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PREGNANCY AND

RADIOTHERAPY - IS THERE AN ISSUE FOR
FEMALE STAFF MEMBERS

OCCUPATIONALLY EXPOSED TO RADIAT,

J. M. Jensen',  C. Schroeder', F.-A. Siebert?,
D. Niven', I. Fife'

1 Dept. of Medical Physics, CCMB, Winnipeg, Canada
2 Kilinik f. Strahlentherapie (Radioonkologie), UKSH, Kiel, Germany

Abstract

When medical linear accelerators are operated at bremsstrahlung energies higher than 10 MeV-X,
the radioactive materials produced by photonuclear reactions can cause an internal and external exposure
to the staff.

This survey includes measurements on medical linear accelerators of one major vendor. Photon
energies range from 4 to 18 MeV-X. By means of photonuclear effects, radioactive substances are produced
inside of the treatment head of the linear accelerator, in the walls, ceiling and floor of the vault, in air and
in the patient itself. The actual dose rates, caused by the radioactive decay of the radioactive materials,
is measured by commercially available ion chamber survey meter after switching off the beam in a timeline
with respect to daily routine. Depending on energy of the bremsstrahlung and different daily routine
procedures, the annual exposure for staff members, can add up to 3.5 mSv. Especially for pregnant and
breast feeding female staff members it is important to avoid incorporation of radioactive material and to
limit the external exposure. Working conditions have to be organized to keep the Radiation Protection
Regulations with respect to prohibition of incorporation and limitation of exposure to the fetus as low as
I mSv.

Keywords : radiation protection, annual dose, pregnancy, permissible exposure

I. INTRODUCTION

Places of work in the departments for
radiotherapy, nuclear medicine and diagnostic
radiology are due to radioprotection survey with
respect to national and international legal rules,
because special equipment and materials are in
use -2, According to radioprotection regulations,
occupationally exposed staff members have to wear
specific badge detectors (i. e. film, TLD, OSLD) for
dose determination. Because of possible harmful
effects of ionizing radiation on human beings and
the environment, the exposition is strictly limited.
The maximum permissible effective dose to the

public is 1 mSv per year, to occupationally exposed
staff members 20 mSv per year.

Passive facilities, radiation protection
equipment, and controlled access guarantee
compliance with the regulations. Access to nuclear
medicine departments and X-ray suites during
imaging is prohibited according to national and
international regulations. Radiotherapy departments
and vaults are special cases : During beam-on in
patient treatment, dosimetrical measurements and
QA, radioactive material is produced by nuclear
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photo effect in the treatment head, walls, ceilings,
floor, air, as well as in the patient itself and the
dosimetrical equipment, when bremsstrahlung
energy is higher than 10 MeV-X @9, The induced
activity has to be accounted for, when estimating
exposure doses to the public and to the staff,
especially to pregnant members of the staff.

The maximum permissible values of the
effective dose for the public is 1 mSv/y, for a fetus,
which receives a radiation dose because of the
occupation of the mother, the maximum permissible
dose is 1 mSv per 9 months. This number includes
external and internal radiation doses.

To estimate or determine low dose values at the
surface of the body as well as internal dose
measurements are critical of several reasons (see
Chapter V.). Therefore external occupational doses
have to be determined by indirect measurements :
a) by dose rate measurements, b) by calculations,

Table 1 Radioactive Nuclides (selection)

depending on parameters of the radioactive source.
The internal dose is determined using physical and
biological parameters of incorporated radioactive
material and time of exposition.

Il. MATERIAL AND METHODS

This investigation was carried out on two
medical linear accelerators of one vendor. Both units
produce two different maximum photon energies:
15 and 18 MeV-X. Even if different vendors realize
different design features in their products, the
resulting dose rates based on production of
radioactive materials by photo nuclear effects and
the subsequent decay, is not that different : The
standardized exposure doses per year vary from 1|
to 4 mSv G678,

Table 1 shows a list of induced radioactive
isotopes, grouped according to position of production
: treatment head; floor, wall and ceiling; air. The

Group Nuclide HL Eth [MeV] Process Mode of Decay
I. Linear Al 2.31 min - (n,y) By
accelerator “Fe 8.51 min 13.4 (Y, n) B+ EC,Y
(treatment head, “Co 528a - n, vy By
couch, ®Cu 9.8 min 10.8 (Y, n) B+, EC
base frame) *Cu 12.9h 9.9 (Y. n) B-, B+ EC, Y
1oy 1.6 min 7.2 (Y. n) IT,y
oW 23.9h - nvy) By
AU 6.18 d 8.1 (Y. n B- B+ Y
AU 2.693d - nvy) By
“Ppp 2.16d 8.2 (Y. n EC,Y
I1. Air °N 2.04 min 10.6 (y.n) B+
0 9.97 min 15.7 v, n B+
I1l. Building Al 2.31 min - (n,y) By
(walls, ceiling, 0 9.97 min 15.7 (Y. n) B+
floor) *“Na 15h - (n, vy By
¥l 32 min 12.7 (Y, n) B+ v

Explanations: HL physical half life; Eth activation threshold energy;,

E(y) energy of emitted photons, Ann. Rad. annihilation radiation;
p-, p+ beta decay, EC electron capture; IT isomeric transition
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energy of the emitted gamma radiation ranges from
174 keV up to 1.8 MeV. The mean free path length
in air is larger than about 60 m. Therefore a
separation of the contributions by components is
impossible : each dose rate measurement reflects
all activated components ©-2.

Two different survey meters have been used:
TOLF (Berthold Techn., Bad Wildbad, Germany)
and Victoreen 451 (Fluke Corp., Cleveland, USA).
Both instruments are using the principle of air
ionization. The dose rate scales range from 0.1 uSv/h
to 10 mSv/h and 0 mSv to 500 mSv/h, respectively.
As calibration source for both instruments, *’Cs is
used: The response over the whole energy range is
characterized by = 30 %, the accuracy of the readings
on any dose rate range is = 10 %. In integral mode,
both survey meters show an extremely high
linearity : regression coefficient r = 0.99998 ; the
standard deviation of estimation ¢ < 1.4 %.

To determine the dose to uterus or fetus, three
different substitute positions have been realized:
1) exit window at the treatment head; 2) isocenter;
3) position of the radiotherapist/technologist: 45 cm
beside isocenter, and 100 cm above floor ("gonades'
position").

Table 2 Air activation parameters and consequences

One cycle of dose rate measurements consists
out of the following single measurements for the
three above described positions: 1. dose rate prior
to application of 2 Gy; 2. dose rate after delivering
2 Gy at a timeline according to daily routine (1, 2,
3,5, 10, and 15 min after beam off). The following
cycle starts again with the application of 2 Gy at a
gantry angle of 0° (beam directed to floor), a field
size 0f 20 x 20 cm?, and a standard dose rate of 600
MU/minute.

This survey was carried outon a 15 MeV-X unit
(unit T) and an 18 MeV-X unit (unit II). Test
measurements on 4, 6 and 10 MeV-X units confirmed
the theoretical findings, that threshold energies for
activation are higher than 10 MeV, i. e. Eth(**N) =
10.5 MeV. This introductory measurements included
"dose rate mapping" of the treatment room, to
estimate the influence of the position of the
radiotherapist during patient set up and preparation
of the treatment on annual dose to the staff.

For estimation of external radiation exposure
the following parameters are taken into account:
- time dependency of dose rate;
30 patients per day;
- 236 days per year;
2 Gy per fraction;
cycle time 15 minutes;

Nuclid "N 0
T, [N 0.167 0.0344
C (15X) [Ba/m’] 243 -
C (18X) [Ba/m?] 816 1781
DF [Sv/Bgeh] 7.0+10" 8.9+10™
Annual activity uptake [Bq]
Unit | 0.6+ 10° -
Unit 11 2+10° 43+10°
Annual internal exposure [uUSv]
Unit | 1.0 -
Unit 11 3.3 1.9

Assumptions: annual breathing volume 2400 m’;
high photon energy use only ; C concentration of nuclides in air ;

T, effective half life; DF dose factor L5 17,
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- time spending per patient in the vault 1-14
minutes;

- usage of higher photon energy only
(15 MeV-X for unit I and 18 MeV-X
for unit II).

A second scenario is based more on European
conditions, i. e. German basic conditions:
50 patients per day;
220 days per year;
cycle time 10 minutes;
time spending per patient in the vault
(set up time) 1-9 minutes.

For the final determination of the radiation
exposure a worst case scenario is assumed: set up
time is 9 minutes (unit I) or 14 minutes (unit II).
Beside external exposure an internal exposure has
to be assumed, because air activation (*O and “N)
is possible (Table 1 and Table 2). Additional to
routine treatments on both units special treatments
are carried out, i. e. total body irradiation with about
5400 MU per fraction twice a day. For unit I about
25 patients per year, for unit II 12 patients per year
are treated by this special procedure. On 75 days
and 36 days per year, respectively, a significantly
higher activation rate and subsequently a higher
annual dose to the staff can be assumed.

L. LEGAL BACKGROUND AND
REGULATIONS

If radiation protection regulation provide for
access and employment prohibition, then radiation
exposure with respect to incorporation of activated
air can be neglected, because of low concentration
and dose factors.

Should incorporation of radioactive material be
totally avoided, pregnant or breast feeding female
staff members are not allowed to have access to
linear accelerator vaults, despite the radiation dose
resulting. This solution guarantees, that dose limits
to the fetus are always kept, based on measurements
by official exposure detectors, i. e. film, TLD, OSLD.
In ICRP 103 Report 39 a maximum external dose
to the fetus of 1 mSv is stated, the incorporation
should be kept "extremely low". This statement
doesn't prohibit access and working in linear
accelerator vaults. Employers, radiation protection
officers and radiation protection commissioners have
to guarantee by organizational procedures the
compliance with regulations, to keep maximum
permissible doses for pregnant and breast feeding
staff members.

IV. RESULTS

Detailed measurements of the local dose rate
have been carried out on the distinctive positions on
two medical linear accelerators. In Figure 1 the dose

Figure 1 Time - Dose Rate Characteristic (18 MeV-X unit).
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rate dependency on time is shown for the three
relevant positions: isocentre (IC), exit window or
cross hair (CR) and position of radiotherapist (M).
The peak dose rate is increasing according to number
of simulated fractions, activation formula and photon
fluence. For the positions IC and CR the saturation
dose rates are achieved after application of 5
fractions and 3 fractions, respectively.

For the position M already after one fraction,
the saturation dose rate is achieved: 1.96 uSv/h. Both
positions, IC and CR, are not seen as realistic sites
for pausing of the radiotherapist. For further
evaluation only data measured at the position M are
taken. The effective physical halflife of the induced
radioactivity shows a short- term and a longer
component : T(short) = 2 minutes; T(long) > 43
minutes. A separation and identification of isotopes
based on dose rates is impossible, because of the
minimum mean free path length of photons is about
60 m in air. Therefore each individual measurement
shows contributions of all components, i. e. linear
accelerator, floor, walls, air, etc.

Mathematical integration of dose rate curve
(sum of two exponential functions) within the limits
tl and t2 (t1: entering treatment room; t2 leaving
treatment room) adds up to the dose to a member of
the staff with respect to one fraction. On days with
TBI treatments the dose rate is increased by a factor
of 3.8 (Table 3). The calculated dose at position M
per fraction is 0.16 pSv (unit I) and 0.2 puSv (unit
II). Accounting for the basic conditions (see above)

Table 3 Annual external exposures

Unit | Il
Scenario 1 [mSv/a] 1.8 1.4
Scenario 2 [mSv/a] 3.5 2.1
Scenario 3 [mSv/a] 1.1 0.9
Scenario 4 [mSv/a] 0.3 0.2
Scenario 1 [mSv/a] 1.4 1.1
(no TBIs)

Explanations: Scenario 1 und 2 (see text); Scenario 3:
normal routine (3 min. break and 11 min. resp. 6 min.
set-up time), Scenario 4: normal routine (1 min. set-up
time and 13 min. resp. 8 min. break); Beam on time for
all scenarios: < 1 min.

the annual dose to the uterus is 3.5 mSv (unit I) and
2.1 mSv (unit IT). For a 9-months-period (pregnancy)
and without any special treatments (i. e. TBI), the
fetal doses are still above the limit of 1 mSv (Table 4)
for both units.

Table 4 Dose-Reduction-Factors

Modality ki
MU(HIGH EBS ) vs. MU(total) : *0.4
Number of RTs/Technologists : *0.5
Number of patients per day : *0.8
Set-up time : *0.67
Position of RTs/Technologists : *0.86
kred : ~ *0.09

= Dred < 0.32 mSv

V. DISCUSSION AND CONCLUSIONS

Radiation protection recommendations, such as
ICRP, EURATOM 31413 "and subsequently national
regulations”, have lowered continuously the
limits of protection for ionizing radiation for the
public as well as for pregnant occupationally
exposed female workers. Especially protection of
fetus became more and more a higher priority. The
latest recommendation is 1 mSv for external
exposure to the fetus and the internal exposure
should be "reasonable low". Although this
consideration of the worst-case scenario results in
anon-negligible annual dose to members of the staff
of radiotherapy departments, the monthly or
quarterly film dosimetry records (or for other
detectors) show no detectable doses. From a practical
point of view some dose reduction factors come into
effect, 1. e. usage of high energy photon beams
(40 %), number of radiotherapists and technologists
(at least two radiotherapists), practical set-up times
(t<14 min. and 9 min., respectively), position during
set-up of the patient (Table 5 and Table 3), number
of patients per day (about 80 % of the worst-case
assumption). The overall reduction factor kred is the
product of the individual factors ki : kred = ITki
= 0.09. Taking this factor into account, the annual
doses might be reduced by about 90 %: Dred = 3.5
mSv ¢ kred = 0.32 mSv. Additionally, it has to be
accounted for the threshold levels, accuracy and
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Table 5 Mean local dose rate values (after routine treatment day) for treatment unit II.

Position

Dose rate* [uSv/h] Rel. Dose rate [%]

Treatment head (CR)

Isocentre ** (IC)

Isocentre *** (IC)

Treatment head (100 cm) (S)
Cover of treatment head (5 cm) (C)
Turn table (T)

RT/technologist position (M)

RT (upper trunk/front) (M)

Walls (W)

Floor (F)

Maze/door (S/T)

Counter (A)

Control console ("Beam On") (K)

* ca. 20 min after treatment end;
**  closed jaws;
*** field size 20 x 20 cm’

reproducibility of the detector systems (film, TLD,
OSLD), as well as for possible rounding errors in
data evaluation and reporting: The non-detectability
of doses smaller than 0.32 mSv per year is obvious.
But with respect to the dose minimizing dictate of
national and international regulations and
recommendations, steps have to be taken to
guarantee optimal protection of pregnant and
breastfeeding staff members.

This can be accomplished by prohibiting access
to treatment rooms/vaults for work-related groups.
All linear accelerator vaults, where a unit with

3.88 626
0.61 98
1.32 213
0.51 82
0.99 160
0.93 150
0.62 100
0.75 121
0.24 39
0.37 60
0.15 24
0.34 55
0.81 131

higher photon energy than 10 MeV-X is in operation,
are affected. The affected group of staff members
includes therapists, technologists, physicians, and
physicists. A total avoidance of the linear accelerator
area/vault for pregnant staff members is the absolute
safest and most satisfying solution to keep internal
and external doses below limits 1. Accuracy of
external dose detection at this low level, rounding
errors and limited knowledge about internal dose
distributions support this statement 9. The integrity
of the fetus should have priority over economic
considerations @ 1217,
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Abstract

Introduction

Bone is a commonly metastatic site from several common cancers such as breast, kidney, lung,
multiple myeloma, prostate and thyroid gland. Radiotherapy and medical treatments can relieve pain,
prevent complications, improve functioning and quality of life. In Mahavajiralongkorn Thanyaburi
Hospital, there is no reported data about management of bone metastasis. This retrospective study is
conducted to evaluate the treatment modalities, median survival and overall survival.

Material and methods Retrospective, descriptive study of patients with bone metastasis who received
treatment in Mahavajiralongkorn Thanyaburi Hospital between 1 January 2006 and 31 December 2007
and were followed up to 30 July 2010.

Results A total of 111 patients received treatments of bone metastasis; 63 (56.76%) were females
and 48 (43.24%) were males. The three most common primary cancer sites were lung (29 patients, 26.13%),
breast (26 patients, 23.42%) and thyroid (13 patients, 11.71%). Radiotherapy was the main treatment of
our patients. Median follow-up time was 3 months (mean = 8 months, ranged from 0.25-55 months). The
overall median survival time was 3.00 + 0.32 months (95%CI = 2.38-3.61), 1-year and 2- years survival
rates were 22% and 12%, respectively. Thyroid cancer had the longest median survival (MS) time (34.00
+ 15.27 months, 95%CI =4.07-63.93), with 1-year and 2- years survival rate of 77% and 52%, respectively.
The factors which effected on MS were bone metastasis at initial presentation versus develop bone
metastasis later (MS, 3.00 vs. 7.00 months), primary tumor controlled vs. uncontrolled (MS, 7.00 vs. 3.00
months), patients had symptom from bone metastasis vs. without symptom (MS, 3.00 vs. 6.50 months)
and patients had bone metastasis alone vs. multiple organ metastases (MS, 4.00 vs. 2.50 months)

Conclusions Radiotherapy was the main treatment of our bone metastasis patients. Thyroid cancer
with bone metastasis patients had excellent clinical outcome. Remarkable poor prognostic factors included
bone metastasis at initial presentation, uncontrolled primary tumor, symptomatic bone metastasis and
multiple organ metastases.
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INTRODUCTION

Bone is a commonly metastatic sites from
several common cancer such as breast, kidney, lung,
multiple myeloma, prostate and thyroid cancers.!>
Vertebral spine is the most common site of bone
metastasis. Other common sites are pelvic bone,
femur, humerus, ribs, and the skull."-® Bone
metastasis has been characterized as osteolytic or
osteoblastic. Osteolytic metastasis can cause severe
pain, pathologic fractures, spinal cord compression
and/or nerve-compression syndrome and
life-threatening hypercalcemia. Patients with
osteoblastic metastasis have bone pain and pathologic
fractures because of poor quality of bone.® Coleman
reviewed clinical features of metastasis bone disease
and risk of skeletal morbidity. Their study showed
median survival in bone metastasis cancer patients
ranged from 6-48 months, depending on the tumor
type.® The Rapid Access Palliative Radiotherapy
Program (RAPRP), established in 2006, showed that
50% of all cancer patients developed metastasis.
About half of those were bone metastasis. Median
survival for all histology once bone metastasis was
7.2 months.©®

Many different treatments can not cure bone
metastasis, but can relieve pain, prevent complications,
improve functioning and quality of life. There are
two types of treatments for bone metastasis.
Systemic treatments can reach cancer cells
throughout the body, while local treatments treat
cancer in the bone directly. Systemic therapies
include chemotherapy, hormone therapy,
bisphosphonate, radiopharmaceutical and other
medicines that are taken by mouth or injected into
the blood. Local treatments include external
radiation therapy and surgery.

In Mahavajiralongkorn Thanyaburi Hospital,
there was no data about management of bone
metastasis. This retrospective study was conducted
to evaluate treatment modalities and median
survival. These results may serve as an overview of
our experiences in treatment and provide some
information for selection proper management to each
patient. Furthermore, these data were the basic
information and might be used to improve the
treatment of bone metastatic patients in the future.

MATERAIL AND METHODS

We searched the archives of patients with bone
metastasis who received treatment in Mahavaji-
ralongkorn Thanyaburi Hospital between January
1, 2006 and December 31, 2007. All patients were
followed up to July 30, 2010. The following data
were collected: age, sex, primary tumor, clinical
manifestation, treatment modalities (surgery,
chemotherapy, radiotherapy, hormonal treatment,
I-131 treatment and symptomatic and supportive
treatment). All treatment outcomes including median
survival and overall survival were extracted. We
excluded patients who were lost to follow-up and
had inadequate data for analysis.

Data were analyzed using SPSS statistical
software, version 15 (SPSS Inc.,Chicaco.IL).
Descriptive statistic was summarized as number and
percentage. Median survival (MS) and overall
survival (OS) were analyzed by Kaplan-Meier
method. Log-rank test were used to compare
between each factor which we interest. A two sided
p-value <0.05 was considered statistically
significance.

RESULTS

Actotal of 111 consecutive patients was studied,
63 (56.76%) were female and 48 (43.24%) were
male. The mean age was 56.25 (ranged 14-91) years;
54.67 (ranged14-91) years in female and 58.33
(range 32-82) years in male. Three most common
primary sites were lung (26.13%), breast (23.42%),
and thyroid (11.71%). Details of primary cancer sites
are shown in table 1.

Table 2 demonstrates baseline characteristics
of metastatic pattern. The majority of patients
presented initially with symptomatic bone metastasis
and had multiple sites of lesions. Radiotherapy was
the main treatment of our patients. Almost half of
the patients received radiotherapy alone (48.65%).
Six patients (5.41%) received chemotherapy alone,
2 (1.80%) patients received hormonal therapy alone
and only 1 (0.90%) patient received surgery alone.
Twenty-one patients (18.9%) received combined
modalities: radiotherapy and chemotherapy
(10 patients; 9.0%), radiotherapy and hormonal
therapy (6 patients; 5.4%), radiotherapy and
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Table 1 Primary cancer sites

Primary site No. %
Lung 29 26.13
Breast 26 23.42
Thyroid 13 11.71
Gastrointestinal 12 10.81
-Esophagus 3 2.70
-Stomach 2 1.80
-Colon 2 1.80
-Rectum 2 1.80
-Liver 2 1.80
-Pancreas 1 0.90
Prostate 8 7.21
Head and neck 7 6.31
-Nasopharynx 4 3.61
-Tonsil 1 0.90
-Oropharynx 1 0.90
-Hypopharynx 1 0.90
Cervix 3 2.70
Non-Hodgkin's lymphoma 1 0.90
Other 3 2.70
-Sweat gland 1 0.90
-Soft tissue 1 0.90
-Melanoma 1 0.90
Unknown primary tumor 9 8.11

chemotherapy and hormonal therapy (4 patients;
3.6%), and radiotherapy and surgery (1 patients;
0.9%). Twelve thyroid cancer patients received I-131
treatment and the other one received only
radiotherapy. There were 15 (13.51%) patients
received only symptomatic and supportive
treatment.

Follow-up time was since the start of treatment
of bone metastasis at Mahavajiralongkorn
Thanyaburi Hospital until loss to follow-up and/or
death. Median follow-up time was 3 months (mean
= 8.48 month, ranged from 0.25-55 months). MS
for all patients was 3.00 months (95%CI = 2.38-
3.61). The 1-year and 2- years OS were 22% and

| L8033 91sASALNALSLASNYLE:L:5UINELUS:INATNg
2 on 19 avun 2 nsnnIAU-sSUIIAU 2556

12%, respectively. Patients with bone metastasis
from thyroid cancer had the longest MS 34.00
months (95%CI=4.07-63.93), while corresponding
l-year and 2- years OS were 77% and 52%,
respectively. The MS of bone metastasis from other
primary sites were as following; cervical cancer was
9.00 months (95%CI = 0.00-18.60), breast cancer
was 5.00 months (95%CI = 1.26-8.74), head and
neck cancer was 4.00 months (95%CI=2.71-5.28),
prostate cancer was 3.00 months (95%CI
1.66-4.34), lung cancer was 2.00 months (95%CI
1.39-2.61), gastrointestinal cancer was 2.00 months
(95%CI =1.20-2.80) and from other primary tumor
(sweat gland, soft tissue and melanoma) was 3.00
months (95%CI = 1.4 - 4.6). In unknown primary



Table 2 Baseline characteristics of the metastatic patterns

Characteristics No. %
Status of disease
Initial presentation with bone metastasis 72 64.87
Primary tumor controlled 7 6.31
Primary tumor uncontrolled 65 58.56
Developed bone metastasis later 39 35.13
Primary tumor controlled 24 21.62
Primary tumor uncontrolled 15 13.51
Symptoms related to bony metastasis
With symptom 63 56.76
Without symptom (diagnosis by bone scan) 48 43.24
Extension of bony metastasis
Single bone metastasis 22 19.82
No other organ metastasis 15 13.51
With multiple organ metastases 5 4.51
With cord compression 2 1.80
Multiple bone metastasis 89 80.18
Multiple bone metastases alone 51 45.95
With multiple organ metastases 31 27.93
With cord compression 5 4.50
With cord compression and multiple organ metastases 2 1.80
Site
Spine metastasis 66 59.46
Non-spine bone metastasis 15 13.51
Spine and non-spine bone metastasis 30 27.03
cancer with bone metastasis, MS was 0.25 months. DISCUSSION

One patients of bone metastasis from non-Hodgkin’s
lymphoma was dead in 1 month. (Figure 1 shows
survival rate by primary site)

We evaluated the following prognostic factors
for their possible impact to survival status of disease,
symptom, extension of disease and site of bone
metastasis. Poor prognostic factors included initial
presentation with bone metastasis, uncontrolled
primary tumor, symptomatic bone metastasis and
multiple organ metastases. Detailed data are shown
in table 3.

This study showed that the most common
cancers spread to bone were lung, breast, thyroid
and prostate cancer. The median OS was 3 months.
In other studies breast and prostate cancer was the
common primary site for spread to bone because of
the high prevalence of these disease.® The median
survival for all histology once bone metastasis in
The Rapid Access Palliative Radiotherapy Program
(RAPRP) was 7.2 months. © While International
Atomic Energy Agency (IAEA) guideline for
palliation of bone metastasis reported median
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Table 3 Prognostic factors in univariable analysis

Prognostic factors MS (months)  1-year OS 2-year OS p-value
Status of disease
Initial presentation with bone metastasis 3 8% 6% <0.001
Progression of primary cancer 7 45% 26%
(developed bone metastasis later)
Status of primary disease
Primary tumor controlled 7 55% 36% <0.001
Primary tumor uncontrolled 3 25% 9%
Symptoms related to bony metastasis
With symptom 3 10% 3% <0.001
Without symptom (diagnosis by bone scan) 6.5 37% 20%
Extension of bony metastasis
Single bone metastasis 8 32% 17% 0.502
Multiple bone metastasis 3 28% 18%
No other organ metastasis 4 32% 17% <0.006
With multiple organ metastases 2.5 20% 0%
Site
Spine metastasis 3 14% 10% 0.07
Non-spine bone metastasis 6 32% 20%

Figure 1 Overall survival by primary tumor
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survival range between 2-6 months.  Our thyroid
cancer patients had the longest median survival. The
retrospectively study of 1977 patients with
differentiated thyroid carcinoma from 1958-1999 in
Pitie-Salpetriere hospital involved 109 patients with
bone metastasis. All patients underwent total
thyroidectomy then followed by radioiodine therapy.
The survival rate at 5 and 10 year were 41% and
15%, respectively and median survival was 3.9
years. ®In 2011, Wexler revealed the overall 10-year
survival rate for patients with differentiated thyroid
cancer were 80-95%. Once distant metastasis
developed, 10-year survival was 40%. However,
10-year survival of the thyroid cancer with bone
metastasis were in the range of 0-34% and mean
survival was estimated about 4 years. Nearly all
patients received radioiodine, and many patients
also underwent adjuvant therapy including surgical
excision of bony lesion, external radiotherapy,
arterial embolization or chemotherapy. ©

The MS of bone metastasis from other primary
sites in our study was shorter than other studies.
Yavas retrospectively analyzed the data of 248 breast
cancer patients whose first distant metastasis was in
the skeletal. The median survival after bone
metastasis was 32 months. !9 Norgaard performed
acohort study of 23,087 patients with prostate cancer
from Danish National Patient Registry from 1999
to 2007. One and 5-year survival was 47% and 3%,
respectively, in those with bone metastasis. '’ The
retrospectively reviewed of 118 patients with bone
metastasis from lung cancer treated at Aichi Cancer
Center Hospital between 1999 and 2002. The median
survival was 7.2 months and the cumulative survival
rates were 59.9% at 6 months, 31.6% at 1 year, and
11.3% at 2 years. (12

Poor prognostic factors in our study included
initial presentation with bone metastasis, uncontrolled
primary tumor, symptomatic bone metastasis and
multiple organ metastases. In Dutch Bone Metastasis

Study, the significant predictors for survival were
Karnofsky performance score, primary tumor and
the absence of visceral metastasis. ! This is in
accordance with the prospectively randomized
Dutch Bone Metastasis Study on the effect of a
single fraction of 8 Gy versus 24 Gy in six fractions
on painful bone metastases, which revealed a good
Karnofsky Performance Score, no visceral
metastases, and non-opioid analgesics intake as a
good prognostic factor for survival. ¥ Suguira
reviewed prognostic factors in bone metastasis from
lung cancer, better prognosis included patients with
adenocarcinoma, no evidence of appendicular bone
metastases and treatment with an epithelial growth
factor receptor inhibitor.

All our patients who received symptomatic and
supportive treatment were dead within 4 months and
median survival time was 3 months. Other patients
who received specific treatment had better survival.
Patients who received single modality treatment had
shorter survival than multiple modality treatment,
except thyroid cancer treated with I-131 treatment.
Radiotherapy was our primary therapeutic modality
for the treatment of bone metastasis. The median
survival time for radiotherapy alone, radiotherapy
plus chemotherapy, radiotherapy plus hormonal
therapy, radiotherapy plus chemotherapy and
hormonal therapy were 3 months, 5 months, 5
months and12 months, respectively. Patients who
received specific treatment had better survival than
supportive treatment due to performance status and
from primary site of cancer. One unknown primary
tumor who received radiotherapy plus surgery was
still alive more than 3 years.

However, as we described, this study could
serve as an overview of our experiences in treatment
bone metastatic patients. The result provided some
information for selection of proper management in
each patient in the future.
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A9 2 1 lFEuWsUNan1IaeeRRaeaEs197 Tunzide Hodgkin lymphoma

EORTC Hg-U"™" Milan? GHSG HD8™ British |
Columbia

Number of patients 996 136 1,068 325
Arm 1 CT 4c + STNI CT 4c + STNI CT 4c + EFRT CT 2-4c + EFRT
Arm 2 CT 4c + IFRT CT 4c + IFRT CT 4c + IFRT CT 2-4c + IFRT
Arm 3 CT 6¢c + IFRT - - CT 2-4c + INRT
Chemotherapy MOPP-ABV ABVD COPP/ABVD Not specify
Radiation dose (Gy) 36-40 30.6-40 30-40 30-35
Event-free survival 87, 88, 84% 93, 94% 86, 84% NS
Overall survival 84, 85, 88% 96, 94% 91, 92% NS

CT = chemotherapy; ¢ = cycles; IFRT = involved-field radiation; EFRT = extended-field radiation; STNI = subtotal nodal irradiation; INRT =

involved-node radiation; MOPP-ABV = Mechlorethamine + Oncovin + Procarbazine + Prednisolone + Adriamycin + Bleomycin + Vinblastine; ABVD

= Adriamycin + Bleomycin + Vinblastine + Dacarbazine; COPP/ABVD = Cyclophosphamide + Oncovin + Procarbazine + Prednisolone alternating

with Adriamycin + Bleomycin + Vinblastine + Dacarbazine
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31]17; 8 : Involved-node radiation (INRT)
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FREauAe

* Mediastinum : ﬁﬂd@ﬁﬂ?ﬂ?@ﬂ@y supraclavicular
Tagasinadas

* Hilar : fiasana3a@Agy mediastinum #ae

« Groin : flasanai@Ag iliac FnwAtaiumaE

» Widespread mesenteric : 5@ dnAudng
(RULL) iiavaniagdle

» Parotid gland : milivﬁmgm upper neck Fnt
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 Tonsil, base of tongue, nasopharynx : e fad
v
Ususenlsn lifasnguiia Waldeyer's ring
v
« Orbit : 218598AgNIIaLTINGY
v

+ Stomach : 2EFRAGNIANTENIZEINNT 991D

celiac
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- Testis : an85@AqugnaUNEAUATITIN

81aNa901AGN para-aortic H1isaaln
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600 0 Side effects gr 11I-IV]
® ) | ;
Fandl ESO.D Thyroid
2 3
=
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= 300 7 =300 7
= nd 5
£ 200 1 27" cancer Z200 1
= Recurrence =
E E Heart
S 100 1 ~ S100 1
) Skin cancer & Tung
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Years Since Diagnosis Years Since Diagnosis
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wan119 IngaznugiAnisaliaaulugae 10 Tusn
PAINNSNHLATNAIRNITUATNUTIDL A UL NTIR
fnwneliifauzifingu Ineaznugimnisal
WNTUANNA970ATIANENUNLTU NTaRTRLLR
N132181598a70 mantle field WAL IFRT LAZAN3
anFunuiadann 35 Gy wiaalies 20 Gy 41u190

e - g oo € 1 ge
@m@umn%mm@\mvw\umumLmvuymﬂ@mm 4l

A1519% 3 UInnaufeRlunsdnunnzifase Nmaeg

. Cardiovascular disease 13pvalafinwiios
WA fAgUaeAnTsANZIS HL Aa congestive
heart failure/cardiomyopathy WA valvular disease
df;uﬁwuﬂﬂﬂu;ﬂum 78 myocardial infarction
Tafeiinanodnsinisiinlsn Ae 1At
Adriamycin kazn1R18RALTnMmLensyiaan
TneldfuLBunuFe@nanndn 15 Gy

* Pulmonary function ARt Bleomycin
i lennNeutiasaatansg gnanusadsansaeay
i lElaninutiasatnnng arladaninasadns

ianziSesantinaas UFanoussd

Hodgkin lymphoma * Pediatric 15-25 Gy

» Adult, favorable stage 1-2 20-30 Gy

« Adult, others 30 Gy
Indolent non-Hodgkin lymphoma « Palliative 4 Gy (2 x 2F)

* Curative 30 Gy
Aggressive non-Hodgkin lymphoma * Palliative 20-30 Gy

» Complete response 30" Gy

* Partial response 40" Gy

* Nasal NK-T cell 50" Gy
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n9islen Ae Pinnaufedwasidenlasuninnan
13 Gy 4aznIquwsT>®

« Gonadal failure 11117 Mechlorethamine,
Procarbazine wari3u1uiedineaidntias ity
WunTuld (wannda 1.2 Gy Tufana wazannnda 2
Gy lugudq) Aedunisilesiuatunsoinlalae

= Ao o a oA o =
Wasugnsa1aitnge uaniasani1saneaiag
UsnfuTens w nsendneadsld waz ovarian

cryopreservation®’

« Thyroid abnormalities ANRALUNAANLLaE
NAIN17918598 Aa hypothyroid, Graves' disease,

adenoma, cancer AMNAF BItlada NN NaR a8

naifinlsa Ae UEnuiadnnngn 25 Gy=??

+ Bone growth NM3anafsaLsnnszanlugag
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dLnavas NHL

- msamdalsa
- EBV : duwnusniulsa Burkitt's lymphoma,
NK/T-cell lymphoma, primary CNS
lymphoma
- H. Pylori : duiusniulsm extranodal
marginal zone lymphoma
«  HCV: duusiiulsa splenic marginal zone
lymphoma
«  HTLV-1 : duWusrulsm adult T-cell

lymphoma/leukemia

AM9NNAALTA H. Pylori, HCV, HTLV-1 {ludau
ik lunnsfnuEnlsansidarantinuaeeianang
- DAANUNIUG

* Acquired immune deficiency syndrome

*  Post-transplant
- MSANAARITIAONS5

« ANTANFN
Vo a o o A o a '
- welFFunitna wienisaneiaduneu

MSSNN
in lymphoma (NHL)

UEUNNERAUNIA 911890

AIINFINEUANATIINE
MATaaamen Trangniiaqiiainsal

AUAVDI NHL

1. Indolent NHL azfinnsaniiiulsadi uazmay
a | o 1 o M v o
auaspnInAani1sineEn wannsneldlainlvlse
wizaa Jlenalsanautugnléige asthe) e
(a1 1-2) wazfilanawaewilugtin aggressive
NHL 16 wiiafuaiingine
+ Follicular lymphoma, grade 1-2
» Marginal zone lymphoma

» Small lymphocytic lymphoma

2. Aggressive NHL azfinnsanfiulsaifauay

% 1o al o a aa o o v
UL nﬂmnwwxmmm Lﬂil“ﬁ']ﬁl@ﬁ ﬂ’ﬁ‘i‘ﬂ‘]ﬁ”’ﬂ/ﬁlﬂ
filasunadaumnaanald? (fegn 1-2) Gesingeann
indolent NHL wiiiuntinsing gu

» Large B-cell lymphoma

* Mantle cell ymphoma

« Peripheral (mature) T-cell lymphoma

* NK/T-cell lymphoma

3. Highly-aggressive NHL azfinsaiiulsai3a
warquwse dnarnszanslilanesuazlodunds
souislanszgneng asNzISaTAaLANaIsaLA
11117nae1999A139 Aaua1aliAN1IL tumor lysis

Py @ X = =
SyndromeimN:Li\‘iﬂquuﬂzm 2 gﬂ UL AR lymphoma
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gﬂ‘?i1:

n13aHiklsAaY indolent lymphoma (low grade) wae aggressive lymphoma (int/high grade)
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0.25 ".' " Int | High grade K
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wiiifluilasine i ANBY AANNAUTA TAUAW naslngsayn
«  Lymphoblastic lymphoma/leukemia lals menlsda nezimnzenuns anld
«  Burkitt's lymphoma/leukemia SUNT NITAN
+ NK/T-cell lymphoma Snwuiagn
Extranodal lymphoma . . o de o
. «  Mycosis fungoides NNWLNNINUI
*  Extranodal marginal zone lymphoma {n
WUANTZUANAN AaNUnan Uam nezinng qﬁ“mmﬁwaa NHL® Tuiszinealneg
N7 « Diffuse large B-cell lymphoma 67%

i L8033 91sASALNALSLASNYLE:L:5UINELUS:INATNg
4 on 19 avun 2 nsnnIAU-sSUIIAU 2556

Mucosa-associated lymphoid tissue

lymphoma 7%



« Follicular lymphoma 6%

+  Mantle cell ymphoma 4%

»  Peripheral T-cell ymphoma, not otherwise
specified 3%

*  Nasal NK/T-cell lymphoma 3%

N155n®1 NHL

~ Ao o
* Indolent lymphoma LUaINNNBFATIUNLUIAR

flanaleandududnligauazidug wiee) Al
e A oa N
Snwuilafiannis wazlinisfnudesngaiialss
AulszaasliilasatatalnnN WARRNA BN
.o 4
*  NM7RENA indolent lymphoma e8ign 1-2
qzd local control (LC) waz overall
survival (08) 16 iHesanngilaaunedou
ANNNTOUNEUIA LA AINNTRNE IR LN EI
ataAn“? (fagiil 3)

« Aggressive lymphoma azinnsantiinismisa
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» Highly aggressive lymphoma, HIV-related

lymphoma, pediatric NHL azinnsaniiulsaiiauay
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E 5 Stage IT
20 - 21
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113301 indolent follicular lymphoma
srazil 1-2

- MFA1UER IFRT 30 Gy asrainen azls
5-year OS 44014 80-90% WAz 15-year OS gnd
40% " ananniiss flanuan involved-field radiation
(IFRT) 1 ualdumnsngann extended-field radiation

(EFRT) haztFunnusad e 30.8 Gy Aieanwalunng
FeuziFIuIaannan 3 gu.©

134N Boston tnedigilaelAfunsansied
FanAuAltnge 24% i1 15-year OS gendn
60% Asgandnnisanafedetraiienaineuidde
%uj LAZIUIAEAIN MDACC wudinnsanefedsan
Auatinin 19 5-year OS gandnnsanasdating

Journal of Thai Society of Therapeutic Radiology and Oncology |

Vol. 19 No. 2 July-December 2073' 43



waaannisinndilosluehe (89% Wauiu 76%,

p=.16)" ustanaAasuuuguwuan il sz Tomd

annmslaTiTafinaInnMsanesE e

- 1914 Rituximab as19Lhaq WuILiA
complete response (CR) 3vALINIANAZNT1 60%
Aama’li 1-year progression free survival (PFS)
94% ™

« madhszieannis Bendusugitlaafienady
aziianad1aAasaInnisinEngenandselagiian
nsatuAulsa 1l sealsAndruaziesldaaian
mmmmmml‘wm mmmummmmmumm@
Aathansutiennes nsaneSdEnmtianten GRl
AN uiimﬂizmmq@uj wudngLlaesnnndt 60% s
8N19113U denalif 15-year OS gaiNaL 60% 491
lumefiflenmsinzutiu Wuaeds 1.8 1 3w
n1s3nwn™

N193N11 indolent follicular lymphoma 3¢8e
13-4
. y ae .
« N97481353981019 He9anNHE R U8INARN
flanalsanauiuinldigeuaziilug wes Adlsinag
o A A o o o a A
Fnudadennis wazlinisinundeangaiive
UszAutszaaslifilaoagatalgunIndinnag
ALTINUARE GELF way BNLI wuqnnnaLdngeda
81N17aL NN nHIENeaIn1nNGBY TFuanis
o v [yl QI o v al o o
Fnwnlugnu 08 lusneainnnsEusnunsqeaitnn
WAATAINITDEATTEZIANNBUBHI N LA 2-2.6
‘]-‘] (14-15)
. X N o o o o a ] o
« Rituximab, 1311115, 218598 Fn199n195091
di = o & 1 ﬁ
Waianng sanausisa il
NCCN -
»  Threatened end-organ function

Symptoms

»  Cytopenia secondary to lymphoma
* Bulky disease
+  Steady progression

GELF +« B symptoms

. :18V3IU QWSHWSHU’]HUS\JHSHU’] las:80aneivus:nAlng
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*  Splenomegaly

»  Pleural effusion or peritoneal ascites

«  Cytopenia (WBC < 1,000 /mm3 or
platelet < 100,000 /mm3)

* Leukemia (malignant cells > 5,000 /
mm3)

« Nodal sites = 3 (each = 3 cm)

*  Bulky disease =7 cm

n1714f Rituximab + maintenance Rituximab

= ¥ al 2 A AI 4
AuadnaAetiag waraNIINEnsaznaIN1FEN A

(16-17)

witinda/anasa@eaantdlad " (degln 4) uel

daideAnmATLN

afdTaduFunzifeafinilde R-CVP
(Rituximab + Cyclophosphamide + Vincristine +
Prednisolone); R-CHOP (Rituximab + Cyclophos-
phamide + Hydroxydaunorubicin + Oncovin +
Prednisolone); R-Bendamustine

mu%"ﬂLm‘uajumﬂLﬁﬂ%?ﬂéﬁﬂméﬂm;inwi
wsndatns§nead W‘leﬁé/ﬂ'mﬁ CR nasl#izy
wlntn d1a1e593 IFRT vi38 EFRT 40 Gy lunsel
bulky disease azifil EFS uaz 08"

. v .
« NganafNAsrardunelszAulszansannig
(2 Gy x 2 AfY) Wavangiaelsntiinazilug wee

Fannanaidetiienniy UnenaasanefaEuns
NI nemefsdrrarduardinannainaAtouay
92021981989N195N 1 aeinalafinnu N9Fnminli
\in CR g304 50-60% WaztingzezinainEues

T9mle 1-2 T2 (Fam137991 1)

N133NW marginal zone lymphoma

* Extranodal marginal zone lymphoma
(mucosa-associated lymphoid tissue lymphoma;
MALT lymphoma) fnuansenisluszasi 1-2
NA130UINN9FNEILTRLAEAAY indolent lymphoma
ﬁluj Imannsena3ed IFRT 30 Gy Tuszeizi 1-2 vl



Intergroup ECOG E4402
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oF Rituximab o7
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0s 0.8
04 0.4
03 Observe os
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Months from randomisation Year

AN919% 1 : N195NEN indolent lymphoma fagnnranefadszasduie sz Aulsaaaannis (2 Gy x 2 AK)

France'? Dutch”® PMH® Boston®”
Number of patients 48 109 54 127
Indolent follicular lymphoma 67% 90% 52% 66%
Complete response 57% 61% 49% 57%
Partial response 24% 31% 32% 25%
1-year free from local progression 67% - 55% -
2-year free from local progression 56% - 50% 74%
Time to local progression - 25 months 19 months 14 months

CR a1 100% W4z 10-year OS 44iNaL 90% LAz
A o Y o fa  a Aa oA
wWalsanduludninazluifnausnuipnzasas
H ] . a a o A A o y
UNAINLALN wWARZIAANaTE9zaUYTaa el
AN (KiwAaNuN a1 lansa )@ (Fanigng
# 2) wananniuns et TR RNIAIRN e 593
Tulafdselond @ nsdlndusyazi 3-4
ATNANTUNENIIANE Rituximab $9uRULARTNTR 11
R-CVP; R-Chlorambucil; R-Bendamustine

Gastric MALT lymphoma 28199 1-2 AATLHNNT
§nm H. pylori faw WeLINN13inEAagenwniTe
TnelaifipeanafaAliing CR 4909 70-80% uaziie

Tepnduiflugnaeslinisinsfinfiudasnisans
Sadviteindiingga Gedenald 10-year O gufla
90%#"2 (ﬁ\‘iﬁl’]i"]\‘i‘?‘]‘ 3) WANATNTY NN9aN859R
Faud Gudusenisanaiadiiieseslsalyney
auasres s oAl uall A UL CR uat
cause-specific survival (CSS)®" daun19u#n total
gastrectomy Shslainusilsinugn fatunaenide
wuLgNaINEIngn wudngeisim total gastrectomy
TaifdszTaminiiandin1saiafad whole abdomen
30 Gy + boost 10 Gy uenanEunATlHATTNTR
CHOP 3 cycles + CVP 4 cycles 1#tlselamiwila

N91N19218159% 11fnw EFS waz OS asinaglvai
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A1579% 2 © N3N MALT lymphoma 98157 1-2 faennsanaisd IFRT 30 Gy

(24) (25)

PMH® Japan Japan
Number of patients 144 (RT), 23 (RT+Chemo) 22 30
Sites of disease all gastric orbital
Complete response 99% 100% 100%
5-year relapse-free rate 81, 82% 84% 96%
10-year relapse-free rate 74, 76% - -

(thyroid 95%, gastric 92%)

5-year overall survival 94, 95% 91% 100%
10-year overall survival 89, 87% - -

Relapse sites

« distant MALT: 65% - -

« contralateral MALT: 29%

IFRT = involved-field radiation

AN5199 3 N195NE7 Gastric MALT lymphoma s2812# 1-2 fiein1slsanainida H. pylori

(30) (31)

Japan® Italy German Switzerland®?
Number of patients 422 60 120 105
Complete response 7% 70% 80% 76%
Relapse 3% 21% 3% 10%
5-year overall survival 99% 95% 90% 92%
10-year overall survival 95% - - 83%

tiauntsfnenusnly gastric MALT®? wana
pasdaiudasaain SEER T gastric MALT szeidi
1 wudmsinmgiadeanisanafidasianmie
11 NHL snndrnslfiaditindi (HR 0.27) dau 08
Tadumnsineriu (HR 0.73)*”

a oy 2 2 d' A v 2
nealgltaannnleneunlen wTelsIuN ka9
. D e a . XX v 0
NN13NAR vresnTuiialilnge wadls free
_ I o \ o 4
margin meimmﬂﬂiammmmm@uj (528127 1-2)
anaazianTLEnsdaangle
+ Nodal marginal zone lymphoma XnuaAs
. - o o =
A7 hgzaEN 3-4 NANFau liN1FN =L LLLAYY
iU indolent lymphoma 32227 3-4 Aa §1 FLIPI AN
8199419539811 (wait and watch) @9wn9el

| L8033 91sASALNALSLASNYLE:L:5UINELUS:INATNg
4 on 19 avun 2 nsnnIAU-sSUIIAU 2556

FLIPI gavisadiannisannlsa Wansnu ek Rituximab
1178 Rituximab faufuLAiLtTe

 Splenic marginal zone lymphoma Hsaalsnm
Tufiw dnfisealsnlulanszgnionsog (32817 4)
FuiusunnsRaEelada HOV nesnEAe
indolent lymphoma sxe1# 3-4 AansAnREns s
wazBusneilationnns lnannsdading senande
a%a vizawndtnin
N133N11 small lymphocytic lymphoma UED)
chronic lymphocytic leukemia

Aa Tsataeniuusdl 2 siuuuas lymphoma form
way leukemia form (B-cell lulaam > 5,000 /mm°)
Asaiiulsadlazizess lnaBuainsantinmanals



£ al a c: £% & [~ =l c:
duln alulnatiusinas wazgavineAsinanlaans)
ad

+ N195n11 small lymphocytic lymphoma
#ANTULULRALLAL indolent lymphoma 8147

+ N195n®1 chronic lymphocytic leukemia
WA130U1m7N clinical staging kazan naagilas
sniduffilasanydennd 65 T fdu advanced
stage (Binet C) hazia1n1sanism AaslEnnssne
finel R-FC (Rituximab + Fludarabine + Cyclophos-
phamide) wadngazanguinndn 65 I wie X
comorbid 47| A5 kN5 NEAng R-Chlorambucil:

R-Bendamustine Ltnid

1331 diffuse large B-cell lymphoma
(DLBL) 328921 1-2

Large B-cell lymphoma Usznaumas
«  Follicular lymphoma, grade 3
- DLBL
*  Transformed DLBL
*  ALK-positive DLBL
+  EBV-positive DLBL
«  Primary mediastinal (thymic) B-cell
lymphoma
* Intravascular large B-cell lymphoma
« T-cell/histiocytic-rich large B-cell

lymphoma

- M9 1UALANLIN1IRA R-CHOP 3-4 cycles $auiLl
218593 IFRT 30-50 Gy luafmnnsenafediieasing
{Beal& CR80% uaz EFS/OS 30-40% dalsasinngl
[T FnauLen It AN IS

nslafitnTaiisiinteuanesi@nid CR ge
F14 90% uaz EFS/OS geuila 60-80% uanann
dumslsf Rituximab isiAinaniATsTngmen
dia PFS uaz 0S lésludlunjuazdgeany ™

v
o o

(Famn37971 4) muu@;mmﬁﬁﬁﬁmmmgm’mﬁ%;ﬁu
A8 R-CHOP

AT SNRINNLIANU AL ARINTARZ AN PFS
way 0S 18 Inenuadnamesldlannaunsatingle
AINIIUIRE SWOG 8736 Lay ECOG 14841°%%%7
WFANN9UIAY GELA LNH 93-4 slur;izg\imﬂq WUIINNG

v a a a o douVLnd o <(38)
RIUFANNLANTAL AN T AN N s am

o ~ o 2 a Y Ao o o

(A9AN3197 5) AgtiuaranagTeun AN ALNe S
1 = N

agamealugaeuneme

Tunsene5a@iisaatinamen aNSaanNg
W09 40 Gy azpauAnlInligen waznsliiunn

2D

Faanunndnuliidse ol wazidndoulsai

PoRaied 20% wldnarlifidgavinlafan
Tunsenafeduaaaniingm 15unused 30-40

Gy Wizanasasaelsal CR LAY 40-50 Gy Wieane

siasaelsnd PR (fam13199 6)

- M5 LLANLINTA R-CHOP 6-8 cycles % IFRT
ffansunenesedluseiil bulky disease,
extranodal disease, residual disease @15Us88
TsainasaaLATitiTAaad el B nsaans
45-55 Gy

N33 diffuse large B-cell lymphoma 38z
i 3-4

« N5 LALANLNTA RCHOP 6-8 cycles + IFRT
iasannlsaguuse infithiisdediununmudnlunis
$n Tneignansauiia 08 18 Sn1eimingmsenied]
ttiefuszer Wy 9UdaaIn SWOG/ECOG
g CHOP Msfuannsinenlaisneannenawan 3 gas
LLﬁiﬁma%’WQLﬁﬂqﬁ@ﬂﬁzﬁm(““’ 91U NHL B2 Wy
411513 CHOP 9n 2 danf (CHOP-14) lakamnd
CHOP n 3 &Ua19 Tud1u CR, EFS, OS uazuadng
Felaisinefi weideld Rituximab saudagan
9114348 GELA LNH03-6B Wud1 R-CHOP-14 léua
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AN9197 4 : N195NE diffuse large B-cell lymphoma #aens L Rituximab sanfiuanaiingm

MInT®? GELA LNH 98.5%
Number of patients 823 399
Stage 1-4 2-4
Age <60 years, aalPl 0-1 > 60 years
Arm 1 R-CHOP-like 6¢ R-CHOP 8¢
Arm 2 CHOP-like 6¢ CHOP 8c
Radiation IFRT 30-40 Gy (if X, E) -

Progression-free survival
Overall survival

Fatal side effects

80, 64% (Sig)
90, 80% (Sig)

Similar

37, 20% (Sig)
44, 28% (Sig)

Similar

aalPl = age-adjusted international prognostic index; ¢ = cycles; CHOP = Cyclophosphamide + Hydroxydaunorubicin (Adriamycin) + Oncovin

(Vincristine) + Prednisolone; R-CHOP = Rituximab + CHOP; IFRT = involved-field radiation; X = bulky disease; E = extranodal disease

AN5199 5 N195nE diffuse large B-cell lymphoma sxa1gd 1-2 faansans fadnianaaniitinga

SWOG 8736

ECOG 1484%" GELA LNH 93-4%®

Number of patients 401

Arm 1 CHOP 3c + IFRT
Radiation dose 40-55 Gy

Arm 2 CHOP 8c

Complete response 75, 73%

Progression-free survival 77, 64% (Sig)

Overall survival 82, 72% (Sig)

Fatal side effects Better (NS)

172 (CR) 576 (elderly)

CHOP 8c + IFRT CHOP 4c + IFRT

30 Gy 36-44 Gy
CHOP 8c CHOP 4c
100, 100% 91, 89%
73, 56% (Sig) 61, 64%
82, 71% 68, 72%
Similar Similar

CR = complete response; ¢ = cycles, IFRT = involved-field radiation; CHOP = Cyclophosphamide + Hydroxydaunorubicin (Adriamycin) + Oncovin

(Vincristine) + Prednisolone

laipingann R-CHOP* dartiugmsiaRitintinunsg
uilaqii fig R-CHOP

ANIARSENLIINTane fAnaeitTRa s
Usgland nedifeuaunnlunjiewanasedlusuLe,
PFS, OS“* (fam15197 7) wenaneius faly sy lemd

11n30l extranodal disease, residual disease

i L8033 91sASALNALSLASNYLE:L:5UINELUS:INATNg
48 |7 19 auur 2 NSNNIAU-SUIIAU 2556

N133n®1 mantle cell lymphoma

\lulsangu aggressive NHL azfinnsaniiiulsn
FINATIULI LLﬁiLLﬂﬂdﬁﬁﬁﬂéu“ﬂuij W31zdNIg
Fnenlllavinldlsrmeann wazilantalsanduiiuy
dnlfigaduianaiiys indolent NHL Ransannsinm
71N Mantle cell ymphoma international prognostic

index (MIPI) fa%d



AN9197 6 ¢ UTunouFedlunisinen diffuse large B-cell lymphoma s2a159 1-2 Ananaaaiiingm

Low-dose radiation

High-dose radiation

MDACC*"
ECOG 1484“"
Dutch®?

Florida“*®

<3.5cm: 30-40 Gy >3.5¢cm: 40-50 Gy
CR: 30 Gy PR: 40 Gy
CR: 26 Gy PR: 40 Gy
<6 cm and CR: 30 Gy >6 cm or PR: 40-45 Gy

CR = complete response; PR = partial response

AN9197 7 : NM95NE diffuse large B-cell lymphoma 32827 3-4 Aagnisanefaanianaaaiitinga

o

(49)

MDACC*" Milan“® Mexico
Number of patients 59 94 (=6 cm':>CR) 341 (=10 cm':>CR)
Arm 1 Chemo + RT Chemo + RT Chemo + RT
Radiation dose 30-50 Gy 30-46 Gy 36-44 Gy
Radiation sites all lesions 26cm =210cm
Arm 2 Chemo Chemo Chemo

5-year local control

Time to progression

5-year progression-free survival

5-year overall survival

89, 52% (Sig)

85, 51% (Sig)

87,81%

41,18 mo (Sig)

66, 46% (Sig)

82, 55% (Sig)
87, 66% (Sig)

CR = complete response

« n2gd MIPI A1 T¥naefneEuuy indolent

lymphoma %w]

- N3l MIPI g l9innsfnmsog Rituximab 94

Auadiinin 1w R-CHOP vi3a gaseniafitintiand
high-dose Cytarabine 936928 (R-CHOP/R-DHAP
138 R-HyperCVD/R-MA) udamusag Rituximab

. =
maintenance 172 upfront autologous stem cell
¥

transplant #1193 AeraazdunuInuIntu

lueu1Am Aa Bortezomib (proteasome inhibitor),

Ibrutinib (BTK inhibitor)

133081 Peripheral (mature) T-cell lymphoma

Peripheral (mature) T-cell lymphoma

1sznavumae

* Anaplastic large cell lymphoma,

ALK+

* Anaplastic large cell ymphoma, ALK-

*  Angioimmunoblastic T-cell ymphoma

+ Enteropathy-associated T-cell

lymphoma

« Peripheral T-cell lymphoma,

unspecified

n1sfnE T uIRaa iU aggressive B-cell

lymphoma welalld Rituximab wsnzan T-cell Talfl
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CD20 fifnimadsaitu B-cell agndlsfinnu CHOP 8
cycles TN PFS ilei 30-40% Winth Asuazsin
19l9ignaidanneengu i CHOEP (Cyclophos-
phamide + Hydroxydaunorubicin + Oncovin +
Etoposide + Prednisone) 138 EPOCH (Etoposide
+ Prednisolone + Oncovin + Cyclophosphamide
+ Hydroxydaunorubicin LAIRNALE upfront stem
cell transplant wanaN LU NN A n w1
Alemtuzumab (anti-CD52), Brentuximab vedotin
(anti-CD30), Romidepsin (HDAC inhibitor) §axl]
il induction chemotherapy Fanudninltiuanns
SnEnTipa uAgdessan1stugiian phase Il study
Tuaupn

11330181 NK/T-cell lymphoma

« Nasal NK/T-cell ymphoma ﬁﬁﬂﬂmxﬁﬁ;um\‘i
n91 peripheral T-cell lymphoma %Iuj ﬁ\‘l‘ﬁ

. fnsianoitefleuazedinzdnade
WUl wazinseslsagnatunszgnuas
Raniednaifesazsinld CR i

- mevauesiseniitnge wiRaUAuRaE
Fannsant3ed dstinisnudesBududne
NN9R18I59% (upfront radiation) %Qﬁi%‘i@’m
aggressive NHL ?ﬂluj

. wu‘lﬁmnﬁuLﬂu%ﬁu?‘mmﬁtﬁﬂﬁgq v
HasaneSedsaen Funnsaiigand 50-54
Gy(50-52)%<1@<md’1 aggressive NHL ?ﬂlu"]

. ananulsanszanladuasiug vidandy
dudnlége Tunsaliduiudesinendag
it luauegs Wy VIPD (VP-16 +
I[fosfamide + Platinum-based + Dexa-
methasone), DeVIC (Dexamethasone +
VP-16 + Ifosfamide + Carboplatin), SMILE
(Steroid + Methotrexate + Ifosfamide +
L-asparaginase + Etoposide), AspaMetDex

f L8033 91sASALNALSLASNYLE:L:5UINELUS:INATNg
5 on 19 avun 2 nsnnIAU-sSUIIAU 2556

(L-asparaginase + Methotrexate + Dexa-

mathasone)

« Upfront radiation Usznaulilaqs
o A = ~
o pnrRnasaRadinamen Tuszasi 1 uay
v o Ay = o
TdfAn sz laifa szaadsinge
o a % v a o o
o NIRNESRKRAMINALARINTA
o pasenuseAnFanduaiiingg VIPD
%38 DeVIC®™ Fasin1 CR, PFS,
0S 44

« Extranasal NK/T-cell ymphoma ﬁﬂwuﬁzﬁ'ﬂﬁ
Aouia foumey axfldnwauslaifelsasdunnndd
nasal NK/T-cell lymphoma ds#al OS fnndn way
manefidarldilslamies uilaanguiiudidnas
Fhuszesi 1-2 Ana® mssnenwdnifuaiiinge
usishudedldgnanaihinaluaunegefifl L-aspar-
aginase Way methotrexate Ludautlsenay wdu
SMILE %38 AspaMetDex

N3IINBN lymphoblastic lymphoma / leukemia

Ao TapiAgauuei 2 guuuAe lymphoma form
LAy leukemia form (blast cells Iuhm??;@ﬂ >20%)
+  Lymphoblastic lymphoma wutia T-cell
NINNI1 B-cell TNULaAIRINITAQE
mediastinal mass kae pleural effusion
«  Acute lymphoblastic leukemia Wugia
B-cell 11nn31 B-cell

n1FnEELAEATY Acute lymphoblastic
leukemia Fatunnsaneisdasiumumnsdl
*  Prophylactic cranial irradiation PAIATN
complete remission
+  Total body irradiation Aaun1sgnae
lanszgn



133081 Burkitt's lymphoma / leukemia
A a o 1= A
A2 leALmeariuLAd 2 31uuuAa lymphoma form
Way leukemia form (blast cells eLlﬂ"ﬂﬂiZ@ﬂ >20%)
Waannialofa EBV wuldiinaulugilqeh

a vy

QHANAUAN 1Y Balme HIV yunnaRsuniu

wasangnoneedeny weinwuludiaanigiduiu
Unmnle

nsfneuanilunisldaeitninluauings
1 Hyper-CVAD/MA, CODOX-M/IVAC ugigilagid
‘E@mmﬂﬁmﬂu%ﬂr}’qu Tuszaendanudanagld
Rituximab faxldiuenaiiiintnsenann anavinli
DFS 1

1133011 HIV-related lymphoma

Lﬁmmﬂgﬁﬁmmuﬁw denalsl B-cell A
T3 EBV 1# afinuzSefisnnunion 1éun Burkitt's
lymphoma, diffuse large B-cell lymphoma, primary
effusion lymphoma, plasmablastic lymphoma $n1#1
sneadtnTnesetnunen usddusesldgnand
tintfafidudeidn Ae DAEPOCH # Rituximab (n36}
CD20+ way CD4 > 100) $aufu highly active
antiretroviral therapy bas CNS prophylaxis

yanannil S Primary CNS lymphoma §n1#1
el High-dose methotrexate $aufiLl high-dose
Ara-C i34 ifosfamide v3ald cranial radiation
therapy agapeaLilu palliative treatment

n33negean NHL

nealiulsminaziia Wi extranodal disease N19N
svanglianes/ladunas wazlansygnlstes dnay
WU highly aggressive NHL WLa¥ aggressive NHL

o

N

Zhe

* Burkitt's lymphoma: 40%
» Lymphoblastic lymphoma: 30%
« Diffuse large B-cell ymphoma: 20%

» Anaplastic large cell lymphoma: 10%

n17utieszazleald St. Jude staging system 4
F19a1N Ann Arbor staging system il
T R
. i“é:?;l&?ll 2: LV‘QIIN
completely resected
gastrointestinal disease
. i“é:?;l&?ll 3: LV‘QIIN
extensive unresectable
intra-abdominal disease,
mediastinal / pleural / thymic disease,
paraspinal / epidural disease
Cszpefi 4 wileuu
fnenpqeialindauuy acute
lymphoblastic leukemia g2un19anel
5adldiietszAusyrnaennis

N133N®1 Primary cutaneous lymphoma
w5 N LA UT IR nTeasiinns
wennsnflznsnduzieiau Tndlituiuiagad
fnazundansaslsaleniziionids uazazinig
adlulsadiuazlinnsfnenduiRaa iy indolent
lymphoma Nl primary cutaneous DLBL ﬁ’m%
fdnssnifiulsaquuss TspuzSeseninivaes o
Ronilsdsznausdae
*  B-cell ymphoma
*  Primary cutaneous DLBL, leg type N
\wien iU DLBL 718147 (R-CHOP # IFRT)
« Primary cutaneous follicle center
lymphoma
* Primary cutaneous marginal zone
lymphoma
*  T-cell ymphoma
*  Primary cutaneous anaplastic large cell
lymphoma

*  Mycosis fungoides
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N1SSNU
Hodgkin /ympho ge

UNHUNNERAUNIA 91818190

A9 uazuzNImen
MAdT3adanen lrawgniaqiaainsal

Aihauae HL

1. Classical Hodgkin lymphoma (CHL) Wl Reed-Sternberg cell laz CD15+, CD30+ Usznavsag

* Nodular sclerosis : W‘]_m’mﬁzgm
* Mixed-cellularity

* Lymphocyte-rich

« Lymphocyte-depleted : nsnennsnilsaueingn

2. Nodular lymphocyte predominant Hodgkin lymphoma (NLPHL) Wi Lymphocytic histiocytic cells

Anmnuzmilean popcorn WAy CD15-, CD30- Wi CD20+ (LisAeafiu B-cell non-Hodgkin lymphoma) szisa

giptiarinduarinianennsnllsaniign ananudds GHSG HD4-12 Tuffluny uway CCG 5942 luian wudn

NLPHL azfiffadendeesing teendn CHL wazialinisinufamiiindnuasfdinwuduneeiy azl

complete response (CR), event-free survival (EFS) Waz overall survival (OS) ﬁ@qm"]“'” (FamN9197 1)

gastadiinga

ABVD = Adriamycin + Bleomycin + Vinblastine
+ Dacarbazine

MOPP = Mechlorethamine + Oncovin
(Vincristine) + Procarbazine + Prednisolone
COPP = Cyclophosphamide + Oncovin
(Vincristine) + Procarbazine + Prednisolone
BEACOPP = Bleomycin + Etoposide +
Adriamycin + Cyclophosphamide + Oncovin
(Vincristine) + Procarbazine + Prednisolone
Stanford V (MOP-ABVE) = Mechlorethamine
+ Oncovin (Vincristine) + Prednisolone +
Adriamycin + Bleomycin + Vinblastine +

Etoposide

Turlszinalnafanliasu i1l procarbazine

1138 mechlorethamine \{lusiv 111155 ABVD 1{lu
a dl % ¥ v

’43.[51TLG]EQW@WNW?QIMH’]VLG]FWUQQHE]NIEHQJLLN‘W‘I

masnlennfign dudugmnsensuandldly

7 <

BlaelLAn

ABVE = Adriamycin + Bleomycin + Vincristine

+ Etoposide

ABVE-PC = Adriamycin + Bleomycin +

Vincristine + Etoposide + Prednisolone +

Cyclophosphamide

» MIED = Methotrexate + Ifosfamide + Etoposide

+ Dexamathasone
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A919f 1 anwnuzaes NLPHL ulaufiauiy CHL

Adult (GHSG HD4-12")

Pediatric (CCG 5942)

NLPHL CHL NLPHL CHL
Stage 1-4 1-4 1-4 1-4
Number of patients 394 7,904 82 744
Low risk group 63% 22% 81% 30%

* No B symptoms 91% 60% 98% 72%

» No bulky disease 69% 45% 93% 83%

* <2 sites 72% 45% - -

» No ESR elevation 96% 55% - -

» No extranodal disease 94% 86% - -
Complete response 88% 82% 81% 30%
Event-free survival 88% 82% 81% 30%
Overall survival 96% 92% 81% 30%

NLPHL = nodular lymphocyte predominant Hodgkin lymphoma; CHL = classical Hodgkin lymphoma

KANNII3NB¥1 HL

- Risk-adapted treatment ifunns5nunlagiiia
é’ﬂfm@‘ﬂﬂLﬂuﬂ@:NﬂQﬂmL?ﬁlﬂ\iﬁi’W\ij deazldlinng
Fnenfinzan na1ade aneaududuaains
snenlunguannudseailevaniaauadnaies
sztzenafienaiin uasiiuanududuresnisinm
“luﬂzjummLﬁﬂqﬂﬂuﬂ@ﬁqﬁqqqLﬁmﬁm@ﬁwﬁmm
YErite Tmmmqmjmfmu@'m%’ﬁqﬁ

LR

« Favorable stage 1-2 (no bulky, no B
symptoms, ESR < 50, sites < 3)

* Unfavorable stage 1-2

+ Stage 34

* NLPHL, favorable stage 1-2

«  Low risk: stage 1-2 (no bullky, no B
symptoms)

* Intermediate risk: other stages

« Highrisk: stage 3B .oz 4B

+  NLPHL
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» Response-adapted treatment dunnsfnen
Tneed PET scan Binsziidngihesalainissey
ausatnemnSauduaiiindaiies 2-3 sau i
fulhanguilaziinanssniisanludnu EFS uaz
0s fariuenaazanpaudinduresnisinma
éﬂqaLﬁﬂmjummL?ﬁlmé’ﬁﬁﬁmimumummjw
saaianaaaiitings 2 sau azliiadtinnsaaunsy
4 38U winlufesana i douanddeluglugds
agluszernnaaslazinazving”

n33nKilanga favorable stage 1-2

Lﬁfaqmnimn@uﬁﬁﬁmﬁmﬁ@m%’im@‘a WAZNNT
SnwnsdilsanduifludnAssAnanm sudse
flaqiiuaadulilusuanarududulunisinm
eanHatnaAeIaInnenE fiil

« anpfsResaion lunadifiguaglianunsn
Fuedininls Tnaiansnnanessd subtotal nodal
irradiation (STNI) L‘f‘immﬂwu occult disease Zgﬂﬁx‘i
20% lunseifilaldsuaiitnge Punnfdnnuiu
auila 40 Gy azanunsnpauANlsaldunTLY



11398 GHSH HD4 Wudn1sanefaaLTiang
819azi occult disease AEUTNNLTEA 30 Gy ALien
waLguwin 40 Gy

911348 NCIC HD6 wudnnnsanessd STNI 35
Gy atafen Tnaldunnsrsainiafitinga ABVD
4-6 cycles AU EFS waz 0S®

. inftintinetnadies lunsdiilidesnisens
597 usif FaainiatiinTaulu ABVD 4-6 cycles Wil
91 progression-free survival (PFS) Zﬂx‘iﬁﬂ 92% UaY
TusefinguiflignAsunsinendaenaitintindaui
anefduaznisdgnanglanszgn daua’lsl overall
survival 100%"

. RtdafanAueefed azldnanndinns
fnusaeRinenlusu EFS Tneldinltntnanas
Wide 2-6 cycles®"” (Fam19197 2) wariBuNnsa
ARALLUAR 20-30 Gy* ™ (F9m9197 3)

U348 GHSG HD10 WudLARiingTa ABVD 2
9138 4 cycles THualdunnsnariu waz IFRT 20 38
30 Gy Aldualuumnsnaiuluaiu freedom from
treatment failure (FFTF) kaz OS %QQﬁuﬁﬁﬂﬁagﬂdﬁ

il favorable stage 1-2 wizinlifld ABVD 2
cycles $auriU IFRT 20 Gy

UIAY GHSG HD13 fiaenisanuadnaiAssann
g iARtIA WAWLANsALie Dacarbazine ANGAT
21 ABVD danalsf CR uaz EFS utias daunisaziia
Bleomycin £48¢j3T1IWNN1IMARBILATIATITYEA

ms%‘nmé‘ﬂmnaju unfavorable stage 1-2

QI o & o L 1 '29“/91
WnnadnsaaIn1sinE ludiloanguildaanig
QI o al o o = ldl al o o [
WinANUausaLaaaattintmvzell asuaitntmy
4% X
ARINULITU Al
Ao o , P Ay
« witinTeesnafss Tunsainludesnisans
593 AaL191143498 NCIC HD6 Wu9n19218159% STNI
35 Gy wAaATINITA ABVD 4-6 cycles azALIAN
TN AR AN OS keindIn135nHIsae
Ao o o \ = p Iy P
WARTNT AN ENasNaAET Ha9annUadaLAseTEeY
gn9annsinedon STNI Belaidunnmsgiulu
1laqiiu®
al o o 1 o o a v = U
- witnTafanAueefed azlananndnnng
S faedsLaen AU Meta-analysis $91I39xda3A
AN 13 1u3de Tudilee 1,688 AU wudNgliAR

AN519% 2 IARTNTRaNALNIRe5A WsuWsuiuanaiadiienatnamag Tungw favorable stage 1-2

EORTC H7-F® EORTC H8-F? GHSG HD7"? SWOG $9133™
Number of patients 333 542 650 348
Arm 1 CT+IFRT CT+IFRT CT+EFRT CT+STNI
Arm 2 STNI STNI EFRT STNI
Chemotherapy EBVP 6¢c MOPP-ABV 3c ABVD 2c AV 3c
Radiation (Gy) 36-40 36-40 30-40 36-40

Event-free survival 88, 78% (Sig)

Overall survival 92, 92%

98, 74% (Sig)
97, 92% (Sig)

88, 67% (Sig) 94, 81% (Sig)

94, 92% NS

CT = chemotherapy; ¢ = cycles; IFRT = involved-field radiation; EFRT = extended-field radiation; STNI = subtotal nodal irradiation; EBVP =

Epirubicin + Bleomycin + Vinblastine + Prednisolone; MOPP-ABV = Mechlorethamine + Oncovin + Procarbazine + Prednisolone + Adriamycin +

Bleomycin + Vinblastine; ABVD = Adriamycin + Bleomycin + Vinblastine + Dacarbazine; AV = Adriamycin + Vinblastine
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AN519% 3 : ARLNTRFaNAUNIRNeEA WinumeuiuaitinTaiNeatinaumen lungu favorable stage 1-2

EORTC Hg-F"? EORTC H10-F™ RAPID™
Number of patients 783 381 (iPET-) 420 (iPET-)
Arm 1 CT 6¢ + IFRT 36 Gy CT3c +INRT30Gy  CT3c+IFRT
Arm 2 CT 6¢ + IFRT 20 Gy CT 4c CT 3c
Arm 3 CT 6c - -
Chemotherapy EBVP ABVD ABVD
Event-free survival 87,84, 70% (Sig) 100, 95% (Sig) 94, 91%
Overall survival 98, 98, 98% - 97, 99%

iPET- = Negative interim PET scan; CT = chemotherapy; ¢ = cycles; IFRT = involved-field radiation; INRT = involved-node radiation; EBVP =

Epirubicin + Bleomycin + Vinblastine + Prednisolone; ABVD = Adriamycin + Bleomycin + Vinblastine + Dacarbazine

tntiadaniunseneied avansnsnnsuanlsnne
Sy oo o o \ S 7
nlaandanisataivdiiases19aea"” uay
Meta-analysis 39U393403/aa1n 5 9114398 Tugilae
1,245 AW wudn1seeie@saniunisliaiitniie
azansnAuANlsalanziuaziin OS 1imandn
nsliiafitnniiesasnamen®

NUIEEAIN EORTC ANIWBIUWIERINIIENEN
usrer gresnmsguilaqiiuagiiflugns ABVD 4
cycles fNAU IFRT 30 Gy(8-9, 12-13) (A4m19197 4)

411998 GHSG HD11 W91 baseline BEACOPP
4 cycles ldfselamiiniiandn ABVD 4 cycles WAz
IFRT 30 Gy lafldszlamivilandn IFRT 20 Gy ws
fnl¥igms ABVD 4 cycles azfiassaniu IFRT 30 Gy
m'ﬁﬁu(m) 4113498 GHSG HD14 @31U314m3
escalated BEACOPP 2 cycles + ABVD 2 cycles
faufiU IFRT 30 Gy 71 freedom from treatment
failure (FFTF) A3 ust OS Taldnaifi Lﬁ@LﬁﬂUﬁUQMi

NRFF1Y
49

N133n¥ATENAA stage 3-4

Winnadnsaeanisinun lugisanguilsaanis
¢§I 3 a o o A ‘ﬂl a o o @
WnAwIusaLreanRttnvireaswaitn ey
R
ARINUINTU ATl
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- piltiTnetnaiien luaRafiBunisinem
glasidng alkylating agent Wud1 5-year OS fnnan
10% FANIHNIIRMUIGATEITINNANLTLA 111
MOPP, COPP, ABVD %inl# 5-year OS 4041 80%
uazilaqiii escalated BEACOPP %14 5-year OS
44n91 90%

NUIREFING] NUFIgATEN ABVD AN MOPP,
COPP at19fidad Aty daugnsen escalated
BEACOPP Aind ABVD adnslafidadAty uilua
fhaifegandn fadugasan meguiiaqiiu Aa ABVD
6-8 cycles virafiansaunlif escalated BEACOPP 4
cycles A1NAEY BEACOPP 4 cycles Gluﬁ‘ﬁf;l‘ﬁll,ﬂu
high risk (IPS > 3)@"¥ (ﬁqmmﬁl 5)

9714398197 GHSG WU escalated BEACOPP 8
cycles
«  An91 baseline BEACOPP 8 cycles WAz
COPP/ABVD 8 cyles Aa1n4NURA8 GHSG
HD9 *¥
« WU escalated BEACOPP 4 cycles +
baseline 4 cycles Aa1N9 MUY GHSG
HD12 *
+ Weinq1 escalated BEACOPP 6 cycles a1n
41UAR8 GHSG HD15 ¥



A15197 4 - 4n9N135N11 ABVD 4 cycles $auiL IFRT 30 Gy lungw unfavorable stage 1-2

EORTC H7-U® EORTC Hg-U® EORTC H9-U" EORTC H10-U"®
Number of patients 389 996 808 519
Arm 1 MOPP-ABV 6¢ MOPP-ABV 6¢ ABVD 6¢ ABVD 4c
Arm 2 EBVP 6¢ MOPP-ABV 4c ABVD 4c ABVD 6¢
Arm 3 - - BEACOPP 4c -
Radiation (Gy) IFRT 36-40 IFRT 36-40 IFRT 30 INRT 30
Event-free survival 88, 68% (Sig) 84, 88% 94, 89, 91% 97, 95% (Sig)
Overall survival 88, 78% (Sig) 88, 85% 96, 95, 93% -

¢ = cycles; IFRT = involved-field radiation; INRT = involved-node radiation; EBVP = Epirubicin + Bleomycin + Vinblastine + Prednisolone;

MOPP-ABV = Mechlorethamine + Oncovin + Procarbazine + Prednisolone + Adriamycin + Bleomycin + Vinblastine; ABVD = Adriamycin +

Bleomycin + Vinblastine + Dacarbazine; BEACOPP = Bleomycin + Etoposide + Adriamycin + Cyclophosphamide + Oncovin + Procarbazine +

Prednisolone

AsR 51 gmn1ainmn ABVD 6-8 cycles lung stage 3-4

CALGB 8251%" ITALIAN®? EORTC 20012%Y
Number of patients 361 331 549
Arm 1 ABVD 6-8c ABVD 6-8c ABVD 8c
Arm 2 MOPP-ABVD 12c BEACOPP esc4+4c BEACOPP esc4+4c
Arm 3 MOPP 6-8c - -
Event-free survival 61, 65, 50% (Sig) 71, 78% 64, 69%
QOverall survival 73, 75, 66% (Sig) 84, 89% 87, 90%

¢ = cycles; ABVD = Adriamycin + Bleomycin + Vinblastine + Dacarbazine; MOPP-ABVD = Mechlorethamine + Oncovin + Procarbazine +

Prednisolone alternating with Adriamycin + Bleomycin + Vinblastine + Dacarbazine; BEACOPP esc4+4 = Bleomycin + Etoposide + Adriamycin +

Cyclophosphamide + Oncovin + Procarbazine + Prednisolone (escalated 4 cycles + baseline 4 cycles)

o pRtiNTRfaNFTuenssed Uslamiaaannsg

o o o X o , Ao o o 1
anafadlufiloanguildeliidundaiaudn dadu
Meta-analysis 3915984838910 14 911398 Tugtlae
1,740 AW NUINTLEARLINTASINAUNFR1 8159

AN vl Y Ao o

azgnnnsnauAnlsalnnlaandnisliaditinig
P , o = , , ° ' o
WNENBENGLAEINTN 11% WANLGY OS ANN9IA195nE
FENITANANUIUIALLARLNTADY 8% Liiaganka
F9LALNTLEIZENIANNNNTRI ISR

lunstinsaslsafawnalvnjiaunnsine vied
sealsamanagudsliaiiingg nisanefadazdas
Wi EFS uay OS 1§

N334 2na8 NLPHL, favorable stage 1-2

A , Ao aa
\Wasanlsanguilildnanissantings uazns
SnunsailsanauiiludiAnlse@nsnin n135ne
o =K v v Y v % di
panastulllusuanaududulunigdne e
AANATILALNAINNITINTN A9T)
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« 1839A0819REq 4UAITLAIN GHSG (HD4,
HD7, HD10, LPHL 1A) wudnnnsanesed IFRT 30
Gy l¥ualupneann EFRT 20-40 Gy Laz ABVD 2-4
cycles + IFRT/EFRT 20-40 Gy®™” 41143481210 Boston
WUINN7RY5A IFRT 36 Gy Minalaisingann EFRT
38 Gy ﬁ\ﬁﬁumﬁm:mmmgm‘luﬁﬂwmjmﬁﬁ@
n17918593 IFRT 30-36 Gy

9MU348AN British Columbia Wud1n1s AT
1i117m ABVD 4 cycles W ABVD 2 cycles + IFRT/
EFRT flousil] art. 1993 fuguan Winaininnisens
598 EFRT 99T AA.1966-1993 Tufi1u PFS uaz
os® Lwimuﬁﬁﬂﬁgn’iquﬁmmﬁﬂLﬂummﬁﬂu
WaunisineAuazda9aan %mﬂmmjmﬁﬁ%’fﬂ
T9A nsutiszezlsn waznisimungnaninisinem
Tanruuansinerio

a

gasiafitinda Stanford V (§m3ug lnal)

Lﬂu@;mmwmz%u 8-12 dpn9f iileaniunny
Mechlorethamine, Adriamycin, Bleomycin Tsitias
a9 wazanefaanelu 2 dlavivaaliiafitnTaada
du Genudndl PFS waz 0S figendn 90% laadl
LUMNINTINEN Fid

*  Non-bulky stage 1-2 : Stanford V 8 weeks
+ IFRT 30 Gy™?
Stanford V 8 weeks + INRT 20 Gy (¢l
uaaw)®

*  Others : Stanford V 12 weeks * IFRT 36
Gy (bulky = 5 cm, macroscopic

splenic disease)™®

93498 UK NCRI 1lay ECOG E2496 naand
witintTagas Stanford V 12 weeks L3eiuiieuiy
4m3 ABVD 6-8 cycles lunnainmgtaangs bulky
stage 1-2 WA stage 3-4 wudn linanisineladumn

397 qupueeNuAAE ltalian

I uluA1U PFS way OS!
HD9601 W41 Stanford V 12 weeks THHaN193N11
&1 PFS #innd1 ABVD 6-8 cycles®™ (vﬁ”\immq‘ﬁ' 6)
%wuﬁﬁﬂﬁgnﬁwwnﬁmmﬁmiﬁﬂﬁﬁﬁmwﬁn
1Neugin13an8598 e Stanford protocol ﬁx‘i“ﬁ

+ lanedAiseseneidiniu 2 qn

o ldanefa@dnaunndnndn 6 .

. Ll fuderdufiaydesans i@ ngg

. BuengSsAndaniiingg 4-6 ddlan

A9 6 : 4RIN133N1 Stanford V 1Beuiieufiu ABVD 6-8 cycles Tunga bulky stage 1-2 Lag stage 3-4

UK NCRI®® ECOG C2496®” ITALIAN HD9601%"
Number of patients 520 812 334
Arm 1 Stanford V 12 wk Stanford V 12 wk Stanford V 12 wk
Arm 2 ABVD 6-8c ABVD 6-8c ABVD 6-8c
Arm 3 - - MOPP-EBV-CAD 6¢
Progression-free survival 74, 76% 71, 74% 49, 75, 74% (Sig)
Stanford V (RT vs no RT) - - 49 (76, 33%)
Overall survival 92, 90% 88, 88% 89, 87, 80%

¢ = cycles; Stanford V (MOP-ABVE) = Mechlorethamine + Oncovin + Prednisolone + Adriamycin + Bleomycin + Vinblastine + Etoposide; ABVD =

Adriamycin + Bleomycin + Vinblastine + Dacarbazine; MOPP-EBV-CAD = Mechlorethamine + Oncovin + Procarbazine + Prednisolone + Epirubicin

+ Bleomycin + Vinblastine + Lomustine + Adriamycin + Vindesine
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Thai-POG Hodgkin lymphoma protocol 1sidi
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BN5799 7 : Risk-adapted treatment Tugtlaeigin

Risk group Chemotherapy Radiation dose = Boost to
Stanford(39) low VAMP 4c IFRT 15 Gy 25.5 Gy
POG 9226(40) low ABVE 4c IFRT 25.5 Gy -
SFOP 82(41) low ABVD/MOPP or ABVD 4c IFRT 20 Gy 40 Gy
int, high ABVD/MOPP 6¢ EFRT 20 Gy 40 Gy
DAL HD90(42) low O(P/E)PA 2c rlFRT 25 Gy 30-35 Gy
int O(P/E)PA 2c + COPP 2c rIFRT 25 Gy 30-35 Gy
high O(P/E)PA 2c + COPP 4c rIFRT 20 Gy 30-35 Gy
GPOH HD95(43) low O(P/E)PA 2c rIFRT 20 Gy 30-35 Gy
int O(P/E)PA 2c + COPP 2c rIFRT 20 Gy 30-35 Gy
high O(P/E)PA 2c + COPP 4c rIFRT 20 Gy 30-35 Gy
GPOH HD2002(44) low O(P/E)PA 2¢ rIFRT 19.8 Gy 30-35 Gy
int O(P/E)PA 2c + COP(P/D) 2c rIFRT 19.8 Gy 30-35 Gy
high O(P/E)PA 2c + COP(P/D) 4c rIFRT 19.8 Gy 30-35 Gy
CCG 5942(45) low COPP-ABV 4c IFRT 21 Gy 35 Gy
int COPP-ABV 6¢ IFRT 21 Gy 35 Gy
high cycle A/B/C 6¢ IFRT 21 Gy 35 Gy

¢ = cycles; IFRT = involved-field radiation; rIFRT = reduced IFRT; EFRT = extended-field radiation; VAMP = Vinblastine + Adriamycin +

Methotrexate + Prednisolone; ABVE = Adriamycin + Bleomycin + Vincristine + Etoposide; ABVD-MOPP = Adriamycin + Bleomycin + Vinblastine +

Dacarbazine alternating with Mechlorethamine + Oncovin + Procarbazine + Prednisolone; ABVD = Adriamycin + Bleomycin + Vinblastine +

Dacarbazine; O(P/E)PA = Oncovin + Prednisolone + Procarbazine (female) or Etoposide (male) + Prednisolone + Adriamycin; COPP =

Cyclophosphamide + Oncovin + Prednisolone + Procarbazine; COP(P/D) = Cyclophosphamide + Oncovin + Prednisolone + Procarbazine (female)
or Dacarbazine (male); COPP-ABV = Cyclophosphamide + Oncovin + Prednisolone + Procarbazine + Adriamycin + Bleomycin + Vinblastine; cycle

A/B/C = Cytarabine + Etoposide alternating with COPP-ABV alternating with Methylprednisolone + Adriamycin + Cyclophosphamide + Oncovin +

Prednisolone

o o

NANIFABLAUAY) Wazuaals suLANinTaAsL n'ﬁ%’nmé’ﬂ'mlﬁn NLPHL

£

(Uszifiunanisine) wdaldinneinen sl

. nguemLAnIFazinedan ABVE 4
cycles + IFRT
#inL3u early CR azdnmAne ABVE 4 cycles

. ﬂ@:ummL?q'mﬂmﬂm\iﬁngw:%ﬂmﬁqa
ABVE-PC 4 cycles + MIED 2 cycles + IFRT
8Nl early CR azfnmmae ABVE-PC 4
cycles + IFRT

nnnasazidngiagu

ilesmnlsanguiingnsnisseatingatuien
Auluglue) weinisinunsaanisansisdetiamen
IFRT 30-36 Gy ifwienifuflvnjifuasinadnades
panisaseyiiuinuesnszan Tnenannzatnadadin

U4 CCG 5942 Fiasnzinguiloaian
NLPHL wuqnnnslimiisintnasinaien 4 sau 1ina
n135n laAngannns LA RLINTR 4 sauFaNAUNNg

218593 IFRT 21 Gy Tus1u EFS waz 0S
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AN519% 8 : Response-adapted treatment Tugilagnfinnguaani@ssin

POG 9426"“" us“® COG AHOD-0431%"
Number of patients 255 55 287
Timing of interim PET scan 2c 2c 1c
Arm 1 (RER) ABVE 2c+IFRT 25.5Gy VAMP 4c AVPD 3c
Arm 2 (SER) ABVE 4c+IFRT 25.5Gy VAMP 4c+IFRT 25.5Gy AVPC 3c+IFRT 21 Gy
RER 45% 53% 64%
Event-free survival 87, 85% 89, 88% 80, 88%
Overall survival 97, 96% 100, 100% -

¢ = cycles; IFRT = involved-field radiation; RER = rapid early response; SER =

slow early response;

ABVE = Adriamycin + Bleomycin + Vincristine + Etoposide; VAMP = Vinblastine + Adriamycin + Methotrexate + Prednisolone; AVPC = Adriamycin

+ Vincristine + Prednisolone + Cyclophosphamide

m19197 9 : Response-adapted treatment lugilagnfinnguanui@ssiunanaig

POG 9425 COG AHOD-0031®"

Risk group int, high int
Number of patients 216 1,712
Timing of interim PET scan 3c 2c
RER: Arm 1 ABVE-PC 3c + IFRT 21Gy ABVE-PC 4c

Arm 2 - ABVE-PC 4c + IFRT 21Gy
SER: Arm 1 ABVE-PC 5c¢ + IFRT 21Gy ABVE-PC 4c + IFRT 21 Gy

Arm 2 - ABVE-PC 4c + DECA 2c + IFRT 21 Gy
RER 63% 74%
Event-free survival RER 86% SER 83% RER 85, 88% SER 76,80%
Overall survival RER 95% SER 95% RER 99% SER 97%

c = cycles; IFRT = involved-field radiation; RER = rapid early response; SER =

slow early response;

ABVE-PC = Adriamycin + Bleomycin + Vincristine + Etoposide + Prednisolone + Cyclophosphamide; DECA = Dexamathasone + Etoposide +

Cisplatin + Ara-C (Cytarabine)
n3SnEAT e Tew

INUARE GHSG HD4-HD9 wudngtlaadaiueny
15-20 % ilesnudeniugive) azliuansine
laisineiuluginu FFTF waz 0S®

NUIdEAINFINTT wudndeinegilonany
14-21 1 Faegmsaiin O(P/E)PA + COPP azlé

10-year EFS gendngnaengtunl ABVD (83%
Wauny 74% welduansneiuad1efldadAmny)
usiiedipszlunguiitlageny 14-17 T woagu
LAnFneetnaltdnAy 82% ey 59% Faiu
flaqiiuasinediaedagudumantugiossin
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AR 10 : a3LABnna¥nsEilag Hodgkin lymphoma §lvin

Favorable stage 1-2 Unfavorable stage 1-2 Stage 3-4

Radiation alone STNI 30-36 Gy - -

(NLPHL = IFRT)

ABVD alone 4-6 cycles 4-6 cycles (no X) -
ABVD + IFRT 2-4 cycles 4-6 cycles 6-8 cycles
+20-30 Gy + 30 Gy +30 Gy (PR, X)
escBEACOPP + IFRT - 2 cycles + ABVD 2 6 cycles
cycles
+ 30 Gy +30 Gy (PR)
Stanford V + IFRT Nonbulky stage 1-2: Stanford V 8 weeks + 30 Gy
Others: Stanford V 12 weeks * 36 Gy (= 5 cm, splenic
disease)

NLPHL = nodular lymphocyte predominant Hodgkin lymphoma; STNI = subtotal nodal irradiation; IFRT = involved-field radiation;
ABVD = Adriamycin + Bleomycin + Vinblastine + Dacarbazine; escBEACOPP = escalattion of Bleomycin + Etoposide + Adriamycin +
Cyclophosphamide + Oncovin + Procarbazine + Prednisolone; Stanford V (MOP-ABVE) = Mechlorethamine + Oncovin + Prednisolone +

Adriamycin + Bleomycin + Vinblastine + Etoposide; PR = partial response; X = bulky disease

AN5199 11 @3Usn19¥nmngilas Hodgkin lymphoma 16in

ngNANLAE SN nguANLAEIhunaafege
Chemotherapy alone NLPHL: 4 cycles NLPHL: 4 cycles

early CR: 4 cycles early CR: 4-6 cycles
Chemotherapy + IFRT 2-4 cycles 4-6 cycles

+ 15-25 Gy + 15-25 Gy
Chemotherapy regimen ABVE, AVPC ABVE-PC

VAMP -

O(P/E)PA O(P/E)PA + COPP

COPP-ABV COPP-ABV

NLPHL = nodular lymphocyte predominant Hodgkin lymphoma, CR = complete response; IFRT = involved-field radiation; ABVE = Adriamycin +
Bleomycin + Vincristine + Etoposide; ABVE-PC = Adriamycin + Bleomycin + Vincristine + Etoposide + Prednisolone + Cyclophosphamide; AVPC =
Adriamycin + Vincristine + Prednisolone + Cyclophosphamide; VAMP = Vinblastine + Adriamycin + Methotrexate + Prednisolone; O(P/E)PA =
Oncovin + Prednisolone + Procarbazine (female) or Etoposide (male) + Prednisolone + Adriamycin; COPP = Cyclophosphamide + Oncovin +
Prednisolone + Procarbazine; COPP-ABV = Cyclophosphamide + Oncovin + Prednisolone + Procarbazine + Adriamycin + Bleomycin +

Vinblastine
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