chemo-
radiotherapy

Chemotherapy. See also 
Neoadjuvant 
chemotherapy

+ bisphosphonate, for 
multiple myeloma and 
plasmacytoma, 602

for cancer
breast, 278–280
endometrial, 518, 521–522
of liver, 362
non-small cell lung, 227
pancreatic, 349
skin, 7
testicular, 490, 491
vaginal, 536

combination, for cervical 
cancer, 505

for gliomas
brainstem, 41
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low-grade, 40
optic, 42

for liver metastases, 686
for lymphomas

Hodgkin’s, 565
Hodgkin’s, pediatric, 

657–658
Hodgkin’s, reduced RT field 

size for, 567–569
Hodgkin’s, regimens and 

duration of, 570–571, 
573–574

Hodgkin’s, ± RT, 571–572
orbital, 86

for medulloblastoma, 57, 59
for RCC, 415
for retinoblastoma, 667
for SCLC, 216
for soft-tissue sarcoma, 620, 

621
studies of, 21, 103–104, 

235–236, 238
vs. WART for primary adjuvant 

therapy, for ovarian 
cancer, studies of, 531

for Wilms’ tumor, 631
Chiasmal tumors, 42
Chiasmatic/hypothalamic  

tumors, 42
Chloromas, 191, 193
Chlorpromazine, 722
Cholecystectomy

for bile duct cancer, 370
for gallbladder cancer, 368

Chondrosarcomas, 191, 193, 607
Chordomas, 191, 193, 607

studies of, 613
Choroidal metastasis, 75
Choroid plexus carcinoma, 47
Choroid plexus papilloma, 47
Choroid plexus tumors

pearls of, 46–47
survival rate for, 47
treatment recommendations 

for, 47

Chromosome aberrations, 692
Ciprofloxacin, 724
Circumcision, for penis cancer, 

482
Cisplatin

for anal cancer, trials of, 
398–399

concurrent chemo-RT and, for 
cervical cancer, 505

for medulloblastoma, 57
for non-small cell lung cancer, 

229
for SCLC, 216
for thymic tumors, 256

Clinical target volume (CTV), 708
Clonidine, 721
Clonogenic assay, 696
Clotrimazole topical 1%, 717
CNS. See Central nervous system
CO

2 laser
for vaginal cancer, 537
for vulvar cancer, 549

Codeine, 720, 729
Colace, 723
Colectomy + lymph node 

dissection (LND), 386, 
387

Collimator angle, of cranial field, 
62

Colon cancer. See Colorectal 
cancer

Colorectal cancer
colon, 387
complications of, 393
dose prescriptions and 

limitations for, 392
follow-up for, 393
pearls of, 381
radiation techniques for

for colon, 392–393
for rectal cancer, 391–392

rectal, 382
screening for, 381–382
staging of, 383–385
studies of
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for colon, 390–391
post-op chemo, RT, and/or 

chemo-RT, 387, 389
pre-op chemo-RT vs. pre-op 

RT, 387, 388–389
pre-op RT vs. surgery alone, 

387
pre-op vs. post-op  

chemo-RT, 387–388
treatment recommendations 

for
colectomy + LND, 386, 387
colostomy, 386
IORT, 386
local excision for, 390
post-op 5-FU ± leucovorin 

vs. FOLFOX, 386
pre-op 5-FU/RT, 386
stent, 386
surgery, 386

workup for, 382
Colostomy

APR with, for anal cancer,  
397

for colorectal cancer, 386
Combination chemotherapy, for 

cervical cancer, 505
Combined modality studies, for 

thymic tumors, 257
Common photon energies and 

attenuation properties, 
703

Concurrent 5-FU based chemo 
and RT

for bile duct cancer, 375
for gallbladder cancer, 368

Concurrent chemo regimens 
studies, 239

Concurrent chemo-RT
with 5-FU/mitomycin C, for 

anal cancer, 397
with cisplatin, for cervical 

cancer, 505
for esophageal cancer, 323
for gastric cancer, 336

Concurrent vs. sequential  
chemo-RT studies, 
238–239

Conformal RT, for liver cancer, 362
Consolidation therapies studies, 

239–240
Corticosteroids

for orbital pseudotumor/
lymphoid hyperplasia/
pseudolymphoma, 92

for thyroid ophthalmopathy, 90
Cortisporin ophthalmic, 718
Cortisporin otic suspension, 718
Couch angle, of spinal field, 63
Cranial field, collimator angle of, 

62
Craniopharyngioma

pearls of, 51
survival rate for, 52
treatment recommendations 

for, 51–52
Cranio-spinal irradiation, 

techniques of, 64
Craniospinal radiation formulas, 

707, 708, 709
Cryoablation

for liver cancer, 362
for liver metastases, 686

Cryotherapy, for skin cancer, 7
CTCL. See Cutaneous T-cell 

lymphomas
CTV. See Clinical target volume
Curettage/electrodesiccation, for 

skin cancer, 7
Cushing’s disease, 53
Cutaneous B-cell lymphomas 

(CBCL), 593, 594, 595
Cutaneous lymphomas

ALCL, 596
CBCL, 593, 594, 595
complications of, 598
CTCL, 593, 594, 595, 596
follow-up for, 598
MF/SS, 593, 594, 596–597
PCL, 593
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pearls of, 593
primary cutaneous diffuse large 

B-cell, 595
primary cutaneous follicular 

center lymphoma: B-cell, 
595

primary cutaneous marginal 
zone lymphoma: B-cell, 
595

radiation techniques for
treatment and dose, 597
TSEB, 597

Sézary cells relating to, 593
staging of, 594
studies of, 595–596
treatment recommendations 

for, 595–597
WHO-EORTC classification of, 

593, 594
workup for, 593–594

Cutaneous T-cell lymphomas 
(CTCL), 593, 594, 595, 
596

Cyclobenzaprine, 730
Cyclophosphamide, 565, 566, 631
Cyclophosphamide ± prednisone 

(CAPP), 256
Cyclosporine, for thyroid 

ophthalmopathy, 90
Cystadenocarcinomas, 347
Cytogenetics, 700

D
Dacarbazine, 565, 566
DCIS. See Ductal carcinoma  

in situ
Definitive chemo and RT studies, 

sequencing and timing 
of, 238

Definitive chemo-RT, for 
esophageal cancer, 322, 
325–326

Definitive RT
for cervical cancer, 505
for Ewing’s sarcoma, 653

for larynx and hypopharynx 
cancer, 152–153

for meningioma, 48
for nasopharyngeal cancer, 103
for non-small cell lung cancer, 

227, 230, 234, 241–242
for oropharyngeal cancer, 121
for pituitary tumors, 54
for prostate cancer, 437–439
for salivary gland tumors, 171
vs. surgery, induction chemo 

followed by, studies of, 
234

for thymic tumors, 255
for unusual neoplasms, of head 

and neck, 193–194
Dermoplast topical anesthetic,  

716
Desonide, 716
Dexamethasone, 35, 727
Dextromethorphan/guaifenesin, 

718, 720
Differentiated thyroid cancer 

trials, 185–186
Diphenhydramine, 717, 718, 731
Dissection. See Axillary lymph 

node dissection; Elective 
lymph node dissection; 
Lymph node dissection; 
Neck

DNA
damage to

hereditary syndromes 
influencing, 694

ionizing radiation and, 
691–692

X-rays as cause of, 694
repair of

radiation and cell cycle and, 
693–694

radiobiology relating to, 691
Docetaxel, for non-small cell lung 

cancer, 229
Dolasetron, 723
Domeboro soaks, 716
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Dose
and fractionation

for brain metastases, studies 
of, 678–679

for malignant gliomas, 
36–37, 38

limitations of
for anal cancer, 405
for bone tumors, 613
for cancer, of lip and oral 

cavity, 143
for Ewing’s sarcoma, 655
for penis cancer, 484
for soft-tissue sarcoma, 623
for urethral cancer, 558
for vaginal cancer, 541–542

for low-grade glioma, 39–40
meningioma relating to, 49
of orthovoltage, for skin  

cancer, 9
for pituitary tumors, 54
tolerance guidelines of, for 

CNS, 34
Dose prescriptions and limitations

for cancer
bile duct, 377
of bladder, 427–428
of breast, 299–301, 304
cervical, 510
colorectal, 392
endometrial, 524
esophageal, 328
of gallbladder, 369
gastric, 344
of larynx and hypopharynx, 

160–161
of liver, 364–365
nasopharyngeal, 106
ovarian, 532
pancreatic, 355–356
RCC, 417
small cell lung, 218
testicular, 492–493
of thyroid, 188
vulvar, 552

for Hodgkin’s lymphoma, 
577–578

pediatric, 659
for melanoma, 23
for mesothelioma, 253
for multiple myeloma and 

plasmacytoma, 603
for neuroblastoma, 641
for NHL, 591
for pediatric Hodgkin’s 

lymphoma, 659
for salivary gland tumors, 174
for unknown primary, of head 

and neck, 210
Double strand breaks (DSBs), 691, 

692, 693
Doxazosin, 724
Doxorubicin, 256, 631, 632
Dronabinol, 722
Drugs

for breast, 721
gastrointestinal, 722–723
genitourinary, 724–725
gynecologic, 728
for head and neck, 718–719
for lungs, 720
for nervous system, 727
for pain, 729–730
psychiatric, 728
for skin, 716–717

DSBs. See Double strand breaks
Ductal carcinoma in situ (DCIS), 

267, 268, 283
studies, of BCS ± RT, select 

nonrandomized, 286
trial, of BCS ± RT ± tamoxifen, 

284–285
Durie-Salmon myeloma staging 

system, 600–601
Dutasteride, 724

E
Ear

cancer of, 95–97
BCC with, 95



index 757

EBRT for, 95
pearls of, 95
radiation techniques for, 

96–97
RT for, 95–96
SCC with, 95
staging for, 95
studies of, 96
surgery for, 95–96
treatment recommendations 

for, 95–96
workup for, 95

and nose, skin cancer of, 10
parts of, 95

EBRT. See External beam 
radiation therapy

EBV titers studies, 104
Eccrine carcinomas, 4
ECE. See Extra-capsular extension 

(ECE), prostate cancer 
relating to

ECOG performance status, 
713–714

EFRT. See Extended-field RT
EHCC. See Extrahepatic 

cholangiocarcinoma
Elective lymph node dissection 

(ELND), 20
Electron cone, for gynecologic 

bleeding, 687–688
Electron dose distributions, 707
Electrons, 701
Elements, 701
ELND. See Elective lymph node 

dissection
Endometrial cancer

adenocarcinoma associated 
with, 517

complications of, 525
dose prescriptions and 

limitations for, 524–525
endometrioid endometrial 

adenocarcinomas 
associated with, 513

follow-up for, 525

leiomyosarcoma, endometrial 
stromal sarcoma relating 
to, 516–517

nonendometrioid endometrial 
carcinomas associated 
with, 513

papillary serous and clear cell 
carcinomas associated 
with, 513

pearls of, 513
radiation techniques for, 

522–524
brachytherapy, 518
EFRT, 522
IMRT, 519
vaginal brachytherapy, 524

risk factors for, 507
staging for, 514
studies for

adjuvant radiotherapy, 
519–521

chemotherapy, role of, 
518–519

lymphadenectomy, 519
sarcoma, 522

treatment recommendations 
for

chemotherapy, 517–518
EBRT, 518
surgery, 518, 519

uterine carcinomas relating to, 
515–516

uterine sarcoma relating to,  
518

workup for, 513–514
Endometrioid endometrial 

adenocarcinomas, 513
Enucleation

for retinoblastoma, 667
for uveal melanoma, 82

Ependymoma
follow-up for, 46
pearls of, 44–45
recurrence of, 46
resectable, 45, 46
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treatment recommendations 
for, 45–46, 66

unresectable, 46
Epidemiology

of breast cancer, 261
of central nervous system, 

30–31
of Hodgkin’s lymphoma, 563
of NHL, 583

Epinephrine, 731
Episcleral plaque, 83, 84
Episcleral plaque brachytherapy, 

for retinoblastoma, 
667, 668

EPP. See Extrapleural 
pneumonectomy

Epstein-Barr virus, Hodgkin’s 
lymphoma associated 
with, 563–565

Esophageal cancer
adenocarcinoma with, 315, 321
dose prescriptions and 

limitations for, 328
follow-up for, 329
pearls of, 315
radiation techniques for, 327
SCC with, 315, 320
staging for, 317, 321
studies of

brachytherapy, 327
chemo-RT with and without 

surgery, in high-risk 
patients, 326–327

definitive chemo-RT, 
322–323

peri-op chemo, 324
pre-op and post-op RT, 323
pre-op chemo, 323–324
pre-op chemo-RT, 324–325
RT alone, 323
RTOG trials, 327
surgery alone, 323

surgical techniques for
left thoracotomy, 322
radical resection, 318

right thoracotomy, 322
transhiatal esophagectomy, 

322
treatment recommendations 

for
concurrent chemo-RT, 323
definitive chemo-RT, 322
pre-op chemo-RT, 324

workup for, 316
Esophagectomy, 320, 321, 322
Esthesioneuroblastomas, 191, 

193, 194
Ethanol injection, for liver 

metastases, 686
Etiology

of gastric cancer, 331
of oropharyngeal cancer, 119

Etoposide, 565, 566
for non-small cell lung cancer, 

221
for SCLC, 216
for Wilms’ tumor, 625

Eucerin, 712
Ewing’s sarcoma,

complications of, 655–656
dose limitations for, 655
follow-up for, 654
osteosarcoma differentiating 

from, 608
pearls of, 651–652
radiation techniques for, 652
staging for, 650–651
treatment recommendations 

for
definitive RT, 651
induction chemo, 651
limb-salvage surgery, 650
post-op RT, 651

trials for, 652–653
workup for, 650

Excision. See Local excision; 
Surgical excision, for 
skin cancer; Wide local 
excision, for vulvar 
cancer
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Exemestane, 721
Experimental techniques, in 

radiobiology
clonogenic assay, 696
microarray analysis, 697
northern blot, 696
PCR, 697
RNA interference, 697
RT-PCR, 696
southern blot, 696
western blot, 696

Extended-field RT (EFRT), 
506, 522

Extended radical hysterectomy, for 
cervical cancer, 504

External beam radiation therapy 
(EBRT)

for acoustic neuroma, 50
for airway obstruction, 687
for bone metastases, 681, 682
for bone tumors, 605
for cancer

cervical, 507–508
of ear, 95
endometrial, 519
of gallbladder, 368
of lip and oral cavity, 138
paranasal sinus, 115
of penis, 482
of prostate, 461–466
thyroid, 179, 184, 185
urethral, 557, 558
vaginal, 538, 540–541

fractionated, for CNS, 33
for gynecologic bleeding, 687
and hypofractionation studies, 

232
for liver cancer

definitive, 362–363
palliative, 363

for liver metastases, 688
for meningioma, post-op 

studies of, 49
for orbital lymphoma, 87
for retinoblastoma, 667–668

for soft-tissue sarcoma, 
625, 626

for thyroid ophthalmopathy, 90
trials relating to, 185

Extra-capsular extension (ECE), 
prostate cancer relating 
to, 430

Extrahepatic cholangiocarcinoma 
(EHCC), 371

Extrapleural pneumonectomy 
(EPP), 251

Eye and orbit, malignant and 
benign diseases of, 75–94

Eyelid, skin cancer of, 9–10

F
Famotidine, 722
Feet and hands, skin cancer of, 9
Fentanyl oral transmucosal, 729
Fentanyl transdermal, 729
Fibrosarcoma, 607
Field size, studies of, 451–452
Finasteride, 724
5-FU, infusional, vs. capecitabine, 

for anal cancer, trials of, 
399

5-FU based chemo and RT, 
concurrent, for 
gallbladder cancer, 369

5-FU chemo-RT, for pancreatic 
cancer, 352–353

5-FU ± leucovorin vs. FOLFOX, 
post-op, for colorectal 
cancer, 386

5-FU/mitomycin C, concurrent 
chemo-RT with, for anal 
cancer, 397

5-FU or gemcitabine based chemo 
alone, for bile duct 
cancer, 375

5-FU/RT, pre-op, for colorectal 
cancer, 386

5 year overall survival (OS) 
by histology, of bone 
tumors, 611
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Flavoxate, 724
Fleet enema, 723
Fluconazole, 717, 719, 722, 726
Fluoride carriers, 719
Fluoroscopy, for larynx and 

hypopharynx cancer,  
158

Flutamide, 725
Focal therapy, for  

retinoblastoma, 667
Follicular thyroid carcinoma,  

177, 184
Fractionated EBRT, for central 

nervous system, 33
Frey’s syndrome, 170
Fulvestrant, 721

G
Gabapentin, 727
Gallbladder, cancer of

complications of, 369
dose prescriptions and 

limitations for, 369
follow-up for, 370
pearls of, 365
radiation techniques for, 369
staging for, 366–367
studies of, 368–369
treatment recommendations 

for
additional resection with 

lymphadenectomy, 368
biliary compression, 368
chemo-RT, 368
cholecystectomy, 368
EBRT, 368
gemcitabine, 368
palliation, 368
RT and concurrent 5-FU 

based chemo, 368
surgery for, 368

workup for, 365
Gamma rays, 701
Gastrectomy, extent of, studies for, 

337

Gastric cancer
adenocarcinoma with, 331
complications of, 344
etiology of, 331
follow-up for, 345
pearls of, 331–332
radiation techniques for, 339

antrum/pylorus/distal 1/3, of 
stomach tumors,  
343–344

body/middle 1/3, of stomach 
tumors, 342–343

cardia/proximal 1/3 of 
stomach tumors,  
341–342

dose prescriptions and 
limitations, 344

GE junction tumors, 340
staging for, 333–335
studies for

gastrectomy, extent of, 337
lymphadenectomy, extent 

of, 337
peri-op chemo, 338
post-op chemo-RT, 338–339
pre-op chemo-RT, 338

treatment recommendations 
for

concurrent chemo-RT, 336
palliative chemo ± RT, 337
surgery, 336

workup for, 332
Gastric malt, studies of, 590
Gastrointestinal drugs, 722–723
GE junction tumors, 340
Gemcitabine, for cancer

of bile duct, 375
of gallbladder, 368
of non-small cell lung, 231
of pancreas, 349

Gene expression profiling and 
molecular subtypes of, 
breast cancer, 268–269

Genetic counseling, for 
retinoblastoma, 662
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Genetics
of breast cancer, 263–264
of central nervous system, 31
of Wilms’ tumor, 630

Genitourinary drugs, 724–725
Germinomas, 56, 57
GH-secreting pituitary tumors, 54
Giant cell tumors, 608
Gingiva and hard palate, radiation 

techniques for, 142–143
Glands. See also Salivary gland 

tumors
parotid, 165
periurethral Skene’s, 555
sublingual, 165
submandibular, 165

Glioblastoma, 35
Gliomas

brainstem, 40–41
high-grade, 66
low-grade, 38–40, 66
malignant, 35–38
optic, 41–42
pediatric, 629

Glomus tumors, 191–192,  
193, 194

Glottic larynx, 158
Goserelin, 725
Granisetron, 723
Graves’ disease, 89
Gynecologic bleeding, 687–688
Gynecologic drugs, 726
Gynecomastia, antiandrogens as 

cause of, 468–470

H
Haagensen’s Grave signs, 292
Haldol, 728
Hands and feet, skin cancer of, 9
Hashimoto’s thyroiditis, 89
HDR brachytherapy. See  

High-dose-rate (HDR) 
brachytherapy

Head and neck. See also Neck
drugs for, 718–719

mucosal melanoma of, 19
unknown primary of

complications of, 210–211
dose prescriptions and 

limitations for, 210
follow-up for, 211
irradiation for, 208
pearls of, 207
radiation techniques for, 

209–210
treatment recommendations 

for, 208–209
workup for, 207–208

unusual neoplasms of
complications of, 195
definitive RT for, 193–194
follow-up for, 195
pearls of, 191–192
radiation techniques for,  

194
staging for, 193
treatment recommendations 

for, 193–194
workup for, 192–193

Hemangioblastomas, 192, 194
Hemangiopericytomas, 192, 

193, 194
Hemorrhagic metastases, 675
Hepatectomy, 375
Hepatobiliary cancer

bile duct, 370–377
gallbladder, 365–370
general pearls of, 359
liver, 359–365

Herceptin. See Trastuzumab
HGSIL. See High-grade  

squamous intraepithelial 
lesion

High-dose chemo
for neuroblastoma, 639
for NHL, 586

High-dose-rate (HDR) 
brachytherapy, 452–453, 
468, 704

High-grade glioma, 66
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High-grade non-Hodgkin’s 
lymphoma, treatment 
for, 587

High-grade squamous 
intraepithelial lesion 
(LGSIL), 499, 500

Histiocytosis X, 54
Histologic grade

of bone tumors, 611
of soft-tissue sarcoma, 617

Histology
5 year overall survival (OS) by, 

of bone tumors, 611
of Hodgkin’s lymphoma, 

563–564
of NHL, 583–584
nodular sclerosing, 656
of salivary gland tumors, 166
of Wilms’ tumor, 630

HIV. See Human 
immunodeficiency virus

Hodgkin’s lymphoma
complications of, 578
dose prescriptions and 

limitations for, 577–578
epidemiology of, 563
Epstein-Barr virus associated 

with, 563
follow-up for, 579
histology of, 563–564
HIV associated with, 563
NLPHL, 563
prognosis for, 565
radiation techniques for, 

575–579
Reed-Sternberg cells relating 

to, 563
staging for, 564–565
studies for, 567–575
treatment recommendations 

for
ABVD, 565, 566
BEACOPP, 565, 566
chemotherapy, 565, 566
IFRT, 579, 585, 587

MOPP, 565
Stanford V, 565, 566

WHO classification of, 563
workup for, 564

Homer-Wright pseudorosettes,  
635

HPV. See Human papilloma  
virus

HT, for prostate cancer, studies of, 
444–450, 456–459

Human immunodeficiency virus 
(HIV)

anal cancer associated with, 
395

Hodgkin’s lymphoma 
associated with, 563

trials of, 399
Human papilloma virus (HPV)

cervical cancer associated with, 
499

vaginal cancer associated with, 
535

Hürthle Cell, 178, 184
Hydrocodone/acetaminophen,  

729
Hydrocortisone, 716
Hydrocortisone enema, 723
Hydrogel wound dressings, 716
Hydroxyzine, 717
Hyperthermia, 22
Hypofractionation, 232, 300, 444
Hypopharynx cancer. See Larynx 

and hypopharynx cancer
Hysterectomy, for cervical cancer, 

504–505, 507

I
Ibuprofen, 714, 716, 725
ICRU definitions, 707–709
IDCA. See Invasive ductal 

carcinoma
IFRT. See Involved-field radiation 

therapy
IHCC. See Intrahepatic 

cholangiocarcinoma
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ILCA. See Invasive lobular 
carcinoma

I lipiodol, for liver cancer, 363
Imaging

for breast cancer, 265–267
for central nervous system, 

31–32
IMLN. See Internal mammary 

lymph node
Immunophenotyping, 700
Immunotherapy, for RCC, 415
IMRT. See Intensity modulated 

radiation therapy
Induction chemo

for Ewing’s sarcoma, 652
followed by chemo-RT and 

surgery vs. surgery and 
post-op RT studies, 234

followed by surgery vs. 
definitive RT studies, 234

studies of, 124–125, 238
vs. surgery alone studies, 

232–234
Induction chemo-RT vs. definitive 

chemo-RT, studies of, 
234–235

Inflammatory carcinoma, 292
Infusional 5-FU vs. capecitabine, 

for anal cancer, trials of, 
399

INRG. See International 
Neuroblastoma Risk 
Group

Intensity modulated radiation 
therapy (IMRT)

for cancer
anal, 400, 402–404
endometrial, 523
of larynx and hypopharynx, 

157, 159, 160
of lip and oral cavity, 

138–139
nasopharyngeal, 100, 103, 

105, 106
oropharyngeal, 125, 126

ovarian, 532
paranasal sinus, 114
thyroid, 187

for mesothelioma, 252
for neck, 210
studies of, 100, 103, 105, 106
for tumors

salivary gland, 170, 174
thymic, 257

Interferon alpha, studies of, 21
Intermediate-grade B-cell NHL, 

587
Internal mammary lymph node 

(IMLN), 268, 292
International Classification 

system, for 
retinoblastoma, 662–663

International Neuroblastoma Risk 
Group (INRG)

classification system of, 635
image defined risk factors of, 

636
pretreatment risk groups of, 

637–638
staging system of, 635, 638

Interstitial brachytherapy, for 
penis cancer, 482, 484

Intrahepatic cholangiocarcinoma 
(IHCC), 375

Intraluminal brachytherapy, for 
airway obstruction, 687

Intraocular lymphoma
pearls of, 87–88
studies of, 89
treatment recommendations 

for, 88
workup for, 88

Intraoperative radiation therapy 
(IORT)

for colorectal cancer, 386
for soft-tissue sarcoma, 619, 

621, 622
Intravascular contrast safety

acute reactions, in adults, 
management of, 733–734
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low-osmolality contrast media, 
patients at increased risk 
for, 733

premedication regimen, for  
at-risk patients, 
requiring IV contrast 
administration, 733

Invasive ductal carcinoma (IDCA), 
267

Invasive lobular carcinoma 
(ILCA), 267

Involved-field radiation therapy 
(IFRT), 566

for multiple myeloma and 
plasmacytoma, 601

for NHL, 585, 587, 590
for pediatric Hodgkin’s 

lymphoma, 657
studies of, 572–573

Ionizing radiation, DNA damage 
and, 691–692

IORT. See Intraoperative radiation 
therapy

Irradiation. See also Accelerated 
partial breast irradiation

acute total body, effect of, 695
cranio-spinal, techniques of,  

64
for head and neck, 208
prophylactic hepatic, for 

pancreatic cancer, 350
IRS preoperative staging system, 

642
IRS surgical-pathologic grouping 

system, 642–643
IRS-VI treatment, 646–648
IRS-V treatment, 643–645
Isolated axillary disease, breast 

cancer relating to,  
296, 297

Isotopes, 701

J
Jaundice, with pancreatic cancer, 

347

K
Karnofsky performance status, 713
Klatskin tumor, 370

L
Lacrilube, 718
Laparoscopy, for pancreatic 

cancer, 348
Laparotomy, for Hodgkin’s 

lymphoma, studies of, 
567

Large cell carcinoma, 221
Laryngectomy, 152
Laryngopharyngectomy, 153
Larynx and hypopharynx cancer

complications of, 162
dose prescriptions and 

limitations for, 160–161
follow-up for, 162
meta-analysis of, 157
pearls of, 145–146
radiation techniques for, 

157–160
SCC with, 145
staging for, 146–151
studies for

chemo-RT, for larynx 
preservation, 154–156

post-op RT and post-op 
chemo-RT, 156–157

RT dose fractionation, 
153–154

treatment recommendations 
for

chemo-RT, 152–153
definitive RT, 152–153
IMRT, 157, 159, 160

workup for, 146
Laser therapy, for retinoblastoma, 

667
LCIS. See Lobular carcinoma 

in situ
LDR brachytherapy. See  

Low-dose-rate 
brachytherapy
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LEEP. See Loop electrosurgical 
excisional procedure

Left thoracotomy, 322
Leiomyosarcoma, endometrial 

stromal sarcoma, 
516–517

Lentigo maligna, 13
LET. See Linear energy transfer
Letrozole, 721
Leuprolide, 725
Levetiracetam, 727
LGSIL. See Low-grade squamous 

intraepithelial lesion
Limb-salvage surgery, for Ewing’s 

sarcoma, 653
Limb sparing, for bone tumors, 

611
Limited stage intermediate-grade 

lymphoma, studies of, 
589

Limited stage low-grade 
lymphoma, studies of, 
588

Linear energy transfer (LET),  
692

Linear-quadratic model (LQM), 
692

Lip and oral cavity, cancer of
altered fractionation studies 

for, 136–137
brachytherapy studies for, 138
chemoradiation studies for,  

137
chemo-RT for, 135
complications of, 143
dose limitations of, 143
EBRT for, 135
follow-up for, 143
IMRT for, 138–139
pearls of, 131
post-op EBRT and chemo-RT 

studies for, 136
radiation techniques for, 

138–143
retromolar trigone for, 143

SCC with, 131
staging for, 133–134
surgery for, 135
treatment recommendations 

for, 135
workup for, 132

Liposarcoma, 615
Liver, cancer of

complications of, 365
dose prescriptions and 

limitations for,  
364–365

follow-up for, 365
pearls of, 359
radiation techniques for,  

364
radiation therapy for

EBRT definitive, 362–363
EBRT palliative, 363
I lipiodol, 363
yttrium microspheres,  

363
staging of, 360–361
studies for, 363–364
treatment recommendations 

for
ablation, 362
chemo alone, 362
conformal RT, 362
partial hepatectomy/liver 

transplant, 362
RT with concurrent chemo, 

362
SBRT, 362
surgery, 362

workup for, 359
Liver metastases

follow-up for, 687
palliation and benign 

conditions relating to, 
685–687

papers on, 686
pearls of, 685
treatment recommendations 

for
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chemotherapy, 686
EBRT, 686
radiofrequency ablation, 

cryoablation, ethanol 
injection, 686

surgery, 685–686
workup for, 685

Liver transplant, 375
LND. See Lymph node dissection
Lobectomy

for bile duct cancer, 375
for non-small cell lung cancer, 

227
Lobular carcinoma in situ (LCIS), 

267, 283
Local excision

for anal cancer, 397, 398
for colorectal cancer, 390
for penis cancer, 482
for vulvar cancer, 549

Locoregional recurrence and 
isolated axillary disease, 
breast cancer relating to, 
297

Loop electrosurgical excisional 
procedure (LEEP), 505

Loperamide, 723
Loratadine, 718
Lorazepam, 726, 728
Low-dose-rate (LDR) 

brachytherapy, 452, 
466–467, 704

Low-grade B-cell NHL, treatment 
for, 585–586

Low-grade glioma
chemotherapy for, 40
dose for, 39–40
follow-up for, 40
pearls of, 38
studies of, 39
treatment recommendations 

for, 38–39, 66
Low-grade squamous 

intraepithelial lesion 
(LGSIL), 499, 500

Low-osmolality contrast media, 
patients at increased risk 
for, 733

LQM. See Linear-quadratic model
Lumpectomy, BCT with, 283
Lung. See also Non-small cell lung 

cancer; Small cell lung 
cancer

drugs for, 172
Lymphadenectomy

for endometrial cancer, studies 
of, 519

extent of, studies for, 337
for gallbladder cancer, 368
for neuroblastoma, 639

Lymphadenopathy, 207, 208
Lymph node dissection (LND), 

387, 390
Lymph node involvement, by site, 

201–203
Lymph node levels, in neck, 132
Lymphoepithelioma, 100
Lymphomas, 75

CNS, 42–44
cutaneous, 593–598
Hodgkin’s, 563–579
intraocular, 87–89
nasal NK-T cell, 192, 193, 194
NHL, 583–591
orbital, 84–87
orbital pseudotumor/

lymphoid hyperplasia/
pseudolymphoma, 92–93

PIOL, 88

M
Major photon interactions, 

summary of, 704
Malignant and benign diseases, of 

eye and orbit
intraocular lymphoma, 87–89
orbital lymphoma, 84–87
orbital pseudotumor/

lymphoid hyperplasia/
pseudolymphoma, 92–93
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pearls of, 75
thyroid ophthalmopathy, 89–92
uveal melanoma, 76–84

Malignant fibrous histiocytoma 
(MFH), 607

Malignant gliomas
chemo-RT for, 37
dose and fractionation for, 

36–37, 38
follow-up for, 38
pearls of, 35
RTOG RPA classes of, 35
studies of, 36
treatment recommendations 

for, 35–36
Mammography

bilateral diagnostic, 266
screening, 265

Mastectomy, 277–278, 287
Maxillary sinus, 113
MCC. See Merkel cell carcinoma
Mechlorethamine, Oncovin, 

procarbazine, prednisone 
(MOPP), 565

Meclizine, 727
Medullary thyroid cancer, 178, 

185, 186
Medulloblastoma

ongoing trials for, 61–62
pearls of, 57
staging of, 58
studies of, 59–62
treatment planning for

supine technique, 63–65
traditional prone technique, 

62–63
treatment recommendations 

for
chemotherapy, 58, 59
surgery, 58

workup for, 58
Megestrol, 721, 722
Melanoma, 4. See also Uveal 

melanoma
complications of, 23

dose prescriptions and 
limitations for, 23

follow-up for, 24
mucosa, of head and neck, 19
pearls of, 13–14
radiation techniques for,  

22–23
regional nodes relating to, 

20–21
staging of, 15–18
treatment recommendations 

for, 19–20
vaccines for, studies of, 21
vaginal cancer relating to, 535
workup for, 14

Meningioma
follow-up for, 50
pearls of, 47–48
studies of

post-op EBRT, 49
SRS, 49

survival rate for, 49
treatment recommendations 

for, 66
definitive RT, 48
doses relating to, 49
inoperable, 48
malignant, 48
recurrence of, 48
resectable, operable, 48
unresectable, operable, 48

workup for, 48
Merkel cell carcinoma (MCC), 4

follow-up for, 13
staging of, 11–12

Mesothelioma
complications of, 253–254
dose prescriptions and 

limitations for, 253
pearls of, 249
radiation techniques for, 253
staging for, 250–251
studies for, 251–253
treatment recommendations 

for
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adjuvant RT ± chemo vs. 
neoadjuvant chemo, 251

EPP, 251
IMRT, 253
neoadjuvant chemo, 251

workup for, 249
Meta-analysis

of breast cancer, in-situ disease, 
286, 295

of larynx and hypopharynx 
cancer, 157

Metamucil, 723
Metastases. See Bone metastases; 

Brain metastases; 
Choroidal metastasis; 
Hemorrhagic metastases; 
Liver metastases

Metastatic disease, prostate cancer 
relating to, 438, 460–461

Metastatic site, RCC relating to, 
417

Methylprednisolone, 720
Metoclopramide, 722
Metronidazole, 726
MFH. See Malignant fibrous 

histiocytoma
MF/SS. See Mycosis fungoides/

Sézary syndrome
Miconazole, 726
Microarray analysis, 697
Midline block, for vulvar cancer, 

studies of, 551
Modalities, comparison of, studies 

of, 453–454
Modified radical hysterectomy, for 

cervical cancer, 504
Mohs surgery

for penis cancer, 482
for skin cancer, 7, 8

Monoclonal antibodies, studies 
of, 21

MOPP. See Mechlorethamine, 
Oncovin, procarbazine, 
prednisone

Morphine, 729

Mouth, floor of, radiation 
techniques for, 141

MS Contin, 729
Mucosal melanoma, of head and 

neck, 19
Multifocal tumors, 42
Multiple myeloma and 

plasmacytoma
complications of, 603
dose prescriptions and 

limitations for, 603
follow-up for, 603
pearls of, 599
radiation techniques for, 

602–603
staging for, 600–601
studies for, 602
treatment recommendations 

for
bone marrow, 599
chemo + bisphosphonate, 

602
involved field RT, 601
surgery + RT, 601

workup for, 600
Mycosis fungoides/Sézary 

syndrome (MF/SS), 593, 
594, 596–597

Mylanta, 722

N
Naproxen, 729
Nasal cavity

and ethmoid sinus, 113
and paranasal sinus cancer

chemo-RT for, 113
complications of, 115
dose prescriptions and 

limitations for, 115
EBRT for, 115
follow-up for, 115
IMRT for, 114
pearls of, 109
radiation techniques for, 114
resection for, 113
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SCC with, 109
staging for, 110–112
studies for, 113–114
treatment recommendations 

for, 113
workup for, 109

Nasal NK-T cell lymphoma, 
192, 193, 194

Nasopharyngeal angiofibromas, 
juvenile, 192, 193, 194

Nasopharyngeal cancer
complications of, 106
dose prescriptions and 

limitations for, 106
follow-up for, 107
pearls of, 99–100
radiation techniques for, 

105–106
staging for, 101–102
studies of

EBV titers, 104
IMRT, 100, 103, 105, 106
neoadjuvant chemotherapy, 

104
RT ± chemotherapy,  

103–104
treatment recommendations 

for
chemo-RT, 103
definitive RT, 103
IMRT, 100, 103, 105, 106

types of, 99, 100
workup for, 100

Neck. See also Head and neck
clinically negative, 204
clinically positive, 204
dissection of, 204, 208

for cancer, of lip and oral 
cavity, 135

for larynx and hypopharynx, 
152–153

for oropharyngeal cancer, 
121, 135

postradiotherapy, studies of, 
205–206

for salivary gland tumors, 
170

for thyroid cancer, 184
levels of, 197–200
lymph node levels in, 132
staging of, 204
treatment recommendations 

for, 204–205
chemo-RT, 208–209
IMRT, 210
RT, 208–209
surgery, 204

Neck nodal clinical target volumes, 
198–199

Neoadjuvant chemotherapy
for anal cancer, trials of, 399
for breast cancer, 280, 292–293, 

296
for mesothelioma, 251
studies of, 104

Neoadjuvant treatment, for 
pancreatic cancer, studies 
of, 353

Neoplasms. See also Head and 
neck

of CNS, pediatric, 629
Neosporin, 716
Nephrectomy

for RCC, 415
for Wilms’ tumor, 631–632

Neuroblastoma
complications of, 641
dose prescriptions and 

limitations for, 641
INRG relating to, 635, 636, 

637–638
pearls of, 634–635
radiation techniques for, 640
Shimada Classifications of, 635
studies of

high risk, 640
intermediate, 640
low risk, 639–640

treatment recommendations 
for



770 index

high-dose chemo, 639
lymphadenectomy, 639
resection, 639
surgery, 639

workup for, 635
Neuroma. See Acoustic neuroma
NHL. See Non-Hodgkin’s 

lymphoma
NLPHL. See Nodular lymphocyte 

predominance
Nodal involvement and 

management, for vulvar 
cancer, studies of, 
550–551

Nodal RT, indications for,  
303–304

Node +, prostate cancer relating 
to, 438

Node + disease, studies of, 
459–460

Nodes. See Axillary lymph node 
dissection; Elective 
lymph node dissection; 
Internal mammary 
lymph node; Lymph 
node dissection; Lymph 
node involvement, by 
site; Lymph node levels, 
in neck; Regional nodes, 
melanoma relating to; 
Sentinel lymph node 
biopsy

Nodular lymphocyte 
predominance (NLPHL), 
563

Nodular sclerosing histology, 656
Nonendometrioid endometrial 

carcinomas, 513
Nonfunctioning pituitary tumors, 

54
Nongerminomatous germ-cell 

tumors (NGGCTs), 
55, 56, 57

Non-Hodgkin’s lymphoma (NHL), 
593

complications of, 591
dose prescriptions and 

limitations for, 591
epidemiology of, 583
follow-up for, 591
histology of, 583–584
pearls of, 583–584
radiation techniques for, 590
staging for, 584–585
studies of

advanced stage 
intermediate-grade 
lymphoma, 589–590

advanced stage low-grade 
lymphoma, 588

gastric malt, 590
limited stage intermediate-

grade lymphoma, 589
limited stage low-grade 

lymphoma, 588
relapsed intermediate-grade 

lymphoma, 590
treatment recommendations 

for
high-dose chemo, 586
high-grade, 587
IFRT, 585, 587, 590
intermediate-grade B-cell, 

587
low-grade B-cell, 585–586
radioimmunotherapy, 586

workup for, 584
Nonmelanoma skin carcinoma, 

5–6
Non-seminomatous germ cell 

tumor (NSGCT), 487, 490
Non-small cell lung cancer

complications of, 243
definitive RT dose prescriptions 

for, 241–242
dose limitations for, 242–243
follow-up for, 243
pearls of, 221–222
post-op RT dose prescriptions 

for, 242
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radiation techniques for, 
240–241

SCC relating to, 221
staging for, 224–226
studies for

on concurrent chemo 
regimens, 239

on consolidation therapies, 
239

on induction chemo 
followed by chemo-RT 
and surgery vs. surgery 
and post-op RT, 234

on induction chemo 
followed by surgery vs. 
definitive RT, 234

on induction chemo-RT 
vs. definitive chemo-RT, 
234–235

on induction chemo vs. 
surgery alone, 232–234

on post-op chemo, 235–236
on post-op chemo ± RT, 237
on post-op RT, 236–237
on post-op RT ± chemo, 237
on pre-op RT, 235
on prophylactic cranial RT, 

240
on RT dose escalation, 231
on RT ± induction chemo, 

238
on RT standard 

fractionation, 231
on SBRT and 

hypofractionation, 232
on screening, 230
on sequencing and timing 

of definitive chemo and 
RT, 238

on sequential vs. concurrent 
chemo-RT, 238–239

on superior sulcus, 240
on surgery, 231

survival rates for, 227
treatment recommendations for

carboplatin, 229
chemo-RT, 228
chemotherapy, 227
cisplatin, 229
definitive RT, 227, 230, 234, 

241–242
docetaxel, 229
etoposide, 229
gemcitabine, 229
lobectomy, 227
paclitaxel, 229
surgery, 230
vinblastine, 229
vinorelbine, 229

workup for, 222–223
Northern blot, 696
Nose and ear, skin cancer of,  

10
NSGCT. See Non-seminomatous 

germ cell tumor
Nuclear decay, atomic structure 

and, 701–702
Nuclear medicine, for thyroid 

cancer, 188–189
Nuclei, 701
NWTS-5 dose limitations,  

for Wilms’ tumor,  
634

Nystatin suspension, 719

O
OER. See Oxygen enhancement 

ratio
Ohngren’s line, 109
Oligodendrogliomas, 38–39
Omeprazole, 722
Oncovin, 565
Ondansetron, 722
Ophthalmopathy. See Thyroid 

ophthalmopathy
Optic glioma

pearls of, 41–42
survival rate for, 42
treatment recommendations 

for, 42
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Optic nerve tumors, 42
Oral cavity. See Lip and oral cavity, 

cancer of
Oral tongue, radiation techniques 

for, 141–142
Orbital lymphoma

chemotherapy for, 86
complications of, 87
EBRT for, 87
follow-up for, 87
pearls of, 84
radiation techniques for, 87
staging for, 85
studies of, 86
treatment recommendations 

for, 86
workup for, 84–85

Orbital pseudotumor/
lymphoid hyperplasia/
pseudolymphoma

complications of, 93
follow-up for, 93
pearls of, 92
radiation techniques for, 93
treatment recommendations 

for, 92
trials/studies for, 93
workup for, 92

Orbit and eye, malignant and 
benign diseases of, 75–94

Oropharyngeal cancer
complications of, 127–128
dose prescriptions and 

limitations for, 126–127
etiologies of, 117
follow-up for, 128
pearls of, 117
radiation techniques for, 

125–126
staging of, 119–120
studies of

altered fractionation, 122
chemo-RT ± altered 

fractionation, 122–123
induction chemo, 124–125

post-op chemo-RT, 123–124
pre-op vs. post-op RT, 122

treatment recommendations 
for

chemo-RT, 121
definitive RT, 121
IMRT, 125, 126
neck dissection, 121, 135
surgery, 121

workup for, 118
Orthovoltage, for skin cancer, 8–9

by anatomic site, 9–10
dose of, 9
limitations of, 10

OS. See 5-year overall survival by 
histology, of bone tumors

Osseous SP, 599
Osteosarcoma, 607

Ewing’s sarcoma differentiating 
from, 608

studies of, 612
Ovarian cancer

BRCA1 relating to, 527
BRCA2 relating to, 527
dose prescriptions and 

limitations for, 532
follow-up for, 532
IMRT for, 532
pathology of, 527
pearls of, 527–528
radiation techniques for, 

531–532
risk factors for, 527
staging for, 529–530
studies for

adjuvant chemo, for 
advanced stage, 531

adjuvant chemo, for early 
stage, 530–531

adjuvant WART, 531
chemo vs. WART for primary 

adjuvant therapy, 531
surgery for, 530
treatment recommendations 

for, 530
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WART complications of, 532
workup for, 528–529

Oxybutynin, 724
Oxycodone, 729
Oxycodone/acetaminophen, 729
Oxycontin, 729
Oxygen, effect of, 694–695
Oxygen enhancement ratio (OER), 

692

P
Paclitaxel, for non-small cell lung 

cancer, 229
Paget’s disease, 268
Pain, drugs for, 729–730
Palate. See Gingiva and hard 

palate, radiation 
techniques for

Palliation
benign conditions and

airway obstruction, 687
bone metastases, 680–683
brain metastases, 675–680
gynecologic bleeding, 

687–688
liver metastases, 685–687
spinal cord compression, 

679–681
superior vena cava 

syndrome, 687
for cancer

of bile duct, 375
of gallbladder, 368
of pancreas, 350
for RCC, 415

Palliative chemo ± RT
for gastric cancer, 337
for vaginal cancer, 539

Palonosetron, 723
Pamidronate, 730
Pancreatic cancer

complications of, 356
dose prescriptions and 

limitations for,  
355–356

follow-up for, 356
jaundice with, 347
pearls of, 347–348
radiation techniques for, 

354–355
staging of, 348–349
studies for

resectable adjuvant 
treatment, 350–353

unresectable, 353–354
treatment recommendations 

for
chemotherapy, 349
gemcitabine, 349
laparoscopy, 350
palliation, 350
pancreaticoduodenectomy, 

349
pre-op chemo-RT, 350
prophylactic hepatic 

irradiation, 350
RT dose-escalation, 349
surgery, 350

workup for, 348
Pancreaticoduodenectomy, 

349, 375
Papillary serous and clear cell 

carcinomas, 513
Papillary thyroid carcinoma, 

177, 184
Pap smear

for cervical cancer, 499
for vaginal cancer, 535

Paranasal sinus cancer. See Nasal 
cavity

Paraneoplastic syndromes, 223
Parotidectomy, for salivary gland 

tumors, 170, 171
Parotid glands, 165
Paroxetine, 721
Partial hepatectomy/liver 

transplant, for liver 
cancer, 362

Pathology
of breast cancer, 267–268
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of central nervous system, 
32–33

of ovarian cancer, 527
of testicular cancer, 487
of thyroid cancer, 177–178

PCL. See Primary cutaneous 
lymphomas

PCR. See Polymerase chain 
reaction

Pediatric CNS neoplasms, 629
Pediatric Hodgkin’s lymphoma

cervical lymphadenopathy 
relating to, 656

complications of, 659–660
dose prescriptions and 

limitations for, 659
nodular sclerosing histology 

relating to, 656
pearls of, 656
radiation techniques for, 659
staging for, 657
treatment recommendations 

for
chemo, 657–658
IFRT, 657

trials for, 658
workup for, 657

Pediatric tumors
Ewing’s sarcoma, 651–656
general pearls of, 629
Hodgkin’s lymphoma,  

656–660
neuroblastoma, 634–614
retinoblastoma, 660–669
rhabdomyosarcoma, 641–651
Wilms’ tumor, 629–634

Pelvic/inguinal RT, indications for, 
studies of, 550

Pelvic nodal IMRT, 523
Penectomy, for penis cancer, 482
Penis, cancer of

complications of, 485
dose limitations for, 484
follow-up for, 485
lesions relating to, 482

pathology of, 479
pearls of, 479
radiation techniques for

EBRT, 484
interstitial brachytherapy, 

484
plesiobrachytherapy/molds, 

484
staging for, 480–481
studies of, 483
treatment recommendations 

for
brachytherapy alone, 482
chemo-RT, 482
circumcision, 482
EBRT, 482
local excision, 482
Mohs surgery, 482
penectomy, 482

workup for, 479
Penis preservation, 482
Pentoxifylline, 717, 725
Performance status scales

ECOG performance status, 
713–714

Karnofsky performance status, 
713

Peri-op chemo, studies for, 338
Periosteal osteosarcomas, 607
Periurethral Skene’s glands, 555
PET. See Positron emission 

tomography
Pharmacologic therapies and 

supportive care, for bone 
metastases, 681

Phenazopyridine, 724
Phenobarbital, 727
Phenytoin, 727
Photons, 691

common energies of, 
attenuation properties 
and, 703

dose distributions and planning 
formulas for, 706–707

interactions of, 702–703
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Physics pearls
atomic structure and nuclear 

decay, 701–702
brachytherapy, 704
common photon energies and 

attenuation properties, 
703

electron dose distributions, 707
ICRU definitions, 707–709
major photon interactions, 

summary of, 704
major radionucleotides, in 

brachytherapy, 705
photon dose distributions 

and planning formulas, 
706–707

photons and their interactions, 
702–703

radioactive decay, modes of, 
702

Pilocarpine, 719
Pineal parenchymal tumor, 

of intermediate 
differentiation, 56

Pineal tumors
germinomas, 56, 57
NGGCTs, 55, 56, 57
pearls of, 55
pineal parenchymal tumor 

of intermediate 
differentiation, 56

pineoblastoma, 55, 56
pineocytoma, 56, 57
treatment recommendations 

and outcome for, 56–57
Pineoblastoma, 55, 56
Pineocytoma, 56, 57
PIOL. See Primary intraocular 

lymphoma
Pituitary tumors

bromocriptine for, 53
definitive RT for, 54
dose for, 54
follow-up for, 55
pearls of, 52

surgery for, 54
survival rate for, 54
treatment recommendations 

for, 53–54
type of, treatment and outcome 

by, 54
workup for, 53

Planning target volume (PTV), 
708–709

Plasma cell tumors, 599
Plasmacytoma. See Multiple 

myeloma and 
plasmacytoma

PLD. See Potentially lethal damage
Plesiobrachytherapy/molds, for 

penis cancer, 484
PMRT. See Postmastectomy RT
Polymerase chain reaction (PCR), 

696
Positron emission tomography 

(PET), studies of, 
574–575

Postmastectomy RT (PMRT), 
293, 302–303

Post-op 5-FU ± leucovorin vs. 
FOLFOX, for colorectal 
cancer, 386

Post-op chemo, RT, and/or  
chemo-RT, for colorectal 
cancer, 387, 389

Post-op chemo-RT
for pancreatic cancer, 350–351
studies of

for cervical cancer, 503
for gastric cancer, 338–339
for oropharyngeal cancer, 

123–124
Post-op chemo ± RT studies, 237
Post-op chemotherapy studies, 

235–236
Post-op EBRT and chemo-RT 

studies, 136
Post-op RT

and chemo-RT, for cervical 
cancer, 505
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± chemo studies, 237
dose prescriptions, for  

non-small cell lung 
cancer, 242

for Ewing’s sarcoma, 653
and post-op chemo-RT studies, 

156–157
for soft-tissue sarcoma, studies 

of, 620
studies of, 236–237

Post-op vulvar RT, indications for, 
studies of, 550

Post-op WBRT, for brain 
metastases, studies of, 
677

Postradiotherapy neck dissection, 
studies of, 205–206

Post resection, for testicular 
cancer, 489

Posttreatment biopsy, for anal 
cancer, trials of, 400

Potentially lethal damage (PLD), 
693

Prednisone, 256, 565, 720
Premarin vaginal cream, 726
Premedication regimen, for at-risk 

patients, requiring IV 
contrast administration, 
733

Pre-op
or post-op RT, for soft-tissue 

sarcoma, 621
vs. post-op chemo-RT, for 

colorectal cancer, studies 
of, 387–388

vs. post-op RT studies, 122
Pre-op 5-FU/RT, for colorectal 

cancer, 386
Pre-op chemo, for bone tumors, 

611
Pre-op chemo-RT

for esophageal cancer,  
322–323

for gastric cancer, studies for, 
338

for pancreatic cancer, 350
vs. pre-op RT, for colorectal 

cancer, studies of, 
388–389

Pre-op RT studies, 235
Primary cutaneous diffuse large 

B-cell, 595
Primary cutaneous follicular 

center lymphoma: B-cell, 
595

Primary cutaneous lymphomas 
(PCL), 593

Primary cutaneous marginal zone 
lymphoma: B-cell, 595

Primary intraocular lymphoma 
(PIOL), 88

Primary refractory or relapsed 
HD, studies of, 574

Primary spinal cord tumors
pearls of, 65
treatment recommendations 

for, 66
Procarbazine, 565
Prochlorperazine, 722
Proctofoam HC 2.5%, 723
Prognosis

for Hodgkin’s lymphoma, 565
for soft-tissue sarcoma, 616

Prognostic factors, of brain 
metastases, 675

Prolactin-secreting pituitary 
tumors, 54

Promethazine, 722
Proparacaine hydrochloride 5%, 

718
Prophylactic cranial RT studies, 

240
Prophylactic hepatic irradiation, 

for pancreatic cancer, 350
Prostate cancer

ECE relating to, 431
follow-up for, 470–471
metastatic disease relating to, 

460–461
pearls of, 431–432
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PSA relating to, 431, 432, 433
radiation techniques for

antiandrogens, 
gynecomastia due to, 
468–470

EBRT, 461–466
HDR brachytherapy, 468
LDR brachytherapy, 466–467

risk classification schemes for, 
437

staging for, 434–435
studies for

active surveillance, 439–440
adjuvant and salvage RT 

after RP, 454–455
androgen deprivation 

therapy alone or with RT, 
440–441

chemo with RT, 452
on field size, 451–452
HDR brachytherapy, 

452–453
HT with salvage or adjuvant 

RT, role of, 456–459
hypofractionation, 444
LDR brachytherapy, 452
metastatic disease, 460–461
modalities, comparison of, 

453–454
for node + disease, 459–460
radiation dose escalation, 

441–443
RP, 438–439, 441
RT + long-term HT, 448–450
RT + short-term HT, 

444–448
salvage radiotherapy, 456

treatment recommendations 
for

adjuvant or salvage RT after 
RP, 438–439

definitive RT, 437–439
at high-risk, 438
at intermediate-risk, 438
at low-risk, 437

metastatic, 438
for node +, 438
residual disease or 

recurrence after RT, 439
trials for, 432
workup for, 433

Prostate-specific antigen (PSA), 
431, 432, 433

Proton/charged particle therapy, 
82

Proton mass, 701
PSA. See Prostate-specific antigen
Pseudoephedrine, 718
Psychiatric drugs, 728
PTV. See Planning target volume

R
Radiation

cell cycle and, DNA repair and, 
693–694

cytotoxic effects of, 691
dose and chemo cycles of, for 

Hodgkin’s lymphoma, 
studies of, 568–569

dose escalation of, for prostate 
cancer, studies of, 
441–443

on embryo/fetus, effect of, 695
exposure to, effects of, 695
fractionation of, 678–679
ionizing, DNA damage and, 

691–692
safety relating to, 697
surgery vs., for cervical cancer, 

studies of, 506
Radiation techniques

for buccal mucosa, 142
for cancer

anal, 400–404
of bile duct, 377
of bladder, 427
breast, 297
cervical, 507–510
colorectal, 391–392
ear, 96–97
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endometrial, 522–524
esophageal, 327–328
of gallbladder, 369
gastric, 339–344
larynx and hypopharynx, 

157–160
of lip and oral cavity, 

138–143
of liver, 364
nasal cavity and paranasal 

sinus, 114
nasopharyngeal, 105–106
non-small cell lung,  

240–241
oropharyngeal, 125–126
ovarian, 531–532
of pancreas, 354–355
of penis, 484
of prostate, 461–470
SCLC, 217–218
skin, 8–11
testicular, 491–492
thyroid, 187–188
urethral, 558
vaginal, 540–541
vulvar, 552

for CNS, 33–34
for floor of mouth, 141
for gingiva and hard palate, 

142–143
for lymphomas

cutaneous, 597
Hodgkin’s, 575–578
Hodgkin’s, pediatric, 659
orbital, 87

for melanoma, 22–23
for mesothelioma, 253
for multiple myeloma and 

plasmacytoma,  
602–603

for neoplasms, of head and 
neck, 194

for neuroblastoma, 640
for NHL, 590
for oral tongue, 141–142

for orbital pseudotumor/
lymphoid hyperplasia/
pseudolymphoma, 93

for RCC, 416–417
for retinoblastoma, 667–668
for rhabdomyosarcoma, 

650–651
for sarcomas

Ewing’s, 653
soft-tissue, 622–623

for spinal cord compression, 
685

for thyroid ophthalmopathy, 
91–92

for tumors
bone, 613
salivary gland, 173–174
thymic, 257
Wilms’, 634

for unknown primary, of head 
and neck, 209–210

for uveal melanoma
episcleral plaque, 83, 84
proton/charged particle 

therapy, 82
SRS, 83

Radiation therapy (RT). See also 
Definitive RT; External 
beam radiation therapy; 
Intensity modulated 
radiation therapy; 
Intraoperative radiation 
therapy; Involved-field 
radiation therapy; Whole 
abdominal radiation 
therapy

for brainstem glioma, 41
for cancer

ear, 95–96
larynx and hypopharynx, 

152–153
of liver, 362–363
nasopharyngeal, 103
oropharyngeal, 121
of prostate, 437–439
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testicular, 489–490
urethral, 557

± chemotherapy studies, 
103–104

and concurrent 5-FU based 
chemo

for bile duct cancer, 375
for gallbladder cancer, 368

with concurrent chemo, for 
liver cancer, 362

± induction chemo studies, 238
+ long-term HT, for prostate 

cancer, studies of, 
448–450

for neck, 208–209
+ short-term HT, for prostate 

cancer, studies of, 
444–448

for soft-tissue sarcoma, 619
for tumors

bone, 611–612
pituitary, 54
Wilms’, 631–632

Radiation therapy (RT) dose-
escalation, for pancreatic 
cancer, 349

Radiation therapy (RT) dose 
escalation studies, 
231–232

Radiation therapy (RT) dose 
fractionation studies, 
153–154

Radiation therapy (RT) field and 
dose for stage I, testicular 
cancer, studies of, 490

Radiation therapy (RT) standard 
fractionation studies,  
231

Radical abdominal hysterectomy, 
for cervical cancer, 504, 
505

Radical cystectomy, for bladder 
cancer, 424

Radical inguinal orchiectomy, for 
testicular cancer, 489

Radical prostatectomy (RP), 441
Radical resection, for esophageal 

cancer, 322
Radioactive decay, modes of,  

702
Radioactive equilibrium, 702
Radioactive iodine (RAI), 177, 

178, 179, 180, 184, 185, 
188–190

Radiobiology pearls
acute total body irradiation, 

effect of, 695
annual occupational dose 

limits, 697–698
cell survival curves, 692–693
common experimental 

techniques, in 
radiobiology, 696–697

cytogenics, 700
DNA damage and ionizing 

radiation, 691–692
immunophenotyping, 700
oxygen, effect of, 694–695
radiation, on embryo/fetus, 

effect of, 695
radiation and cell cycle and 

DNA repair, 693–694
radiation safety, 697
reassortment relating to, 691
reoxygenation relating to, 691
repair relating to, 691
repopulation relating to, 691
tumor markers, 698–700

Radiofrequency ablation, for liver 
metastases, 686

Radioimmunotherapy, for NHL, 
586

Radionucleotides, major, in 
brachytherapy, 705–706

Radionuclide therapy, for bone 
metastases, studies of, 
682–683

Radiopharmaceutical therapy, for 
bone metastases, 682

Radioresistant cells, 691
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Radiotherapy
for anal cancer, 398
for RCC, trials for, 415–416
for thymic tumors, 256–257

studies of, 256–257
RAI. See Radioactive iodine
Raloxifene, 721
RBE. See Relative biological 

effectiveness
RCC. See Renal cell carcinoma
Reassortment, radiobiology 

relating to, 691
Reconstructive options, after 

mastectomy, 277
Rectal cancer. See Colorectal 

cancer
Reed-Sternberg cells, Hodgkin’s 

lymphoma relating to, 
563

Reese-Ellsworth system, for 
retinoblastoma, 661–662

Regional nodes, melanoma 
relating to, 20–21

Relapsed intermediate-grade 
lymphoma, studies of, 
590

Relative biological effectiveness 
(RBE), 692

Renal cell carcinoma (RCC)
adenocarcinoma with, 411
dose prescriptions and 

limitations for, 417
follow-up for, 417
pearls of, 411–412
radiation techniques for

metastatic site, 417
primary site, 416

risk factors for, 411
sarcomatoid with, 411
staging for, 413–414
treatment recommendations 

for
bevacizumab, 415
chemotherapy, 415
immunotherapy, 415

nephrectomy, 415
palliation, 415
sorafenib, 415
sunitinib, 415
temsirolimus, 415

trials for
radiotherapy, 415–416
systemic therapy, 416

workup for, 412
Reoxygenation, radiobiology 

relating to, 691
Repair, DNA, radiobiology relating 

to, 691
Replens vaginal moisturizer, 726
Repopulation, of tumor cells, 

radiobiology relating to, 
691

Resectable adjuvant treatment, 
for pancreatic cancer, 
studies of

beyond adjuvant 5-FU  
chemo-RT, 352–353

in favor of chemo, 351–352
in favor of observation, 352
in favor of post-op chemo-RT, 

350–351
neoadjuvant treatment, 353
ongoing, 353
unresectable, 353–354

Resection. See also 
Abdominoperineal 
resection, with 
colostomy, for anal 
cancer; Transurethral 
resection of bladder 
tumor, for bladder cancer

for bile duct, 376
with lymphadenectomy, for 

gallbladder, 368
for nasal cavity and paranasal 

sinus cancer, 113
for neuroblastoma, 639
for paranasal sinus cancer,  

113
post, for testicular cancer, 485
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radical, for esophageal cancer, 
322

for thymic tumors, 255
Residual disease or recurrence 

after RT, for prostate 
cancer, treatment for, 439

Residual mass, for testicular 
cancer, studies of, 491

Retinoblastoma, 75
complications of, 668
follow-up for, 669
genetic counseling for, 660
pearls of, 660–661
radiation techniques for

EBRT, 667–668
episcleral plaque 

brachytherapy, 668
spread patterns of, 660
staging for, 661–666

International Classification 
system, 662–663

Reese-Ellsworth system, 
661–662

treatment recommendations 
for

chemotherapy, 667
EBRT, 667
enucleation, 667
episcleral plaque 

brachytherapy, 667
focal therapy, 667
laser therapy, 667

workup for, 655
Retromolar trigone, for cancer of 

lip and oral cavity, 143
Retroperitoneal, studies of, 622
Reverse-transcriptase PCR 

(RT-PCR), 696
Rhabdomyosarcoma, 75

complications of, 651
follow-up for, 651
pearls of, 641–642
radiation techniques for, 

650–651
staging for, 642–648

IRS preoperative, 642
IRS surgical-pathologic 

grouping system, 
642–643

IRS-VI treatment, 646–648
IRS-V treatment, 643–645

trials for, 648–650
tumors associated with, 641
workup for, 652

Right thoracotomy, 322
Risk classification schemes, for 

prostate cancer, 437
Risk factors

for endometrial cancer, 513
for ovarian cancer, 527
for RCC, 411
for vaginal cancer, 535
for vulvar cancer, 545

RNA interference, 697
RP. See Radical prostatectomy
RT. See Radiation therapy
RTOG RPA classes, of malignant 

gliomas, 35
RTOG trials, for esophageal 

cancer, 327
RT-PCR. See Reverse-transcriptase 

PCR

S
Saline solutions, 718
Salivary gland tumors

anatomy of, 165–166
complications of, 174
dose prescriptions and 

limitations for, 174
follow-up for, 174
histology of, 166
parotidectomy, 170, 171
pearls of, 165
radiation techniques for, 

173–174
staging of, 168–169
studies of, 171–173
treatment recommendations 

for
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definitive RT, 171
dissection, of neck, 170
IMRT, 170, 174
surgery, 170

workup for, 167
Salvage APR, for anal cancer, trials 

of, 400
Salvage radiotherapy, for prostate 

cancer, studies of, 456
Sarcomas. See also Soft-tissue 

sarcoma
chondrosarcomas, 191, 193, 

607
endometrial cancer relating to, 

studies for, 519
fibrosarcoma, 607
leiomyosarcoma, endometrial 

stromal sarcoma, 
516–517

osteosarcoma, 607, 608, 612
rhabdomyosarcoma, 75
uterine, endometrial cancer 

relating to, 518
Sarcomatoid, with RCC, 411
SBRT. See Stereotactic body 

radiation therapy
SCC. See Squamous cell 

carcinoma
Schwann cells, 50
SCLC. See Small cell lung cancer
SCM. See Sternocleidomastoid 

muscle
Scopolamine patch, 727
Screening, for non-small cell lung 

cancer, studies of, 230
Screening mammography, 265
Second cancer risk, testicular 

cancer, studies of, 491
Selective estrogen receptor 

modulators (SERMS), 
264, 282

Select nonrandomized DCIS 
studies, of BCS ± RT, 286

Seminoma, testicular cancer 
relating to, 487–489

Senna, 723
Sentinel lymph node biopsy 

(SLNbx), 278, 296
Sequencing and timing of 

definitive chemo and RT 
studies, 238

Sequential vs. concurrent  
chemo-RT studies, 
238–239

SERMS. See Selective estrogen 
receptor modulators

Sézary cells, cutaneous 
lymphomas relating to, 
594

Shimada Classifications, of 
neuroblastomas, 635

Shunts, for brainstem gliomas, 41
Sildenafil, 724
Silvadene creme 1%, 716
Simethicone, 723
Single strand breaks (SSBs), 691
Skin. See also Nonmelanoma 

skin carcinoma; 
Total skin electron  
beam

drugs for, 716–717
Skin cancer

complications of, 10
of eyelid, 9–10
follow-up for, 11
hands and feet, dorsum of, 9
of lip, 10
MCC, 11–13
melanoma, 4, 13–24
of nose and ear, 10
pearls of, 3–4
radiation techniques for,  

8–11
orthovoltage, 8, 9–10
simulation and field design, 

8–9
treatment recommendations 

for
chemotherapy, 7
cryotherapy, 7
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curettage/electrodesiccation, 
7

Mohs micrographic surgery, 
7, 8

RT, 7–9
surgical excision, 7

workup for, 4
Skin gap formula, 707
SLD. See Sublethal damage
SLNbx. See Sentinel lymph node 

biopsy
Small cell lung cancer (SCLC)

complications for, 218
dose prescriptions and 

limitations for, 218
follow-up for, 218
pearls of, 215
radiation techniques for, 

217–218
staging for, 216
studies for

extensive stage, 217
limited stage, 216–217

treatment recommendations 
for

chemotherapy, 216
cisplatin, 216
etoposide, 216

workup for, 215
Soft-tissue sarcoma

complications of, 623–624
dose limitations for, 623
follow-up for, 624
histologic grade of, 619
liposarcoma, 615
pearls of, 615
presentation for, 615–616
prognosis for, 616
radiation techniques for

EBRT alone, 623
IORT, 623
post-op brachytherapy,  

623
post-op EBRT, 622
pre-op EBRT, 622

staging for, 617–618
studies of

chemo, 620
IORT, 621
post-op RT, 620
pre-op or post-op RT, 621
retroperitoneal, 622

synovial sarcoma, 615
treatment recommendations 

for
biopsy, 620
chemo, 619
IORT, 619
RT, 619
surgery, 619–620

workup for, 616
Solitary plasmacytoma (SP), 599
Sorafenib, for RCC, 416
Southern blot, 696
SP. See Solitary plasmacytoma
Spermatogenesis, testicular cancer 

relating to, 487
Spinal cord compression

pearls of, 683
radiation techniques for, 685
SBRT trials for, 684–685
treatment recommendations 

for
SBRT, 683–684
steroids, 683
surgery and RT, 683

trials for, 684
workup for, 683

Spinal field, couch angle of, 63
Spread patterns, of 

retinoblastoma, 660
Squamous cell carcinoma (SCC), 

with cancer, 3–4, 7, 8, 9
anal, 395
of bladder, 396
cervical, 499
of ear, 95
esophageal, 323, 327
of larynx and hypopharynx, 145
of lip and oral cavity, 131
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non-small cell lung cancer 
relating to, 221

paranasal sinus, 109
SRS. See Stereotactic radiosurgery
SSBs. See Single strand breaks
Staging

for cancer
anal, 396–397
of bile duct, 370–374
of bladder, 421–422
breast, 270–276
cervical, 501–503
colorectal, 383–385
of ear, 95
endometrial, 514–518
esophageal, 317–319
of gallbladder, 366–367
gastric, 333–335
larynx and hypopharynx, 

147–151
of lip and oral cavity, 

133–134
nasopharyngeal, 101–102
non-small cell lung, 224–226
oropharyngeal, 119–120
ovarian, 529–530
of pancreas, 348–349
paranasal sinus, nasal cavity 

and, 110–112
of penis, 480–481
of prostate, 434–436
SCLC, 216
testicular, 488–489
thyroid, 181–183
urethral, 556–557
vaginal, 536–537
vulvar, 547–548

for carcinoma
Merkel cell, 11–12
nonmelanoma skin, 5–6

for lymphomas
cutaneous, 593
Hodgkin’s, 564–565
Hodgkin’s, pediatric, 656
orbital, 85

for medulloblastoma, 58
for melanoma, 15–18

mucosal, of head and neck, 
19

uveal, 77–80
for multiple myeloma and 

plasmacytoma,  
600–601

of neck, 204
for neoplasms, of head 

and neck, 193
for NHL, 584–585
for RCC, 413–414
for retinoblastoma, 664–666
for rhabdomyosarcoma, 

641–648
for sarcomas

Ewing’s, 652–653
soft-tissue, 617–618

for tumors
bone, 609–610
salivary gland, 168–169
Wilms’, 630–631

Staging laparotomy, for Hodgkin’s 
lymphoma, studies of, 
567

Stanford V, as chemo agent, 
565, 566

Stent, for colorectal cancer, 386
Stereotactic body radiation 

therapy (SBRT)
for brain metastases, 679–680
for cancer

of bile duct, 375
of liver, 362

for spinal cord compression, 
683–684

trials for, 684–685
Stereotactic radiosurgery (SRS)

for acoustic neuroma, 50
alone or with WBRT, for brain 

metastases, studies of, 
676

for arteriovenous 
malformation, 66
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boost after WBRT, for brain 
metastases, studies of, 
676

for craniopharyngioma, 51
for meningioma, 49
for trigeminal neuralgia, 67
for uveal melanoma, 83

Sternocleidomastoid muscle 
(SCM), 197–200

Steroids
for brain metastases, 676
for CNS lymphoma, 43
for ependymoma, 45
for gliomas

brainstem, 41
malignant, 36

for spinal cord compression, 
681

for thyroid ophthalmopathy,  
90

Stewart-Treves syndrome, 615
Stomach tumors

antrum/pylorus/distal 1/3 of, 
343–344

body/middle 1/3 of, 342–343
cardia/proximal 1/3 of, 341–342

Studies. See also Non-small cell 
lung cancer

altered fractionation, 122–123, 
136–137, 157

of bone tumors, 612
brachytherapy, 138
of cancer

of bile duct, 376
of bladder, 425–427
of breast, 295
cervical, 506–507
endometrial, 519–521
esophageal, 323–327
of gallbladder, 368–369
of liver, 363–364
ovarian, 530–531
pancreatic, 350–353
of penis, 483
of prostate, 439–440

of skin, 21
testicular, 490–491
urethral, 558
vaginal, 540

of central nervous system, 36, 
39, 44, 49, 51, 59–62

of chemoradiation, 137
consolidation therapies, 

239–240
EBV titers, 104
of head and neck

cancer of ear, 96
cancer of lip and oral cavity, 

136–138
intraocular lymphoma, 89
larynx and hypopharynx 

cancer, 153–157
nasal cavity and paranasal 

sinus cancer, 113–114
nasopharyngeal cancer, 

103–106
orbital lymphoma, 86
orbital pseudotumor/

lymphoid hyperplasia/
pseudolymphoma, 93

oropharyngeal cancer, 
122–125

salivary gland tumors, 
171–173

uveal melanoma, 81–82
IMRT, 100, 103, 105, 106
of induction chemo, 124–125, 

232–235, 238
of lymphomas

cutaneous, 595–596
Hodgkin’s, 567–575

of mesothelioma, 251–253
of metastases
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brain, 677–678

of multiple myeloma and 
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of neck dissection, 205–206
of neuroblastoma, 639–640
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of thorax, 216–217, 230–240
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combined modality, 257
radiotherapy, 256–257

Sublethal damage (SLD), 693
Sublingual gland, 165
Submandibular gland, 165
Sucralfate, 719, 722
Sunitinib, for RCC, 415
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Superior vena cava syndrome,  

687
Supine technique, for 

medulloblastoma, 63–65
Supraglottic larynx, 159
Surgery. See also Stereotactic 

radiosurgery (SRS)
for acoustic neuroma, 50
for brainstem glioma, 41
for cancer

of bile duct, 375
of breast, 277–278, 292–293
colorectal, 386
of ear, 95–96
endometrial, 518–519
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non-small cell lung, 230, 231
oropharyngeal, 121
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urethral, 557
vaginal, 538–539
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for medulloblastoma, 58
for metastases
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for neuroblastoma, 639
radiation vs., for cervical 

cancer, studies of, 506
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and RT, for spinal cord 
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for soft-tissue sarcoma, 

619–620
for tumors
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pituitary, 54
Wilms’, 631
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7
Surgical resection, for thymic 
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studies of, 490
Survival rates. See also Cell 

survival curves, 
radiobiology relating to; 
5-year overall survival by 
histology, of bone  
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for cervical cancer, 504
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for craniopharyngioma, 52
for meningioma, 49
for non-small cell lung cancer, 

227
for optic glioma, 42
for pituitary tumors, 54
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Symptomatic hydrocephalus, 
45–46

Synovial sarcoma, 615
Systemic therapy

for breast cancer, 278–282
for RCC, trials of, 416
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T
Tadalafil, 725
Tamoxifen, 264, 283, 284–285,  

721
Tamsulosin, 724
Target volumes guidelines,  

for central nervous 
system, 33

TCC. See Transitional cell 
carcinoma

Telfa, 716
Temazepam, 728
Temozolomide, for malignant 

gliomas, 35–36
Temsirolimus, for RCC, 415
Terazosin, 724
Testicular cancer

complications for, 494
dose prescriptions and 

limitations for, 492–493
follow-up for, 494
pathology of, 487
pearls of, 487
radiation techniques for, 

491–492
seminoma relating to, 

487, 489–490
spermatogenesis relating to, 

487
staging for, 488–489
studies for

chemo for stage I, 491
residual mass, 491
RT field and dose for stage I, 

490
second cancer risk, 491
surveillance, 490

treatment recommendations for
chemo, 490
NSGCT, 487, 490
post resection, 489
radical inguinal 

orchiectomy, 489
RT, 489

workup for, 488

Thoracotomy
left, 322
right, 322

Thymic carcinoid, 254
Thymic carcinoma, 254
Thymic tumors
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dose prescriptions and 

limitations for,  
257–258

follow-up for, 258
IMRT for, 257
pearls of, 254
radiation techniques for, 257
staging for, 255
studies for

combined modality, 257
radiotherapy, 256–257

treatment recommendations 
for, 255–256

chemo RT, 255
definitive RT, 255
radiotherapy, 255
surgical resection, 255

workup for, 254–255
Thymoma, 254
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dose prescriptions and 

limitations for, 188
follow-up for, 189–190
nuclear medicine for, 188–189
pathology of, 177–178
pearls of, 177–179
radiation techniques for, 

187–188
staging for, 181–183
treatment recommendations 

for
EBRT, 179, 184, 185
IMRT, 187
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RAI, 177, 178, 179, 180, 184, 

185, 188–190
thyroidectomy, 184, 185
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radiation techniques for, 91–92
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treatment recommendations 

for
corticosteroids, 90
cyclosporine, 90
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steroids, 90
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Tolterodine, 724
Tomotherapy, 65
Tongue, oral, radiation techniques 

for, 141–142
Topical 5-FU, for vaginal cancer, 537
Total abdominal hysterectomy,  

for cervical cancer, 504, 
505

Total skin electron beam (TSEB), 
596
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medulloblastoma, 62–63

Transhiatal esophagectomy, 322
Transitional cell carcinoma (TCC), 

419
Transplant, for hepatobiliary 

cancer, 362, 375
Transurethral resection of bladder 

tumor (TURBT), for 
bladder cancer, 423–424

Trastuzumab (Herceptin), 281
Trazodone, 728
Treatment recommendations. 

See specific treatments
Trials

for anal cancer, 398–400

for breast cancer, 288–291, 294, 
299–300
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for medulloblastoma, 61–62
for pediatric Hodgkin’s 
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for prostate cancer, 432
for RCC, 415–416
for rhabdomyosarcoma, 

648–650
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327
for spinal cord compression, 

684–685
and studies, for orbital 
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pseudolymphoma, 93

for thyroid cancer, 185–187
for Wilms’ tumor, 633–634

Trigeminal neuralgia
pearls of, 67
SRS for, 67
surgical options for, 67

Trimethoprim/sulfamethoxazole, 
716

TSEB. See Total skin electron 
beam

TSH-secreting pituitary tumors, 54
Tumor cells, repopulation of, 

radiobiology relating to, 
691

Tumor markers, radiobiology 
relating to, 698–700

Tumors. See also Bone tumors; 
Pediatric tumors; 
Primary spinal cord 
tumors; Salivary gland 
tumors; Stomach 
tumors; Thymic tumors; 
Transurethral resection 
of bladder tumor

chiasmal, 42
chiasmatic/hypothalamic, 42
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choroid plexus, 46–47
GE junction, 340–341
giant cell, 608
Glomus, 191–192, 193, 194
Klatskin, 370
multifocal, 42
nongerminomatous germ-cell, 

55, 56, 57
non-seminomatous germ cell, 

487
optic nerve, 42
pineal, 55–57
pituitary, 52–55
plasma cell, 599
rhabdomyosarcoma associated 

with, 641
uveal melanoma, 81–82
Wilms’, 629–634

TURBT. See Transurethral 
resection of bladder 
tumor

Tylenol, with codeine, 720

U
Ulcerease, 718
Undifferentiated carcinoma, 100
Urethral cancer

complications of, 559
dose limitations for, 558–559
of female, 556
follow-up for, 559
of male, 556
pearls of, 555
radiation techniques for, 558
staging for, 556–557
studies for, 558
treatment recommendations 

for
EBRT, 557
RT, 557
surgery, 557

workup for, 556
Uterine carcinomas, endometrial 
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515–516

Uterine sarcoma, endometrial 
cancer relating to, 518

Uveal melanoma
complications of, 84
follow-up for, 84
outcomes for, 83
pearls of, 76
radiation techniques for

episcleral plaque, 83, 84
proton/charged particle 

therapy, 82
SRS, 83

staging for, 77–80
studies of, 81–82
survival rates for, 83
treatment recommendations 

for
enucleation, 81
surgery, 81

tumors, sizes of, 81–82
workup for, 76

V
Vaginal brachytherapy, 524
Vaginal cancer

brachytherapy for, 536
chemotherapy for, 536
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dose limitations for, 541–542
follow-up for, 542
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pap smear for, 535
pearls of, 535–536
radiation techniques for

brachytherapy, 541
EBRT, 536, 538, 540–541

risk factors for, 535
staging for, 536–537
studies for, 540
treatment recommendations for

CO
2 laser, 537

palliative RT ± chemo, 539
surgery, 538–539
topical 5-FU, 537
vaginectomy, 538
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VAIN and HPV associated with, 
535

workup for, 536
Vaginal intraepithelial neoplasia 

(VAIN), 535
Vaginal packing, for gynecologic 

bleeding, 687
Vaginectomy, 538
VAIN. See Vaginal intraepithelial 

neoplasia
Valacyclovir, 717
Vardenafil, 725
Venlafaxine, 721
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Very low dose rates (VLDRs), 691
Vinblastine, 229, 565, 568
Vincristine, 57, 631, 632
Vinorelbine, for non-small cell 

lung cancer, 229
Vitamin E, 725
VLDRs. See Very low dose rates
von Hippel-Lindau disease, 411
Vulvar cancer

anatomy of, 545
complications of, 552
dose prescriptions and dose 

limitations for, 552
follow-up for, 553
pearls of, 545
radiation techniques for, 

552–553
risk factors for, 545
staging for, 547–548
studies for

chemo-RT, 551
midline block, 551
nodal involvement and 

management, 550–551
pelvic/inguinal RT, 

indications for, 550
post-op vulvar RT, 

indications for, 550
treatment recommendations 

for
CO

2 laser, 549

local excision, 549
wide local excision, 549

workup for, 545–546

W
WART. See Whole abdominal 

radiation therapy
WBRT. See Whole-brain RT
Western blot, 696
WHO classification, of Hodgkin’s 

lymphoma, 563
WHO-EORTC classification, of 

cutaneous lymphomas, 
594

Whole abdominal radiation 
therapy (WART), 
525, 530, 531

Whole-brain RT (WBRT), for brain 
metastases, 676–680

Wide local excision, for vulvar 
cancer, 549

Wilms’ tumor
complications of, 634
genetics of, 630
histology of, 630
NWTS-5 dose limitations for, 

634
pearls of, 629
presentation for, 629–631
radiation techniques for, 634
staging for, 630–631
treatment recommendations for

chemotherapy, 631
nephrectomy, 631–632
RT, 632–633
surgery, 631

trials for, 633–634
workup for, 630

Y
Yttrium microspheres, for liver 

cancer, 363

Z
Zoledronic acid, 730
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