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Hodgkin lymphoma patients with age less than 20 years have more than 90% of
10-year survival rate. Late side effects from the treatment are increasingly detected because
of their long-term survival. Therefore, the aim of treating pediatric Hodgkin lymphoma is to
minimize late side effects by reduction of radiation dose and volume, risk-adapted treatment,

response-adapted treatment, and sophisticated radiotherapy techniques.
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cancer, lung cancer, leukemia, gastrointestinal cancer
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mmamm@qﬁﬁmitﬁmm breast cancer WAz lung
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5. Thyroid abnormalities ﬁIW‘]_ILIIfrJﬂ Ae
hypothyroid, Graves’ disease, adenoma, thyroid
cancer auand Inentadeitinanednannnsifialsn Ae
Bunauednnnnan 25 Gy
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EORTC H8-U"? Milan“® GHSG HD8""
Number of patients 996 136 1,068
Arm 1 chemo 4 cycles + chemo 4 cycles + chemo 4 cycles +
Arm 2 STNI STNI EFRT
Arm 3 chemo 4 cycles + IFRT chemo 4 cycles + IFRT
chemo 6 cycles + IFRT chemo 4 cycles + IFRT
Chemotherapy MOPP-ABV ABVD COPP/ABVD
Radiation dose 36 —40 Gy 30.6 — 40 Gy 30 -40 Gy
Event-free survival 87, 88, 84% 93, 94% 86, 84%
Overall survival 84, 85, 88% 96, 94% 91, 92%

IFRT = involved-field radiation; EFRT = extended-field radiation; STNI = subtotal nodal irradiation;

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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nquﬂfaﬁmﬁm (Risk-adapted treatment)
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@ =l

Uunane g9 Feuaazauldduiduaninun gasad

11l wazdFunnde@nng o Aue

(ﬁ\imawﬁ' 2)
Feagu/lasail

° mmfﬁlmmé’] (stage 1 - 2, no bulky, no B
symptoms) %Lfﬂ‘]:m;fmmﬁﬂﬁﬁm 2-4 a1

dl = o ¥ ~
® ﬁq’]NL@ﬂQﬂquﬂ@q\‘iﬂQ@]\j [ETINIATEILAN

UNUIMNABISS ?{%’nuﬂugﬂqmﬁn Hodgkin lymphoma 147

o fansnnanafaRifinde 25 - 40 Gy lunsdl
saslsnsamaenaclaiuinitina

41UI4Y GPOH HD95" laz91uade CCG
5942% wuannsameneiedlugoafl complete
response AEUANLANLA J 10-year event-free
survival 83 7 - 8% aendlsfinn subgroup analysis
a1n GPOH HD95 wudﬁiuéﬂQEﬂéuﬁQWNL§EQﬁﬁ Y
10-year event-free survival ﬁiﬁLLﬁmﬁl‘Nﬁ’u LATaNa
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fansnuaanIanaiad luyeenguilla (@awanssann

1117m 4-6 381 fILNNUAAE CCG 5942)
o fiansninanafedluyiaennae IFRT 15-

25 Gy (Ui Bunnuisddmiuyluyae 30 Gy)

AN5199 2. $1UA4EIUARS response-adapted treatment TugilaaianunguAMEEeN

Risk group Chemotherapy Radiation * Boost to
Stanford"® low VAMP 4 cycles IFRT 15 Gy 25.5 Gy
POG 9226 low ABVE 4 cycles IFRT 25.5 Gy -
SFop 82" low ABVD/MOPP or ABVD 4 cycles IFRT 20 Gy 40 Gy

int, high ABVD/MOPP 6 cycles EFRT 20 Gy 40 Gy
GPOH low O(P/E)PA 2 cycles rlFRT 20 Gy 30-35 Gy
HD95"® int O(P/E)PA 2 cycles + COPP 2 cycles rIFRT 20 Gy 30-35 Gy

high O(P/E)PA 2 cycles + COPP 4 cycles rlFRT 20 Gy 30-35 Gy
CCG 5942 low COPP-ABV 4 cycles IFRT 21 Gy 35 Gy

int COPP-ABV 6 cycles IFRT 21 Gy 35 Gy

high cycle A/B/C 6 cycles IFRT 21 Gy 35 Gy

Int = intermediate; 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
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NITAANATINALNAENITIARNLSIA luNLeNnay
AUBIRABLANLNLIA (Response-adapted treatment)
Tnaiende PET scan Aiasnzuangiloaselad
ANIADLAUBIDENITIAEINAUATLNTANEN 2-3 791
4 Yo A o o Al i
mayLaenguilaziuanisinenaninluau event-free
survival Waz overall survival A9TUANIAAZAAAIUIL
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Thai-POG Hodgkin lymphoma protocol
1/9241 PET scan naun1ssnen uadaiiiinia 2 sa1
dl a o ng al o o
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AT (WALTZHUNANNTINEN) AT IAN1TTNEN A9t
® NANAINLRENAT: ABVE 4 cycles + IFRT

21 Gy

&N early complete response: ABVE 4

. |
cycles (NADEITIA)

A19197 3. IUIABUARY response-adapted treatment TugilaenguANALNFN

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

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;

A9197 4. UIABUARY response-adapted treatment lugtlaenguaaAesunaneuazgs

POG 9425% COG AHOD-0031"
Number of patients 216 1,712
Timing of interim 3 cycles 2 cycles
PET
Arm 1 RER: ABVE-PC 3c + IFRT 21Gy RER: ABVE-PC 4c
Arm 2 SER: ABVE-PC 5¢ + IFRT 21Gy RER: ABVE-PC 4c + IFRT 21Gy
RER 63% 74%
Event-free survival 86, 83% 85, 88%
Overall survival 95, 95% -

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

ABVE-PC = Adriamycin + Bleomycin + Vincristine + Etoposide + Prednisolone + Cyclophosphamide
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° n’aéum’n.uﬁmﬂ’mnmﬁa@a: ABVE-PC
4 cycles + MIED 2 cycles + IFRT 21 Gy

f;lﬂl,';u early complete response: ABVE-PC
4 cycles + IFRT 21 Gy

NNIAREATIALAENARENATANNTAN SRS WA

1. Proton therapy LTunnsenaiadingls
Tﬂiﬁﬂuéqﬁ@mmuﬁﬁLLﬁmﬁqiﬁzwﬁqmugﬂuéwﬂ’mﬁ
mmﬁﬂ@qmuﬁq (Bragg peak) MRIANTUNAI Ay
AAAIANANRE NI zﬁ'w@iﬁﬂffﬂqzﬁ@gﬁmiﬂ‘ﬂmu
SsRifeadnues 1wy usealsaiFion mediastinum
AM7an 8§ RN AUMFIAza NN Taa AT RRe
P10 LAY IRANN AN ENNNT0AA
Funnsadnealale® yanaimiugsanBunnied
18993 B9HALIAAAINUIA ENTIAZIA A secondary
cancer wiansin e waaedlsfanuLAteans
SeRrTintgiadsaunauaselii lussinalne

2. Intensity-modulated radiotherapy (IMRT)
Az Volumetric-modulated arc therapy (VMAT) i1l

o a o O o
NN9RY5NALUUUFUANNLANLNAUANLA LT UIZTAL

v 1 1Y 1

INNAATY 11U Fala, AanuIaNY LATadEAaLR
PFurnufsdlaason aswalmiiuauidasiaziig

v
secondary cancer tn®"

21984

1. National Cancer Institute. Cancer statistics [online].
2013 [cited 2013 Jul 15]. Available from:
http://seer.cancer.gov/faststats

2. Castellino SM, Geiger AM, Mertens AC, Leisenring
WM, Tooze JA, Goodman P, Stovall M,
Robison LL, Hudson MM. Morbidity and
mortality in long-term survivors of Hodgkin
lymphoma: a report from the Childhood
Cancer Survivor Study. Blood 2011 Feb;
117(6):1806-16

Ummmﬂm%’ﬂﬁ%’nuﬂugmmﬁn Hodgkin lymphoma 149

3. Dores GM, Metayer C, Curtis RE, Lynch CF,
Clarke EA, Glimelius B, Storm H, Pukkala E,
van Leeuwen FE, Holowaty EJ, et al. Second
malignant neoplasms among long-term
survivors of Hodgkin’s disease: a population-
based evaluation over 25 years. J Clin Oncol
2002 Aug; 20(16): 3484-94

4. Sachs RK, Brenner DJ. Solid tumor risks after high
doses of ionizing radiation. Proc Natl Acad
Sci USA 2005 Sep;102(37): 13040-5

5. Hodgson DC, Koh ES, Tran TH, Heydarian M,
Tsang R, Pintilie M, Xu T, Huang L, Sachs
RK, Brenner DJ. Individualized estimates of
second cancer risks after contemporary
radiation therapy for Hodgkin lymphoma.
Cancer 2007 Dec;110(11): 2576-86

6. Mulrooney DA, Yeazel MW, Kawashima T, Mertens
AC, Mitby P, Stovall M, Donaldson SS, Green
DM, Sklar CA, Robison LL, et al. Cardiac
outcomes in a cohort of adult survivors
of childhood and adolescent cancer:
retrospective analysis of the Childhood
Cancer Survivor Study cohort. BMJ 2009 Dec
8;339:b4606

7. Ng AK, Li S, Neuberg D, Chi R, Fisher DC, Silver
B, Mauch PM. A prospective study of
pulmonary function in Hodgkin’s lymphoma
patients. Ann Oncol 2008 Oct;19(10):
1754 - 8

8. van Dorp W, van Beek RD, Laven JS, Pieters R,
de Muinck Keizer-Schrama SM, van den
Heuvel-Eibrink MM. Long-term endocrine
side effects of childhood Hodgkin’s
lymphoma treatment: a review. Hum Reprod

Update 2012 Jan; 18(1) :12 - 28



150

NAUNSA 518897

9. Hancock SL, Cox RS, McDougall IR. Thyroid

diseases after treatment of Hodgkin’s
disease. N Engl J Med 1991 Aug; 325(9):
599 - 605

10. Sklar C, Whitton J, Mertens A, Stovall M, Green D,

Marina N, Greffe B, Wolden S, Robison L.
Abnormalities of the thyroid in survivors of
Hodgkin's disease: data from the Childhood
Cancer Survivor Study. J Clin Endocrinol

Metab 2000 Sep; 85(9): 3227 - 32

11. Willman KY, Cox RS, Donaldson SS. Radiation

induced height impairment in pediatric
Hodgkin’s disease. Int J Radiat Oncol Biol
Phys 1994 Jan; 28(1): 85 - 92

12. Ferme C, Eghbali H, Meerwaldt JH, Rieux C,

Bosq J, Berger F, Girinsky T, Brice P, van't
Veer MB, Walewski JA, et al. Chemotherapy
plus involved-field radiation in early-stage
Hodgkin’s disease. N Engl J Med 2007 Nov;
357(19): 1916 - 27

13. Bonadonna G, Bonfante V, Viviani S, Di Russo A,

Villani F, Valagussa P. ABVD plus subtotal
nodal versus involved-field radiotherapy in
early-stage Hodgkin’s disease: long-term
results. J Clin Oncol 2004 Jul; 22(14):
2835 - 41

14. Engert A, Schiller P, Josting A, Herrmann R,

Koch P, Sieber M, Boissevain F, De Wit M,
Mezger J, Duhmke E, et al. Involved-field
radiotherapy is equally effective and less
toxic compared with extended-field radio-
therapy after four cycles of chemotherapy
in patients with early-stage unfavorable
Hodgkin's lymphoma: results of the HD8 trial
of the German Hodgkin’s Lymphoma Study

Chula Med J

Group. J Clin Oncol 2003 Oct; 21(19):
3601 -8

15. Donaldson SS, Link MP, Weinstein HJ, Rai SN,

Brain S, Billett AL, Hurwitz CA, Krasin M,
Kun LE, Marcus KC, et al. Final results of a
prospective clinical trial with VAMP and
low-dose involved-field radiation for children
with low-risk Hodgkin’s disease. J Clin Oncol

2007 Jan; 25(3): 332 - 7

16. Tebbi CK, Mendenhall N, London WB, Williams

JL, de Alarcon PA, Chauvenet AR. Treatment
of stage |, llA, llIA1 pediatric Hodgkin disease
with doxorubicin, bleomycin, vincristine and
etoposide (DBVE) and radiation: a Pediatric
Oncology Group (POG) study. Pediatr Blood
Cancer 2006 Feb; 46(2):198 - 202

17. Oberlin O, Leverger G, Pacquement H, Raquin

MA, Chompret A, Habrand JL, Terrier-
Lacombe MJ, Bey P, Bertrand Y, Rubie H,
et al. Low-dose radiation therapy and
reduced chemotherapy in childhood
Hodgkin’s disease: the experience of the
French Society of Pediatric Oncology. J Clin
Oncol 1992 Oct; 10(10): 1602-8

18. Dorffel W, Ruhl U, Luders H, Claviez A, Albrecht

M, Bokkerink J, Holte H, Karlen J, Mann G,
Marciniak H, et al. Treatment of children and
adolescents with Hodgkin lymphoma without
radiotherapy for patients in complete
remission after chemotherapy: final results of
the multinational trial GPOH-HD95. J Clin
Oncol 2013 Apr; 31(12): 1562 - 8

19. Wolden SL, Chen L, Kelly KM, Herzog P, Gilchrist

GS, Thomson J, Sposto R, Kadin ME,

Hutchinson RJ, Nachman J. Long-term results



Vol. 58 No. 2 unumzassedsnuiluguasiian Hodgkin lymphoma 151
March - April 2014

of CCG 5942: a randomized comparison of
chemotherapy with and without radiotherapy
for children with Hodgkin’s lymphoma—a
report from the Children’s Oncology Group.
J Clin Oncol 2012 Sep; 30(26): 3174 - 80

20. Tebbi CK, Mendenhall NP, London WB, Williams

JL, Hutchison RE, Fitzgerald TJ, de Alarcon
PA, Schwartz C, Chauvenet A. Response-
dependent and reduced treatment in lower
risk Hodgkin lymphoma in children and
adolescents, results of P9426: a report from
the Children’s Oncology Group. Pediatr Blood
Cancer 2012 Dec; 59(7): 1259 - 65

21. Metzger ML, Weinstein HJ, Hudson MM, Billett

AL, Larsen EC, Friedmann A, Howard SC,
Donaldson SS, Krasin MJ, Kun LE, et al.
Association between radiotherapy vs no
radiotherapy based on early response to
VAMP chemotherapy and survival among
children with favorable-risk Hodgkin
lymphoma. JAMA 2012 Jun;307(24):
2609 - 16

22. Keller FG, Nachman J, Constine L, Thomson J,

McCarten KM, Chen L, Schwartz C. A
Phase Il study for the treatment of children
and adolescents with newly diagnosed low
risk Hodgkin Lymphoma (HL). ASH 52nd
Annual Meeting; December 4 - 7, 2010;
Orlando, Florida. Blood (ASH Annual Meeting
Abstracts) 2010 Nov; 116(21): 767

23. Schwartz CL, Constine LS, Villaluna D, London

WB, Hutchison RE, Sposto R, Lipshultz SE,
Turner CS, deAlarcon PA, Chauvenet A. A
risk-adapted, response-based approach

using ABVE-PC for children and adolescents

with intermediate- and high-risk Hodgkin
lymphoma: the results of P9425. Blood 2009
Sep;114(10):2051 - 9

24. Friedman DI, Wolden S, Constine L, Chen L,

McCarten KM, Fitzgerald TJ, De Alarcon P,
Chen AR, Hutchison R, Ehrlich P, et al.
AHODO0031: A Phase Il study of dose-
intensive therapy for intermediate risk Hodgkin
Lymphoma: a report from the Children’s
Oncology Group. ASH 52nd Annual Meeting;
December 4 -7, 2010; Orlando, Florida. Blood
(ASH Annual Meeting Abstracts) 2010 Nov;
116(21): 766

25. Andolino DL, Hoene T, Xiao L, Buchsbaum J,

Chang AL. Dosimetric comparison of involved-
field three-dimensional conformal photon
radiotherapy and breast-sparing proton
therapy for the treatment of Hodgkin’s
lymphoma in female pediatric patients. Int J
Radiat Oncol Biol Phys 2011 Nov; 81(4):
eb67-71

26. Hoppe BS, Flampouri S, Su Z, Latif N, Dang NH,

Lynch J, Joyce M, Sandler E, Li Z, Mendenhall
NP. Effective dose reduction to cardiac
structures using protons compared with
3DCRT and IMRT in mediastinal Hodgkin
lymphoma. Int J Radiat Oncol Biol Phys 2012
Oct; 84(2): 449 - 55

27. Cella L, Conson M, Pressello MC, Molinelli S,

Schneider U, Donato V, Orecchia R, Salvatore
M, Pacelli R. Hodgkin’s lymphoma emerging
radiation treatment techniques: trade-offs
between late radio-induced toxicities and
secondary malignant neoplasms. Radiat

Oncol 2013 Jan 30; 8: 22



