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Today more than 90% of patients with
early stage Hodgkin's lymphoma (HL) will
be long-term survivors. Only few patients
will die from the disease itself. Thus, the
choice of therapy is more and more de-
pendent on death from other causes and
therapy-related (late) adverse effects.
Based on their interpretation of the da-
ta from the HD.6 trial, the NCIC Clini-
cal Trials Group and the Eastern Cooper-
ative Oncology Group saw no difference
in overall survival between radiothera-
py alone and ABVD chemotherapy alone
in patients with favorable risk profile. For
patients with unfavorable risk profile re-
ceiving subtotal nodal radiation thera-
py (STNRT), they concluded that the in-
creased number of premature deaths was
related to causes other than Hodgkin’s
lymphoma, favoring chemotherapy over
radiotherapy. However, our analysis and
interpretation of the presented data rais-
es concerns about this conclusion by the
authors.

Background

Hodgkin’s lymphoma (HL) is one of the
most frequent malignancies of young
adults although the incidence has two
peaks at around 25 and 55 years [1]. Since
modern therapy options have significant-
ly improved cure rates, the vast majority
of patients will survive HL long term and
thus will face potential late effects of ther-
apy, e.g., death due to secondary cancers
or late cardiovascular effects.
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The treatment modalities as well as the
treatment intensities depend on the dis-
ease stage and, especially in early stages,
on the presence of risk factors (B Tab. 1).
It is commonly accepted that most pa-
tients in early stages receive combined ra-
diochemotherapy consisting of two (fa-
vorable risk) to four (unfavorable risk)
cycles of ABVD or BEACOPP/ABVD
and involved-field radiotherapy (RT) [2,
3]. Reduction of therapy-related toxici-
ty has been not only achieved by the in-
troduction of ABVD but also by continu-
ously narrowing the irradiated field siz-
es. In this regard, subtotal nodal radio-
therapy (STNRT), introduced in the early
1960s [4], has been gradually shrinking to-
wards until today’s highly circumscribed
involved-field RT (or even involved-node
RT) without affecting therapy efficacy [2,
3,5].

Patients undergoing radiochemothera-
py are at increased risk for developing sec-
ondary neoplasms, where acute myeloid
leukemia (AML), myelodysplastic syn-
drome (MDS), and non-Hodgkins lym-
phoma (NHL) occur with the highest in-
cidence as second cancers after HL treat-
ment [5, 6]. Although for AML and MDS,
there is a generally accepted link to the use
(and dose) of DNA-destabilizing agents
(e.g., alkylators or doxorubicin) [7], NHL
is thought to be more related to the un-
derlying immunosuppression rather than
the drugs [8]. An increased risk of sec-
ondary solid tumors (mainly secondary
breast and lung cancers) is attributable to

both chemotherapy and radiotherapy [9,
10]. Where age at exposure, radiation dose
and field size play an important role in de-
fining the excess risk, a similar dose-re-
sponse relationship is also recognized for
secondary lung cancer with the use of al-
kylators [11, 12]. However, defining the in-
dividual contributions of either chemo-
or radiotherapy in combined regimens
is problematic [13]. Especially since most
cancer patients show an increased suscep-
tibility to develop other cancers, indepen-
dent from any treatment, as can be seen
for example in breast cancer patients who
underwent surgery only without receiving
any adjuvant therapy [14].

The recently published paper on the
results of the HD.6 trial conducted by the
NCIC Clinical Trials Group and the East-
ern Cooperative Oncology Group report-
ed on increased death rates from other
causes than HL in patients with unfavor-
able risk profile undergoing (now outdat-
ed) STNRT [15].

The authors conclude that “.. the rate
oflong term survival is higher with ABVD
alone than with treatment that includes
STNRT, particularly when STNRT is com-
bined with two cycles of ABVD therapy...
the extent of radiotherapy is very likely to
have contributed to the excess deaths...”
We have read the paper with interest and
would like to point out why we are con-
cerned about the conclusions drawn by
the authors and David Straus in his ac-
companying editorial [5].
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Tab. 1

Various definitions of risk factors in early stage Hodgkin's lymphoma

Criteria Favorable risk Unfavorable risk

EORTC HD.6  GHLSG EORTC HD.6  GHLSG
Involved areas, <3 <3 <3 >3 >3 >3
n
Age, years <50 <40 nd. >50 =40 n.d.
Mediastinal Noneor  nd. <1/3ofthoracic  Large >1/3 of thoracic
mass small diameter diameter
Extranodal sites  n.d. nd. No nd. nd. Yes
ESR (no B-symp- <50 <50 <50 mm/h >50 >50 =50 mm/h
toms) mm/h mm/h mm/h  mm/h
ESR (B-symp- <30 <30 mm/h >30 >30 mm/h
toms) mm/h mm/h
GHLSG German Hodgkin Lymphoma Study Group, n.d. not defined, ERS erythrocyte sedimentation rate.

Tab.2 Second cancers observed in the HD.6 trial

Risk profile Therapy Total SC Deaths by SC
n n (%) n (%)
Favorable ABVD only 59 n.p. 0
STNRT® 64 4 (6%) 1(2%)
Unfavorable ABVD only 137 n.p. 4 (3%)
STNRT® 139 19 (14%) 9 (6%)
ABVD only 196 10 (5%) 4 (2%)
STNRT® 203 23 (11%) 10 (5%)
n.p. not published, SC second cancers
149 of patients also received chemotherapy.

Rationale and design
of the HD.6 trial

The rationale of the Hodgkin’s Disease.6
(HD.6) trial (NCT00002561) was to de-
termine whether HL patients treated with
ABVD alone show equal long-term sur-
vival rates as those treated with STNRT
or combined ABVD-STNRT. It was start-
ed in 1994 and closed in 2002, when—
based on results from the German Hodg-
kin Lymphoma Study Group (GHLSG)—
involved-field RT was accepted to be a su-
perior treatment approach to STNRT.

Furthermore, according to the decision
of the trial committee and the data and
safety monitoring board, the date of the
final statistical analyses was changed from
December 2015 to December 2010 because
31 deaths had occurred in March 2010, and
the trial committee did not expect that the
trial would reach its end point of 56 deaths
by 2015.

Patients with histologically confirmed,
previously untreated, Ann Arbor-stage IA
or ITA non-bulky (mass <10 cm) HL were
included. Before randomization, patients
were stratified into favorable and unfavor-
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able risk cohorts (B Tab. 1). Risk-strati-
fied patients were then randomly assigned
to one of two treatment arms, whereas one
arm contained a treatment including RT
(favorable profile: STNRT alone, unfavor-
able profile: 2 cycles of ABVD + STNRT)
and the other arm included ABVD (4-
6 cycles) as single treatment modality
(8 Fig. 1a). Patients assigned to ABVD
alone who were not achieving complete
remission (CR) or unconfirmed com-
plete remission (uCR) after two cycles re-
ceived four more cycles of ABVD. In case
of disease progression during treatment
with ABVD alone, radiotherapy was op-
tionally applicable. Primary end point of
the study was the 12-year overall survival
(OS). Secondary end points were freedom
from disease progression (FFDP), second
cancer (SC) rate and cardiac events.

HD.6 Radiotherapy details

Initially after randomization of patients
into the RT group (favorable risk cohort)
or 4-6 weeks after two cycles of chemo-
therapy (unfavorable risk cohort), the pa-
tients received 35 Gy in 20 fractions of

1.75 Gy to each the supradiaphragmat-
ic lymph node areas (“mantle field”), the
spleen and the upper abdominal lymph
nodes (B Fig. 2b). Of importance, the RT
fields in the favorable group were larger
(lower border was L4) than in the unfa-
vorable risk cohort (L2).

Overall and progression-free
survival

The authors reported equal OS and FFDP
rates of patients with favorable risk (FR)
profile when comparing the ABVD only
(OS 98%; FFDP 89%) to the STNRT only
(OS 98%; FFDP 87%) group. In contrast,
patients with unfavorable risk (UFR) pro-
file receiving ABVD only had a better OS
(92%) than those receiving additional
STNRT (81%) although FFDP was about
8% superior after STNRT-ABVD. In total,
11 deaths occurred among UFR patients in
the ABVD alone group and 23 in the com-
bined group. Looking closer at the causes,
one notes 5 “other” causes of death (in-
cluding 1 Alzheimer’s, 1 suicide, 1 drown-
ing, 1 respiratory failure, and 1 unknown)
and 3 deaths due to infection during ther-
apy in the STNRT-ABVD group that were
considered for the analysis (in conformity
with an intention-to-treat analysis).

Yet, since at least 4 (respiratory failure
may be radiation-related) of the 5 “other”
causes of death are clearly not therapy re-
lated (and by far not radiation-related), an
additional analysis excluding these deaths
would have been more logical and would
have resulted in 11 vs. 19 deaths in the
unfavorable group and, in total (FR and
UFR combined), 12 vs. 20 “other” deaths
(x* test, p=0.17). Of note, the resulting in-
significant difference in the “corrected”
OS is accompanied by a highly significant
higher FFDP rate at 12 years when RT is
added (94% with RT vs. 86% without RT;
p=0.006).

Second cancers

On first sight and due to the way that the
data are presented, the rates of second
cancers (SC) appear higher when STNRT
is given alone or combined with ABVD
as compared to ABVD alone (B Tab.2).
A detailed look demonstrates that this is
caused only by an increased incidence of



Unfavorable risk cohort

Favorable risk cohort

[STNRT] [2x ABVD] [2x ABVD]

[2x ABVD]

[+2 x ABVD] [+4 x ABVD]|

L2 B........... unfavorable risk

LE s favorable risk

SC in the unfavorable cohort receiving
STNRT + ABVD.

The addition of two cycles of ABVD
to RT in the unfavorable group result-
ed in an increase of SC when compared
to the favorable group receiving STNRT
alone (19 vs. 4) and deaths by SC (9 vs.
1). Of note, the unfavorable cohort re-
ceived RT to smaller fields (lower field
edge at L2, compared to L4 in the favor-
able cohort) with more patients receiv-
ing “less than protocol radiotherapy” (9%
vs. 3%) than in the favorable cohort, and
thus, based on the well-known age-, dose-
and volume-effect relationship for second
cancer induction after RT [16], the rea-
sons for these counterintuitive findings
(i.e. higher SC risk in older patients with
smaller RT volumes and lower RT inten-
sity) remain open to speculation. In addi-
tion, observation studies on atomic bomb
survivors showed colon, lung and stom-
ach to be prime sites for SC after RT [17,
18]. None of the 4 SC in the radiation-only
cohort with favorable risk (2 lymphoma,
cervical cancer and melanoma) was typi-
cal for the used RT fields (although a de-

[+2 x ABVD] [+4 x ABVD]|

Fig. 1 < a Study de-
sign: following risk
stratification, patients
were randomly as-
signed to a regimen
containing ABVD che-
motherapy alone or ra-
diotherapy (alone or
combined). b Radio-
therapy fields applied
in the two risk cohorts:
target volumes were
the supradiaphragmat-
ic lymph node areas,
the spleen and the up-
per abdominal lymph
nodes. The RT fields in
the favorable group
were larger (lower bor-
der at L4) than in the
unfavorable risk co-
hort (L2)

tailed location of the lymphomas and the
melanoma were not given). Recent stud-
ies on patients with various cancers that
received high-dose radiation therapy re-
vealed a 2.2 % (dose-dependent) proba-
bility of developing a second cancer in the
irradiated field [19] and analyses of the
SEER registry revealed that an estimated
8% of SC developing in patients are attrib-
utable to radiation treatment for the origi-
nal cancer [20].

The unfavorable cohort treated with
ABVD alone in the NCIC HD.6 trial
showed higher rates of deaths by SC than
the corresponding favorable cohort (4
vs. 0) receiving ABVD alone in contrast
to other studies (with shorter follow ups)
[2, 21]. Unfortunately, the detailed num-
bers on how the 10 SC cases split in both
groups were not given in either the paper
or the supplement. Since chemotherapy
was applied with the same intensity (90%
of all ABVD-only patients, of both the fa-
vorable and unfavorable cohort, achieved
CR/uCR and received only 4xABVD),
this higher rate clearly indicates that sec-
ond cancer death is more likely associat-

ed with the presence of risk-factors in the
UEFR group and not with therapy itself.

Comments and conclusion

The HD.6 study is doubtless a well-con-
ducted and very important study of high-
est interest. Though, in our opinion, the
data workup and presentation in this pa-
per and the timing of the (early) final sta-
tistical analysis (5 new deaths were ob-
served from March 2010 to December
2010) can be questioned and the conclu-
sions drawn by the authors as well as by
David Straus [5] can be challenged.

One may as well conclude that it is un-
likely that radiotherapy is the predomi-
nant cause for the observed events in the
unfavorable-risk group. It rather appears
that age (risk factor > 39 years), paraneo-
plastic effects (a risk factor was increased
ESR, indicating some systemic effects) or
the interaction of ABVD with radiother-
apy may play more important roles. The
unexplained high risk for SC death af-
ter ABVD and ABVD/RT in HL patients
who are older than 40, have a high ESR,
or multiple involved locations should have
been highlighted in the paper.

Until the underlying causes are un-
derstood, patients with unfavorable risk
profile should be carefully advised about
these effects if large radiation treatment
fields and combined modality treatments
are needed, which in the era of improved
imaging-based staging may not be neces-
sary. Since the treatment modalities have
significantly changed over the years and
the outdated STNRT is replaced by high-
ly precise involved field or involved node-
radiotherapy, this study has to be read
and interpreted with caution. Moreover,
there should be awareness that the higher
cure rates justify the use of RT since most
second cancers are developing much lat-
er than the (prevented) local recurrenc-
es [10].

In summary, we suggest a potential al-
ternative conclusion:

Compared to ABVD alone, subto-
tal nodal radiotherapy alone (STNRT)
showed equivalent rates of overall surviv-
al, progression-free survival, second can-
cers and cardiac events in patients with
early stage HL and favorable risk pro-
file. The addition of ABVD to STNRT in-
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creased the risk of SC (and CE) consider-
ably as compared to STNRT alone despite
smaller RT volumes (lower borders: L2 vs.
L4) and more patients receiving less than
protocol radiation (9% vs. 3%) in the unfa-
vorable risk group (risk factors: >39 years,
ESR>50 mm/h, histology>3 sites). Based
on the well-known age-, dose- and vol-
ume-effect relationship for SC induction
after RT, the reasons for these counterin-
tuitive findings remain open to specula-
tion but may be more likely disease- than
therapy-associated.
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