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Radiotherapy in early stage classical Hodgkin lymphoma: past,

present and future
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Abstract: For ecarly stage classical Hodgkin lymphoma (HL), extended field irradiation (EFRT) alone
has shown excellent results in low relapse rate and high long-term survival rate. With the patients
achieving long-term survival, the risk of the RT-related late complications was increased, such as secondary
malignancies and heart infarctions. According to a series of studies, the combined modality therapy (CMT)
as the first-line therapy has replaced the radiotherapy (RT) alone. The recommended regimens are 2 cycles
of ABVD followed by involved field radiotherapy (IFRT) (20-30 Gy) for the favorable patients, and 4 cycles
of ABVD followed by IFRT (30 Gy) for unfavorable patients. The involved nodular radiotherapy (INRT)
has shown the potential to achieve satisfactory primary tumor control with lower RT-related toxicity than
EFRT or IFRT in combined therapy. Some prospective randomized studies are going about chemotherapy
(CT) plus INRT under the guidance of PET. It is not certain that whether CT alone has more benefits to

cure limited HL. Appropriate application of new RT techniques can improve the radiation dose distribution

in target fields and protect normal tissues from excess RT-related damage.
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In 1832, Dr. Thomas Hodgkin first described Hodgkin’s
disease, and opened a long road to understand and research
on malignant lymphoma. Hodgkin lymphoma (HL) is
a subtype of malignant lymphoma, and which in west
countries is more common than in China. The subtypes
of nodular sclerosis and mixed cellularity in HL are
same common in China, however the nodular sclerosis
is the most subtype in west countries. Extended field
radiotherapy (EFRT) alone had significantly improved local
control rate and survival of lymphoma patients than ever,
especially for early stage patients. Now the main treatment
modality is combined modality therapy (CMT), including
chemotherapy (CT) and radiotherapy (RT). RT is still
an important treatment to decrease local recurrence and
prolong survival, but the trend is smaller radiation field and
lower dose in combined treatment modality. CT alone has
been tried in some clinical trials, but no clear conclusion.
The target drugs, such as some monoclonal antibodies, have
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improved survival of patients with HL, which may be affect
the treatment modality for this disease.

Comparing involved field radiotherapy (IFRT) and
EFRT for early stage of HL

In the past 40 years, some significant changes in the
management of HL have been occurred. The use of high-
dose (over 40 Gy) EFRT alone in patients with stage I or II
HL showed 85% to 90% in 10-year survival (1). However,
late complications of irradiation, including second
neoplasms, heart infarction, myelodysplastic syndromes
(MDS), hypothyroidism and so on, which are not unique in
patients treated for HL, and counteract the efficacy of these
treatments (2-5). The actuarial risk of second malignancies
following treatment for HL that is most attributable to
RT has been reported to be 21-27% at 25-30 years (6-8).
An international retrospective study by the National Cancer
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Table 1 The result of survivals for patients with favorable early
stage HL in HD10

5-year PFS/OS 8-year PFS/OS

Regimen

(%) (%)
4ABVD + IFRT (30 Gy) 298 93.9/97 88.4/94.4
4ABVD + IFRT (20 Gy) 298 93.2/97 90.0/94.7
2ABVD + IFRT (30 Gy) 295 90.8/97 85.4/93.6
2ABVD + IFRT (20 Gy) 299 91.6/97 86.5/95.1

No significant difference in OS of 4ABVD vs. 2ABVD and 30
vs. 20 Gy (P=0.61). HL, Hodgkin lymphoma; IFRT, involved
field radiotherapy.

Institute of 32,591 HL patients demonstrated a 25-year
actuarial risk of solid malignancy of 21.9% (8). Superior
results have been obtained with CMT, which means the
IFRT following CT. When tumor remission after CT,
patient receives IFRT, of which volume of RT is much
smaller than EFRT. This treatment modality has been
considered as the standard therapy for early stage HL.
Franklin e 4/. reported a meta-analysis review of 23-group
randomized controlled trials, including 3,888 cases with
early stage HL. The results of 13 groups randomized
studies showed that groups in EFRT and in CMT, 10-year
recurrence rates were 32.7% and 15.8%, respectively
(P<0.0001), 10-year OS were 76.5% and 79.4%,
respectively (P>0.05). The conclusion was that combined
therapy improved DFS, but no difference in OS. The
second malignancy risks (SMR) were lower with CMT
than with EFRT alone as initial treatment (P=0.03). No
significant difference in SMR between IFRT and EFRT
(P=0.28), but more breast cancers occurred with EFRT
(P=0.04). SMR were marginally higher with CMT than
with CT alone as initial treatment (P=0.05) (9). Therefore,
doctors have been trying to decrease the volume of RT
following an appropriate CT.

RT for favorable early stage HL

For favorable early stage HL, a number of prospective
randomized studies have established combined modality
treatment as the standard therapy (10-12). Fermé ez al.
reported the H8-F study on favorable early stage HL. Totally
542 patients were eligible for H8-F trial and underwent
randomization into two arms. The study compared MOPP-
ABV x3 plus IFRT with subtotal nodal irradiation alone
(STNI, reference group). The median follow-up was
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92 months. In the H8-F trial, the estimated 5-year EFS was
significantly higher after MOPP-ABV x3 plus IFRT than
after STNI alone (98% wvs. 74%, P<0.001). The 10-year OS
estimates were 97% and 92%, respectively (P=0.001) (10).
Bonadonna er a/. [2004] reported a study on early stage HL.
A total of 136 eligible patients were entered onto this trial.
According the randomization after CT, in 66 patients RT
consisted of subtotal nodal plus spleen irradiation, whereas
in 70 patients RT was limited to the previous involved sites
only IFRT). Complete remission was achieved in 100% and
in 97% of patients in two arms, respectively. The 12-year
freedom from progression rates were 93% after ABVD and
STNI, and 94% after ABVD and IFRT, whereas the overall
survivals were 96% and 94%, respectively. There are no
differences in FFP and OS between ABVD-STNI arm and
ABVD-IFRT arm (11). The results of above trials show that
IFRT is sufficient treatment after a CT-induced complete
remission has been obtained and that EFRT or STNI
whether alone or after CT can no longer be recommended.

Some studies have focused on more reducing the CT
and/or limiting the RT. The GHSG HD-7 study compared
ABVD x2 plus EFRT 30 Gy (IFRT boost 10 Gy) to EFRT
30 Gy alone (IFRT boost 10 Gy) in favorable stages I and II
patients (13). The freedom from treatment failure (FFTF)
was 96% for combine modality treatment, whereas 84%
for EFRT alone. However, the OS of both groups were
94%. Therefore, the reduction is possible, not only in the
size of the RT fields, but also in the cycle number of CT.
The GHSG reported the HL10 trial result in 2010 (14).
The large trial comprised of 1,190 patients with favorable
clinical stages I and II were randomized to ABVD x4 plus
30 Gy IFRT, ABVD x4 plus 20 Gy IFRT, ABVD x2 plus
30 Gy IFRT or ABVD x2 plus 20 Gy IFRT. The results
showed that there is no difference between 2 and 4 cycles
ABVD in survival; moreover, no difference between IFRT
20 and 30 Gy survivals after CT (Table 1). Therefore,
2 cycles of ABVD + IFRT 20-30 Gy as the standard
regimen is sufficiently effective and safe for patients with
favorable early stage HL.

RT for unfavorable early stage HL

It is strongly recommended that patients in the unfavorable
early stage of HL should receive a combination of CT
followed by IFRT with a total dose of 30 Gy. There are
some randomized studies to compare EFRT and IFRT
following CT. In GHSG HDS trial, 1,204 patients with
unfavorable clinical stages I and II were randomized to
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Table 2 The result of survivals for patients with unfavorable early stage HL in HD11

Regimen Outcome (%, measure time) (PFS 5-year) OS (%) Secondary neoplasia (cases) Haem toxicity (% Gr llI-IV)
4ABVD 5.7
+20 Gy (n=347) 82.1 93.8 19
+30 Gy (n=356) 87.2 94.3 9
4BEACOPP 12.0
+20 Gy (n=351) 87.0 95.1 10
+30 Gy (n=341) 87.9 94.6 14
P 0.03* NS NS <0.001*

*, with respect to PFS, the difference between 20 and 30 Gy (4ABVD) was significant (P=0.03), whereas 4BEACOPP plus 20 or
30 Gy provided similar results to 4ABVD plus 30 Gy; *, 4ABVD vs. 4BEACOPP. HL, Hodgkin lymphoma.

group A (COPP/ABVD x4 + EFRT 30 Gy + Bulk 10 Gy)
and group B (COPP/ABVD x4 + IFRT 30Gy + Bulk
10 Gy). The 5-year FFTF were 86% and 84% respectively,
the 5-year OS were 91% and 92%, respectively. The result
showed that there is no significant difference between
group A (EFRT) and group B (IFRT) in FFTF and OS (15).
In H8-U trial, it is similar result of survivals between STNI
and IFRT following CT (10). The GHSG HL11 [1998-
2003] trial randomized of unfavorable patients with CS
I and II to ABVD x4 + IFRT (30 Gy), ABVD x4 + IFRT
(20 Gy), BEACOPP baseline + IFRT (30 Gy), BEACOPP
baseline + IFRT (20 Gy). Four cycles of ABVD + IFRT
(30 Gy) was no difference to BEACOPP baseline + IFRT
(20 or 30 Gy) in survivals, and the toxicities in ABVD were
milder than BEACOPP baseline. However, the group with
ABVD x4 + IFRT (20 Gy) was inferior to other groups in
survival (Table 2) (16). Therefore, the regimen of ABVD x4
+ IFRT (30 Gy) was considered as standard treatment. In
HD14 trial, 2+2 CT (two cycles BEACOPPesc followed
by two cycles of ABVD) can improve PES of patients with
four cycles ABVD, but it cannot improve OS of patients,
and with more severe toxicities (17). Therefore, involved
field irradiation (30 Gy) following CT (ABVD x4) is
recommended for unfavorable early stage patients.

Involved node radiotherapy (INRT): a smaller
volume of RT

The INRT has shown benefit in critical organ irradiation
in limited stage HL. This method, first developed by
EORTC/GELA group, has less harmful for healthy tissues
and further reduction in SMR. The INRT is designed to
eradicate involved lymph nodes, while the IFRT focus on
involved lymph node region, which volume of RT may
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be enlarged after CT (18). Campbell er 4/. compared with
IFRT, INRT significantly reduced mean doses to lungs
(P<0.01), breasts (P<0.01), thyroid (P<0.01) and heart
(P<0.01) (19). And the relapse rate of HL in INRT (3%)
was similar to in IFRT (5%) and in EFRT (3%) (20).
Maraldo ez al. reported a retrospective analysis using INRT
(30-36 Gy) following CT (ABVD) to treat 97 clinical stage
I-II HL patients. The 4-year PFS and OS were 96.4% and
94%, respectively. Early toxicity of radiation therapy was
limited to grade 1 (23.4%) and grade 2 (13.8%). During
follow-up, 7 secondary malignancies were diagnosed, and
5 patients developed heart disease. INRT offers excellent
tumor control without more severe toxicity than IFRT
or EFRT (21). Pre-CT FDG-PET leads to significantly
better INRT delineation without necessarily increasing
radiation volumes (22). In future, it is necessary to have
some randomized studies on INRT for making it into as a
standard method of treatment.

Whether or not the RT can been omitted?

According to a series of clinical studies, the volume and
dosage of RT have been reduced significantly in early stage
HL. Whether the RT can been omitted? A randomized
study (NCI-C/ECOG HDG6 trial and 399 cases) on non-
bulky early HL. compared 4-6 cycles of ABVD alone with
STNI with or without 2 cycles ABVD for favorable patients
or for unfavorable patients. The result showed the over
survival in ABVD alone was higher than in STNI (94% vs.
87%, P=0.04), but the freedom from disease progression
was lower (87% wvs. 92%, P=0.05), especially in unfavorable
patients group (86% wvs. 94%, P=0.006). The mortality in
STNI group was higher than in ABVD alone group mainly

due to late treatment complications such as second cancers,
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related infections, cardiac events and so on. Therefore,
the patients in STNI group had lower recurrence rate
and higher treatment complication rate than in ABVD
alone, especially in unfavorable cases. These complications
decreased OS in STNI group. So that further study on
comparing IFRT or INRT with ABVD alone should be
considered (23).

Some randomized clinical trials have shown that CT
alone lead to a higher recurrence rate and shorter PFS.
EORTC-GELA H9F compared 6 cycles of EBVP with or
without 20 or 36 Gy IFRT. There was an excessive number
of relapses occurring in an EBVP alone arm, so that the
EORTC had to prematurely close their H9F trial (24). In
RAPID study, 602 patients with negative interim PET after
ABVD x3 CT were further randomized into two arms: IF-
RT or observation arm. The 3-year PFS in group of IF-RT
and group of observation were 97% and 90.7%, respectively
(P=0.03). Patients with positive interim PET received both
one ABVD cycle and IF-RT, and their 3-year PFS and OS
were 85.9% and 93.9% respectively (25). EORTC H10
study had a similar result in interim analysis (26). Therefore,
the RT following CT still is standard therapy for early stage
HL. Some clinical trials on PET guiding are ongoing, such
as GHSG HD16 and HD17.

The outlook

At present, great changes have occurred in radiation therapy
technology. With the development of computer technology,
RT treatment planning systems are more perfect. The
techniques of Intensity-Modulated Radiation Therapy
(IMRT) and Image Guided Radiation Therapy (IGRT)
makes RT dose distribution more precisely conform to the
target volume from small and regular tumor to large and
irregular tumor. Proton accelerators have been applied
in clinical treatment, which have significant advantages
in radiation dose distribution in tumor target volume.
In recent years, the emergence of IMRT, gamma knife,
VAMT, Tomotherapy, Cyber-knives, 4D-techenique and
other new technological equipment, significantly improve
the radiation dose distribution in the tumor target volume,
and significantly decrease the radiation dose in the normal
tissues and organs (19,27,28). According to these new
techniques, at the same time of controlling tumor, we can
protect the normal tissues and organs, improve the quality
of life, reduce damage of tissues and organs function, and
also reduce the incidence of second cancers. Although some
of above techniques has mainly used in other cancers, such
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as lung cancer, liver cancer, and so on. PET/CT displays
the sites of living tumor tissue is superior to CT and
other imaging techniques, so that it is effecting on the RT
whether or not to do and how to do, which has been widely
used in clinical practice (29-32). In future, there will be
new different indicators of PET/CT for different purposes
of diagnosis and treatment, or some other new techniques,
which can more accurately and sensitively shows the active
part of tumor. These technologies will make the design and
realizing this design on tumor target volume of RT more
accurately.

Conclusions

According to a series of studies for many years, as the first-
line therapy on patients with early-stage HL, combined
therapy has replaced the RT alone. The recommended
regimens are 2 cycles of ABVD plus IFRT (20-30 Gy) for
the favorable patients, and 4 cycles of ABVD plus IFRT
(30 Gy) for unfavorable patients. The INRT has shown
the potential to achieve satisfactory primary tumor control
with lower treatment-related toxicity than EFRT or IFRT
in combined therapy. Some prospective randomized studies
are going about CT plus INRT under the guidance of PET.
It is not certain that whether CT alone is more beneficial
or not to cure limited HL. Appropriate application of new
RT techniques can improve the radiation dose distribution
in target fields and protect normal tissues from excess RT-
related damage.
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