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Purpose: To show that radiotherapy (RT) dose to the
noninvolved extended field (EF) can be reduced without
loss of efficacy in patients with early-stage Hodgkin’s
disease (HD).

Patients and Methods: During 1988 to 1994, patho-
logically staged patients with stage 1 or Il disease who
were without risk factors (large mediastinal mass, ex-
tranodal lesions, massive splenic disease, elevated eryth-
rocyte sedimentation rate, or three or more involved
areas) were recruited from various centers. All patients
received 40 Gy total fractionated dose to the involved
field areas but were randomly assigned to receive either
40 Gy (arm A) or 30 Gy (arm B) total fractionated dose for
the clinically noninvolved EF. No chemotherapy was
given. RT films were prospectively reviewed for protocol
violations and recurrences retrospectively related to the
applied RT.

Results: Of 382 recruited patients, 376 were eligible
for randomized comparison, 190 in arm A and 186 in
arm B. Complete remission was attained in 98% of
patients in each arm. With a median follow-up of 86

months, 7-year relapse-free survival (RFS) rates were
78% (arm A) and 83% (arm B) (P = .093). The upper
95% confidence limit for the possible inferiority of arm
B in RFS was 4%. Corresponding overall survival rates
were 91% (arm A) and 96% (arm B) (P = .16). The most
common causes of death (n = 27) were cardiorespira-
tory disease/pulmonary embolisms (seven), second
malignancy (six), and HD (five). Protocol violation was
associated with significantly poorer RFS. Nonirradiated
nodes were involved in 42 of 52 reviewed relapses,
infield areas in 18, marginal areas in 17, and extran-
odal sites in 16.

Conclusion: EF-RT alone attains good survival rates
in favorable early-stage HD. The 30-Gy dose is ade-
quate for clinically noninvolved areas. Protocol viola-
tion worsens the subsequent prognosis. Relapse pat-
terns suggest that systemic therapy can reduce the 20%
long-term relapse rate.
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may well enable relapsing patients to be successfully treatethdependent reviewers. The same study also suggested
with salvage therapy using conventional chemotherapydifferences in work-up quality and in relapse rates both
regimens. between various larger institutions and between smaller and
EF-RT as the sole treatment modality was in recent yearsarger institutions* Good results obtained in specialist RT
usually administered to a total dose of 40 Gy. This was dueenters have not always been maintained when the same
largely to Kaplan’s meta-analysis of data in the literature onprotocols are used more widely.
doses between 5 and 40 Gy, which showed a marked, Despite the aforementioned indirect evidence for a ben-
continuous reduction in recurrence rates up to 40 Gy, aboveficial effect of RT dose reduction, no prospective random-
which toxicity becomes excessiVeSubsequent dose-re ized study had been performed. Therefore, the German
sponse analyse€§;*? however, indicate a plateau in cure Hodgkin's Lymphoma Study Group (GHSG) planned a
rates beginning at approximately 30 Gy. Vijayakumar andmulticenter randomized controlled trial, HD4, to test
Myrianthopoulos® derived site-specific dose-response whether subclinical disease can be adequately controlled by
curves separately for subclinical disease, nonbulky clinicak total radiation dose of 30 Gy to the clinically noninvolved
disease, and bulky disease. These curves suggest a wigertions of the EF. Areas where tumor was detected by
plateau between 30 and 40 Gy for subclinical disease but alinical and/or obligatory pathologic staging methods were
steep fall-off in permanent control on reducing dosage fromirradiated with a total dose of 40 Gy. This strategy was
40 to 30 Gy for bulky disease, with nonbulky clinical compared with the standard treatment, in which 40 Gy was
disease intermediate between the two. applied uniformly to the entire extended field. The objective
Although acute side effects are no longer considered obf HD4 was to test the hypothesis that a dose reduction from
major concern with modern high-voltage irradiation tech-40 to 30 Gy in the noninvolved EF is possible without a
nigues, late sequelae such as second cancers, cardiac disnically relevant increase in the recurrence rate. An RT
ease, pulmonary toxicities, and hypothyroidism competereview panel was established to evaluate the quality of
with HD recurrence as causes of death and reduced qualityradiation in each patient and thus to allow irradiation
of life.*® Various reports have indicated that a dose reduc quality to be related to treatment outcome. Preliminary
tion from 40 Gy to, for example, 30 Gy might decrease theresults of HD4, with a median follow-up of 3.5 years, were
frequency and severity of late radiation toxicities. Thereported in 1998 the present account presents the defin
cumulative risk of secondary solid tumors, predominantlyitive analysis with 7 years median follow-up and observa-
of the lung, gastrointestinal tract, and female breast, seemt$on of approximately 80% of expected follow-up events.
to increase continuously even 10 to 20 years after treatment,
as demonstrated by pediatric trial resdft$® Although a PATIENTS AND METHODS
positive correlation between radiation dose and risk of late From 1988 to 1993, patients aged 15 to 75 years with untreated,
toxicity may be Suspected’ investigations pub“shed to datdiopsy-confirmed, clinical stage | and Il HD were pathologically staged

give varying results. For second solid tumors, a dose-risle laparotomy with splenectomy. Clinical staging included history of
. disease, physical examination, complete blood cell count, x-ray, com-

relatu_)nshlp_ at therapeutlc_ doses has been identified i ted tomography (CT), ultrasound, bone scan, and bone marrow
certain studie’¥ but not consistently. Two reports found late biopsy. Patients with disease that proved to be Ann Arbor pathologic
cardiac toxicities to be related to total mediastinal dds€,  stage | or II, with or without “B” symptoms, were enrolled onto the
whereas a third Study did not find any mediastinal doseHD4 trial if none of the following adverse prognostic factors were
effect, neither for cardiac nor pulmonary late effeds. present: mediastinal mass larger than one third of thorax diameter,
. L extranodal lesions, massive splenic involvement (ie, diffuse infiltration
Other studies of pulmonary tOX'C't'eS_ have shown '_“Pderat%r more than five focal lesions), erythrocyte sedimentation rate more
dose effects on pulmonary dysfuncti@?*but the clinical  than 50 mm/h without B symptoms or more than 30 mm/h with B
relevance is unclear. The relative importance of factors suckymptoms, or three or more involved nodal areas. The diagnosing
as daily fraction dose, total dose, and treated volume als@athologist was requested to send a paraffin block biopsy sample to the

remains uncertain. The incidence of hypothyroidism Waspathology review panel, who reclassified the case; in the event of a
' %l'agnosis other than HD, that case was removed from HDA4.

Sh‘?""” t_o be dpse-dependent_ in a large series of Stanfor Stratified randomization was performed at the GHSG coordination

University Medical Center patients. center in Cologne, Germany, on receipt of staging documentation and
Several studies have suggested that not only the quantityatient's written consent. Patients with supradiaphragmatic disease

but also the quality of irradiation is important for treatment were assigned to one stratum, those with infradiaphragmatic disease to

success and for the balance between efficacy and toxicity iff'¢ Other. Each patient was randomized onto arm A or arm B by
considering the balance between A and B patients in the patient’s

_HD'_ qu Instance, a p:?\tterns-of-care study in United Stat?%tratum and in the patient’s treatment center. The arm was assigned first
institutions revealed high local and overall relapse rates ing equalize the number of patients in each arm in the patient's stratum.

cases where inadequate coverage of disease was detectedibthe stratum arm numbers were already equal, then the arm was
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chosen to equalize the numbers per arm in the patient's center. If botRRadiologic Assessment of Relapses

these ratios were already in balance, then a coin was tossed. No The Radioth Review C inf d by the trial di
blinding was possible in this trial. e Radiotherapy Review Center was informed by the trial coordi-

Each patient's irradiation plan was drawn up by the RT referencealion center of any relapse. CT images were obtained and compared
center in Munich, Germany, based on the staging documentation anﬂfth _the P?T planning docufmﬁ:nts .a_n(;l_ Tc'imIUIat?r anq por: f"F“S to
assigned arm. Prerequisites included the use of megavoltage equisaSSify the recurrence as follows: infield local on site of primary
ment, large-field techniques, and pretreatment planning, includingdlsease (IFL), infield new on |rra_d|ated put prev!ously uninvolved site
simulation and repeated port film verification during therapy. Patients" ). outfield local on nonirradiated primary site (OFL; should not
in arm A received a total dose of 40 Gy to all involved and EF areas in€Xist), outfield new on noninvolved and nonirradiated site (OFN), and
single doses of 1.8 to 2.0 Gy over 4 to 6 weeks. In arm B irradiationmarginal recurrence on the radiation field boundaries, defined as
beyond 30 Gy Wés rest}icted to the involved fielld ' relapse arising at the steep dose decrease at the field margins (MR).

The EF for supradiaphragmatic disease compﬁsed a mantle field This assessment was retrospective in the sense that irradiation was

including all cervical, supraclavicular, infraclavicular, axillary, medi- evaluated in relation to the known relapse pattern.
astinal, and hilar lymph nodes, followed (after an interval of 3 to 4
weeks for bone marrow recovery) by irradiation of the para-aortic and
splenic pedicle nodes. The para-aortic—pedicle field was not irradiated The primary end point of the trial was RFS, defined as the time from
if initial disease was restricted to the upper cervical nodes. Waldeyer'sattainment of complete remission (CR) after completed HD4 therapy
lymphatic ring was included only if upper cervical nodes were until relapse or date of last information. RFS was not defined for those
involved. For infradiaphragmatic disease, an inverted-Y field wasfew patients who did not reach a CR. Secondary end points were CR
irradiated, covering the femoroinguinal, iliac, and paraaortic nodesrate and overall survival (OS; deaths from any cause count as events).
followed by a T field to the supraclavicular nodes and the mediastinum. The target recruitment for HD4 was approximately 360 patients over
The T field was not irradiated if initial disease was restricted to the4 years, which was calculated to provide a power of 80% to detect a
femoroinguinal nodes. difference in RFS of 10% to 15% at the 5% level of significance
Six weeks after completion of RT, a restaging examination was(one-sided test), given the expected RFS rate of approximately 80% in
performed with assessment of all initial sites of clinical disease usingthe standard arm A?
the techniques described under staging as appropriate. For patients in An intent-to-treat analysis was planned, including all randomized,
complete remission, follow-up examinations four times per year in thequalified patients who began therapy. Those patients who dropped out
first 2 years, three times per year in the third and fourth years, and twicgvithout beginning treatment were included in the overall results but not
per year thereafter were specified. If a recurrence of HD was detectedn the randomized comparison. Total doses as documented on the RT
a full staging was performed. For nodal relapse outside the initial RTforms were analyzed per arm to assess the extent to which the planned
volume, salvage RT was recommended. Otherwise, for late relapsegose reduction to 30 Gy was actually carried out.
(relapse-free survival [RFS} 12 months) salvage treatment with Survival data (RFS, OS) were analyzed using the Kaplan-Meier
cyclophosphamide, vincristine, procarbazine, prednisone/doxorubicinmethod and compared between treatment arms using the log-rank test.
bleomycin, vincristine, dacarbazine (COPP/ABVD) was recom- A multivariate analysis of RFS using Cox proportional hazards regres-
mended, and for early relapses a salvage chemotherapy regimen wa#n was also performed, including age, sex, histologic subtype, stage,
recommended, involving high-dose chemotherapy with autologousB symptoms, the international prognostic index for advanced?#D,
bone-marrow transplantation where feasfle. and RT PV as possible cofactors, together with treatment arm. For this
The pathology review panel of the GHSG, consisting of four purpose, only those PVs that reduced the amount, intensity, or
lymphoma specialists, retrospectively re-examined paraffin blocks ofadequacy of treatment (v, D—, Ds, T, designated relevant PVs) were
biopsy material to confirm the diagnosis of HD and to determine theconsidered. The aim of the multivariate analysis was to test for the

Statistics

histologic type. The panel aimed to review all cases. presence of prognostic factors, including the prognostic relevance of
PV, and to reassess the treatment arm comparison allowing for the
RT Quality Control effect of such factors.
All participating radiotherapists were required to send simulation RESULTS

and port verification films to the Radiotherapy Review Center in . .
Munich, where they were assessed by a panel of four experienced In total, 382 patients were randomized onto HD4. The

radiation oncologists. Images were evaluated with regard to fourPathology review panel, which has assessed 71% of all HD4
categories of protocol violation (PV) as follows: incomplete coverage cases, diagnosed a non-Hodgkin’s lymphoma (NHL) in-
of tumor or inadequate safety margin{Y, excessive coverage %),  stead of HD in four of these cases, resulting in retrospective
total dose less than 90% of_ p_rotocol(—[)), total dose more than 110% exclusion of these four cases from the trial, leaving 378
of protocol (D+), dose administered too slowly (Ds; 1.8 Gy/d or> - . . -
2 weeks delay during treatment to one volume>o# weeks interval qu"’_‘“ﬁed patients for the overall analysis. T\_NO qualified
between large fields), and technical deficiency (T; lack of megavoltagdd@tients were excluded from the arm comparisons because
equipment or large-field method). they did not begin HD4 treatment: one suffered HD pro-
Each panelist decided on the presence or absence of PV within ea(‘@ression before radiation could begin (2 weeks after ran-
category. The overall result for a given patient was designated PV fordomization), and the other refused all HD4 treatment (he

those categories (if any) in which at least three of the four panelists

voted for a PV. This assessment was prospective in the sense that ﬁ{ecelved involved-field irradiation). Thus 376 patients, 190

took place without knowledge of treatment results or remissionin arm A and 186 in arm B, were available for arm
duration. comparisons. Contact was lost with two of the arm A
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el Table 1. Patient Characteristics (percentage of cases with nonmissing

recrl‘:lited dam)
n=382
Arm A, % Arm B, %
e/igibilit; P! » Review histology not HD: n=4 (n =190) (n =18¢)
Fefracte
Age
e [GUERALL RS < 20 years 7 N
Progression before starting 20-30 years 33 36
treatment n=1 < ZZZiZ;ZZHﬁOn 30_40 yeGrS 3] 26
Pt refused HD4 treatment: n=1 ¢ 40-50 years 15 15
- CCMERATERE] o0 years 12 10
T e 60-70 years 2 3
Sex
Female 37 39
Lost (moved Pt. decided to stop Male 63 61
abroad): n=1 i purty :ﬁ;’;"ez's‘fo: l Reference histology (available
withdrew consent, Radio- Radio- for 71 %)
lost contact: n=1 4| therapy therapy LP 15 14
NS1 37 41
NS2 6 9
Restaging Restaging MC 30 26
n=188 n=185 D _ _
e |« Il ot UC [HD) 3 4
HD? 10 6
CR: =185 ‘ ‘ CR:n=182 t Karnofsky (available for 96%)
68 1 1
. . 9-10 99 99
Fig 1. Flowchart of the HD4 trial. International prognosiic score
(available for 76%)
0 23 24
. . 1 53 52
patients during therapy (one moved abroad and another 2 2 19
refused further participation): the exclusion of these patients 3 4 3 5
had only a negligible effect 1%) on the CR rate, and due Stage
to lack of follow-up made no contribution to OS and RFS 1A 47 44
rates. One arm B patient decided to stop treatment and Iater'BA 42 5;
experienced disease progression; he was counted as 4s 9 3

progression under treatment. This information is listed as &
flowchart in Fig 1. NOTE. .Da.’ra were complete except whe.re indicated. .
. . . Abbreviations: LP, lymphocyte predominant; NS, nodular sclerosing; MC,

Overall, the median patient age at randomization was 32,4 cellularity; LD, lymphocyte depleted; UC, unclassified.
years; 62% of patients were male. At histologic review,
15% of the reviewed cases were lymphocyte predominant,
47% nodular sclerosing, 28% mixed cellularity, and none
were lymphocyte depleted; the remaining 10% wereMantle—para-aortic RT; pericardia during mantle field RT,
unclassified or HD could not be definitely confirmed. @nd skeletal disease (os sacrum) after mantle—para-aortic
Almost all patients were in good general condition (99% RT. There were 41 relapses in arm A and 29 in arm B,
had Karnofsky status of 9 or 10). Stages | and Il wereOCcurring up to 8 years after treatment.
almost equally frequent, and B symptoms were rare (5%). To date, at a median observation time of 86 months, 27
Patient characteristics were well balanced between treadeaths have been recorded (Table 3 lists causes of death).
ment arms (Table 1). Only five patients, all in arm A, died of HD. One died of

Nearly all patients (98% in each arm) attained a CR at thecomplications of laparotomy, but there were no other
end of HD4 protocol treatment, with partial remission in onefirst-line acute toxicity deaths. Two patients experienced
patient in each arm (Table 2). Progression during orfatal acute salvage toxicity. Six patients died from second
immediately after treatment was seen in two arm A patientgnalignancies (leukemia, one patient; NHL, two patients;
and three arm B patients (1.3% overall). Progression ocsolid tumors, two patients; unspecified, one patient), four
curred as follows: cervical nodes during mantle field RT,died from cardiopulmonary-related causes (cardiomyopa-
inguinal nodes after mantle field RT, iliac nodes afterthy, one patient; myocardial infarction, one patient; decom-
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Table 2. Treatment Outcome The frequency distribution of documented total dose to
Arm A Arm B the noninvolved EF in each treatment arm is listed in Table
n = 190) n = 18¢) 5 for supradiaphragmatic and infradiaphragmatic fields
No. of Patients * No. of Patients * separately. One patient without RT documentation was
End of therapy excluded from this analysis. In total, 28 patients received no
R 185 78 182 98 supradiaphragmatic RT and 31 received no infradiaphrag-
:ZrRo ; = : ; <]2 matic RT, correctly in each case, because the initial disease
NA 2 <1 _ _ was restricted to the inguinal or upper cervical nodes,
Relapses 41 22 29 16 respectively. Further, four patients incorrectly went without
Deaths (all) 17 9 10 5 supradiaphragmatic RT and 27 without infradiaphragmatic
Abbreviations: PR, partial remission; Pro, progression; NA, not assessed. RT, because of the patients’ wishes in most cases. There

were 19 such cases in arm A and 12 in arm B. The
distribution of total dose is described for all patients with
ocumented irradiation to the corresponding field. For

ensated heart failure, one patient; unspecified, one atientz, ) . i
an three died from pulmosary emboligms P upradiaphragmatic fields, the documented dose was within

; 0 .
The incidence of acute radiation toxicity in each treat- = 2 Gy of the planned dose in 95% of cases in each arm,

0 : .
ment arm is listed in Table 4. World Health Organization and only 4% of arm B patients received 32 Gy or more

grades 3 to 4 were rare (at most, 4% of patients) with thesupradiaphragmatically. In the infradiaphragmatic field,

0, i i 0,
exception of nausea (5% in each arm). No significant13/°, ofdarm A3 OngentshreceNZ(j/ Ie?s tha; 3?, th (6%
differences between the two treatment arms were seen. celved circa y), whereas 3% of arm B patients were

the possible late sequelae, only the secondary malignanciédr{ad'ated with 32 Gy or more. Four arm B patients received

were reliably documented. Three patients with leukemias, (:Ses Iesst éhan 20 G)tlh bec"’;!lsi of 'd;fease progression,
four with NHL, and eight with solid tumors and one n ercurren. |se§se, or the patien S Wish.

unspecified malignancy were reported, eight in each arm, in For all trial patients, the overall survival rate at 7 years
4.3% of all patients. Of these maligna’ncies one leukem’iaafterrecruitment was 93% (95% confidence interval, 91% to

N . ) ) .
one NHL, and one breast cancer occurred after relapngf))' ITFS Ior a![I trlaIS%i/negtSso/m CI?dat comfletloln;;];/
therapy (four chemotherapy cycles in each case); the rgorotocoltreatment was 6 (95% confidence interval, 0

0 N .
maining cases occurred in continuous CR. Secondary soli&O 84%). No S'%n'f'cf:r?t dn;f?r:ence bgtwge:] ﬂl]:? trezatmgr;t.
tumors were localized as follows (with type of first-line arms was seen for either of these end points (Figs 2 and 3);

RT): two malignant melanomas on the back (mantle—para—bom rates were slightly higher in the reduced-dose arf B (

aortic), two breast cancers (mantle), one lung adenocarci- 093 for'RFS;P = 16 for OS). .
Information on salvage therapy for first relapse was

noma (mantle), one gastric carcinoma (mantle—para-aortic),

one carcinoma of the colon descendens (mantle—paraqva"able for all 70 relapsing patients; 53 (76%) received

aortic), and one astrocytoma (mantle—para-aortic). COPP/A,BVD or E,i similar chgmotherapy; nine r?ce"’e_d
bleomycin, etoposide, doxorubicin, cyclophosphamide, vin-
cristine, procarbazine, prednisone, five had radiation alone,
and three were given COPP. Overall survival of all relaps-
ing patients, measured from time of relapse, was 82% at 5
Arm A Arm B years, without a significant difference between treatment

Table 3. Causes of Death (number of cases)

=170 =189 arms P = .23; data not shown).

'L";mbmy oty f _ None of the patient or disease characteristics tested
Acute salvage foxicity 9 N showed a significant association with RFS in multivariate
Second malignancy* 2 4 analysis. However, the presence of a relevant PV signifi-
Cardiopulmonary/lung embolism?t 4 3 cantly increased the risk of relaps® (= .0087). The
Other illness 1 2 treatment arm effect was nonsignificant in the Cox regres-
ls\l‘j;dde/ accident : _] sion P = .15), in agreement with the univariate Kaplan-
Al deaths 17 1 Meier analysis reported above.

‘Leukfen;iq (n = 1), non-Hodgkin’s lymphoma (n = 2), solid tumors (n = 2), RT Quality Control
unspecified (n = 1).

Til)_ung em{)oho (rz = 3), cardiomyopathy (n = 1), myocardial infarction (n = The Radiotherapy Review Center was able to assess the
1), decompensated heart deficiency (n = 1), unspecified (n = 1). RT treatment films of 368 (98%) of 376 randomized
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Table 4. Acute First-Line Radiation Toxicity According to WHO Grade

Arm A* (%) Arm Bt (%)

1 2 3 4 1 2 3 4
Leukopenia 12 4 — — 10 5 1 —
Thrombopenia 3 — — — 1 — — —
Anemia 3 1 — — 3 — — —
Infection 3 3 1 — 1 3 — —
Skin 30 16 4 1 35 15 1 —
Pharynx 29 15 2 — 33 8 1 —
Larynx 18 3 — — 23 3 — —
Nausea 43 13 8 1 42 16 9 —
Esophagus 24 8 1 1 25 8 — —
Lung 3 1 — 1 3 — — —
Heart — 1 — — — — — —
Pericardia 1 1 — — 1 — — —
Stomach 11 5 3 — 13 35 1 —
Kidney 1 — — — 1 — — —
L'Hermitte 1 1 — — — — — —

NOTE. Cases without any documentation of acute toxicity (n = 72) were excluded.

Abbreviation: WHO, World Health Organization.
*Cases included, 158; cases excluded, 32.
tCases included, 146; cases excluded, 40.

patients. Thirty-seven percent of patients had at least oneach was 1%). No significant differences in PV frequencies
PV. Table 6 shows the frequency of PVs per treatment armbetween arms were observed.

Category V- (incomplete coverage of tumor or inadequate Relevant PV (\\, D—, Ds, T) was associated with a
safety margin) was by far the most frequent, with 29% andsignificantly lower RFS (Fig 4) of 72% at 7 years, compared
28% in the 40-Gy arm and 30-Gy arm, respectively.with 84% for patients without such a P¥ = .0043). Note
Prolonged administration (Ds, overall frequency 6%), inad-that only patients attaining a CR are included for RFS, so
equate dose (B, overall frequency 5%), and technical patients incurring a PV because of adverse disease course,
deficiency (T, overall frequency 4%) followed; too large a which would bias the comparison, were not included.

volume or dose was rare (v, D+, overall frequency of

Table 5. Total Given Radiation Dose to the Noninvolved EF as

Documented
Arm A (n = 190) Arm B (n = 18¢)
Supra Infra Supra Infra
RT not planned fo this field, n 15 17 13 14
RT planned but not given, n* 3 16 1 11
Included in dose analysis, n 171 156 172 161
Total given dose, % of patients
10-19 Gy — — 2 <1
20-28 Gy - 1 <1 -
29-31 Gy 1 6 94 96
32-38 Gy 4 5 2 2
39-41 Gy 95 88 2 1
> 42 Gy <1 — — —

NOTE. One patient without RT documentation was excluded. Percentages
refer to all patients receiving documented radiation to the respective field
(supradiaphragmatic or infradiaphragmatic), as detailed in the upper part of
the table.

*Patient’s wish was the most common reason given for not irradiating

prescribed fields.

Radiologic Assessment of Relapse

As of May 2000, CT images from 52 of the 70 reported
relapsed patients had been evaluated. Figure 5 describes the
location of 47 relapses among patients with primary supra-
diaphragmatic disease and five among those with primary
infradiaphragmatic disease. All patients with infradiaphrag-
matic disease experienced relapse in supradiaphragmatic
nodal sites, one also in the lung, and one also in infradia-
phragmatic sites. The majority of patients with supradia-
phragmatic disease had recurrence in infradiaphragmatic
nodes (n= 27); 18 of these were solely infradiaphragmatic
nodal relapses and seven also had involved supradiaphrag-
matic nodes. There were a smaller number of pure supra-
diaphragmatic relapses ¢ 8). Overall, 16 of the patients
experienced relapses involving extranodal organs, the most
common being the lung (& 8) and the liver (n= 5).

Table 7 describes the frequencies of types of relapse sites
in each arm with respect to primary involvement and
radiation field (note that each relapse may be counted in
one category). Most frequent were new outfield (OFN) sites
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Table 6. PVs as Prospectively Assessed by the Radiotherapy Review

100%
] Center
1 Arm B Arm A, % Arm B, %
80% (n = 190) (n =18¢)
Technical (T) 2 6
0% 1 Arm A Volume too large (V+) 2 1
7] Volume too small (V—) 29 28
Dose too large (D+) — 2
0% 1 Dose too small (D—) 6 5
°] Dosage too slow (Ds) 5 6
logrank: p=0.093 Any protocol violation 38 37
> 20%: NOTE. A total of 183 of 190 cases in arm A and 186 of 186 cases in arm
% 1 B were assessed (98% overall). Each case may be counted in more than one PV
-g ] category.
o 0%
0 1 2 3 4 5 6 7 8 9 10 11 12
RFS (years) least 7 years. These results reflect the effectiveness of

EF-RT alone as a first-line modality as well as the effec-
Fig 2. RFS in each treatment arm, including all eligible, randomized . f | th f tient h . d
patients who attained a CR under protocol therapy (arm A, n = 185; arm B, Iveness of salvage therapy tor patents who experlle.nce
n=182). relapse, who had more than an 80% chance of surviving 5
or more years through salvage treatment with a COPP/
o ) ) ABVD-like regimen in the majority of cases. These results
(71 sites in 42 patients), then marginal (MR) relapses (3Q.qmpare well with those obtained by other groups using
sites in 17 patients). Recurrences within the radiation fieldep_RT in similar patient&2%3 Further, EF-RT causes little
(IFN, 16 sites in nine patients; IFL, 10 sites in nine patients)seyere acute toxicity. The observed second cancer rate of
were less common. The treatment arms do not seem to show 3o, with 7 years median follow-up was moderate but is
different patterns of relapse. expected to increase because of late solid turtbts.
DISCUSSION . The 7-year RFS rate .in HD4 was lower than the 89%.seen
) ) in the parallel GHSG trial HD5 for stage | to 11IA HD with
'EF-RT alone for pathologic stage | and Il HD patients (i factors?2 in which four chemotherapy cycles preceded
without adverse prognostic factors was able, in the multi-..oqiation. However. HD4 was superior to HD5 with
center setting of the HD4 trial, to induce a CR in 98% of respect to CR rate (HD5, 91%) and 7-year OS rate (HD5
patients, 80% of whom remained free of recurrence for abo%)_ The more durable remissions obtained with com-

100%

Arm A ) no PV
80% 1
1 80%

PV

60% | 60% |

40% A 40% 4

logrank: p=0.16 logrank: p=0.0043

> 20%] £ 2%
g™ :
©
8 ] g ol
o 0% o 1 2 3 4 & 6 T & 9 10 1 12

0 1 2 3 4 5 6 7 8 9 10 11 12

RFS (years)
OS (years)
Fig 4. RFS according to presence (n = 127) or absence (n = 242) of a
Fig 3. OS in each treatment arm, including all eligible, randomized relevant RT PV. Relevant PVs are defined in Patients and Methods, under
patients (arm A, n = 190; arm B, n = 186). Statistics.
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INFRA we assume that the imbalance in HD deaths was due to
SUPRA chance.
INFRA Furthermore, the intended dose reduction to 30 Gy in the
noninvolved field was actually achieved in the great major-

ity of cases: only 4% of arm B patients received a dose of
‘VA 32 Gy or more, whereas just 6% of arm A patients received
less than 32 Gy (Table 5). The observed equivalence is
’ therefore not due to a blurring of the distinction between the

ORGAN ORGAN assigned dose levels. However, it must be remembered that
Fie 5. Svoradiaoh c nodal. infradiach < nodal and the trial was not blind—the possibility cannot be excluded
e ﬁ::g"[’f :g";::cr 2 2] bone ln ='°§?'§:§e";a‘:r’°:?[n°;ggf that either the treating clinician or the patient in arm B,
pericardia [n = 2], pleura [n = 1]) at relapse, separately for patients with being aware of the reduced dose, consciously or uncon-
prin'iary' disease as suprudifxphragmuﬁc (left, n = 47) and infradiaphrag- sciously compensated by, for instance, more careful radio-
mtic {right, n = ), respectively. therapeutic technique, wider field margins, or more regular
or thorough follow-up examinations. With respect to radi-
ation technique, comparison of the number of PVs in each
bined modality must be set against the greater difficulty ofarm revealed no consistent or relevant differences between
salvage treatment and greater toxicity. The higher rate ofne treatment arms. In particular, inadequate field volumes
patients who experienced incomplete responses in HD5 i§ere seen in 29% of patients in arm A and in 28% of
presumably due to the unfavorable nature of disease (Pregsatients in arm B, and excessive field volumes were seen in
ence of adverse prognostic factors) in the HD5 cohort. 504 and 1% of patients, respectively. With respect to
The treatment arm comparison results suggest that 30 Gy|jq\y-up, differences here would not influence RFS.
in the clinically noninvolved EF is equivalent in efficacy o \yhat is the clinical significance of this result? It is

_40 Gy. The 95% confidence interval for the true differenceplausible that a 10 Gy dose reduction in the noninvolved EF
in 7-year RFS between t_he _30_ Gy and 40 Gy SChemeghould reduce the burden of acute and late toxicities
extends from—4% to 14%, indicating a worst-case value of

SUPRA

4% inferiority due o the d ducti Thi It associated with radiation. No reduction in acute toxicities,
o Inierionty due 1o the dose reduction. This TESUt Was, \ion are in any case relatively minor, could be demon-

confirmed by a multivariate analysis in which the effect of o
. . y strated in this trial. Of greater relevance are the late sequelae
prognostic factors and PVs were considered. Similarly, OS . . .
. . such as second cancers, cardiorespiratory disease, pulmo-
seems to be at least equivalent with the 30 Gy scheme. The

number of deaths not directly attributable to HD was Rary toxicity, and thyroid effects; all of which have been

approximately equal in both arms (Table 3), but all deathsclearly related to irradiation .|n HD patients. Regrettably,
. . assessment and documentation of late effects in HD4 were
attributable to HD (n= 5) or to acute salvage toxicity (&

2) occurred in the 40 Gy arm. No plausible explanationmadequate for a reliable analysis because of incomplete

could be found for this imbalance: because it seems unlikel ata. However, as described in the introduction, correlation

that 30 Gy could achieve better tumor control than 40 Gy, etween mudence.and rad|§t!gn dose has been inferred
elsewhere for certain late toxicities.

The review and assessment of RT simulation and verifi-
cation films led to identification of prognostically relevant

Table 7. Relapse Sites in Relation to Initial Di d Field Irradiated : : ; .
amle £ Teldpse Sties n Teldlion 1o illdl Tisease and hield fracia PV in a considerable proportion of cases. The multicenter

mZTA — nature of the trial should be taken into account when

(n = 190) (n = 186) assessing this result. The proportion of patients with PV
L o 3 varied considerably between participating centers, with
IEN 6 3 statistically significant differences in this proportion be-
OFL 1 0 tween the 10 centers that contributed 10 or more cd3es (
OFN 26 16 .005). However, no association between PV frequency and
MR 3 5 type of center could be discerned. Information on the nature,
Total assessed 33 19 . ) .
All relapses 41 29 frequency, and prognostic relevance of PV is provided back

to participating radiotherapists at annual GHSG meetings,

given type (according to reference radiotherapy panel up until May 2000). thus forming a quality control cycle with the potential to
Each relapse case may be counted in more than one category. improve standards and treatment outcome.

NOTE. Data represent number of patients with at least one relapse site of the
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Treatment strategies for favorable early-stage HD havecontrol of subclinical disease is thus delegated to chemo-
evolved considerably since HD4, although EF-RT alone istherapy, whereas irradiation (supported by chemotherapy)
still regarded as standard in some institutions. A majorcontrols clinical disease. The observed relapse pattern in
influence has been the availability of less toxic chemotherHD4 (Fig 5) emphasizes an advantage of this strategy:
apy regimens and the improvement in noninvasive staginghemotherapy is effective against the many outfield and
techniques. This has led to abandonment of laparotomgxtranodal recurrences that lie outside the range of EF
staging in most centers, coupled with the insertion of limitedradiation. Further, because the drugs are also active in
chemotherapy before radiation. The additional systemidnvolved areas, the radiation dose to involved areas may
therapy is designed to control undetected abdominal disalso be reduced from the previous 40-Gy standard.
ease. A large reduction in the risk of recurrence has been In the GHSG, these developments are apparent in the
demonstrated, even with minimal chemother@gthough  successor trials for favorable early-stage HD. In HD7
no improvement in OS has been demonstrated. Salvage hyecruitment 1994-1998), clinically staged patients were
conventional chemotherapy such as COPP/ABVD or bleotreated with EF-RT as in HD4, according to randomization
mycin, etoposide, doxorubicin, cyclophosphamide, vincris-with or without the insertion of two ABVD cycles before
tine, procarbazine, and prednisone is highly effective aftelRT. Interim analyse¥ have already demonstrated a werth
first-line radiation alone, as our present results show, but hawhile improvement in failure-free survival without a rele-
not yet been accurately assessed after a combined-modalitsant increase in acute toxicity. Patients in the radiation-
strategy. Also important is the additional late toxicity owing alone arm of HD7, however, fared slightly worse than those
to the chemotherapy, although the hope is, by choice of an HD4, presumably because of the lack of laparotomy
mild regimen and low doses, to keep this toxicity to astaging and consequently the presence of some untreated
minimum. This strategy is particularly attractive if radiation occult abdominal disease. In the current trial (HD10), all
is limited to the involved field, which leads to a marked patients receive chemotherapy (two or four cycles of
reduction in irradiated volume in these early-stage patient?ABVD) and only involved-field RT is given to a dose of 30
and thus to a potential toxicity benefit. Essentially, the  or 20 Gy3®

REFERENCES

1. Tubiana M, Henry-Amar M, Carde P, et al: Towards comprehen- 8. Specht L, Gray RG, Clarke MJ, et al for the International
sive management tailored to prognostic factors of patients with clinicalHodgkin's Disease Collaborative Group: Influence of more extensive
stages | and Il in Hodgkin's disease: The EORTC lymphoma groupradiotherapy and adjuvant chemotherapy on long-term outcome of

controlled clinical trials 1964-87. Blood 73:47-56, 1998 early-stage Hodgkin's disease: A meta-analysis of 23 randomized trials
2. Carde P, Burgers JM, Henry-Amar M, et al: Clinical stages | andinvolving 3,888 patients. J Clin Oncol 16:830-843, 1998
Il Hodgkin's disease: A specifically tailored therapy according to

9. Kaplan H: Evidence for a tumoricidal dose level in the radiother-
prognostic factors. J Clin Oncol 12:239-252, 1988 P

3. Loeffler M, Pfreundschuh M, Rl U, et al: Risk factor adapted apy of Hodgkin's disease. Cancer Res 26:1221-1224, 1966

treatment of Hodgkin's lymphoma: Strategies and perspectives. Recent 10. FIecher G_H' Shukovsky LJ: The interplay of rad.locurablhty and
Results Cancer Res 117:142-162. 1989 tolerance in the irradiation of human cancers. J Radiol Electrol Med

4. Jones E, Mauch P: Limited radiation therapy for selected patient§\ucl 56:383-400, 1975
with stages IA and IIA Hodgkin’s disease. Semin Radiat Oncol 11. Vijayakumar S, Myrianthopoulos L: An updated dose-response
6:162-171, 1996 analysis in Hodgkin’s disease. Radiother Oncol 24:1-13, 1992

5. Biti GP, Cimino G, Cartoni C, et al: Extended-field radiotherapy ~ 12. Mendenhall NP, Rodrique LL, Moore-Higgs GJ, et al: The
is superior to MOPP chemotherapy for the treatment of pathologicoptimal dose of radiation in Hodgkin's disease: Analysis of factors
stage I-IIA Hodgkin’s disease: Eight-year update of an Italian prospec-affecting in-field disease control. Int J Radiation Oncol Biol Phys
tive randomized study. J Clin Oncol 10:378-382, 1992 44:551-561, 1999.

6. Noordijk E, Carde P, Hagenbeek A, et al: Combination of 13. Hancock SL, Hoppe RT: Long-term complications of treatment
radiotherapy and chemotherapy is advisable in all patients with clinicaland causes of mortality after Hodgkin’s disease. Semin Radiat Oncol
stage I-Il Hodgkin's disease: Six-year results of the EORTC-GPMC6:225-243, 1996
controlled clinical trials ‘H7-VF’, ‘H7-F' and H7-U'. Int J Radiat 14. Henry-Amar M: Second cancer after the treatment for
Oncol Biol Phys 39:173, 1997 (abstr) Hodgkin's disease: A report from the International Database on

7. Horning SJ, Hoppe RT, Mason J, et al: Stanford-Kaiser Perma-Hodgkin’s Disease. Ann Oncol 3:5117-S128, 1992 (suppl 4)
nente G1 study for clinical stage | to IIA Hodgkin’s disease: Subtotal 15. Van Leeuwen FE, Klokman WJ, van't Veer MB, et al: Long-
lymphoid irradiation versus vinblastine, methotrexate and bleomy-term risk of second malignancy in survivors of Hodgkin's disease
cinchemotherapy and regional irradiation. J Clin Oncol 15:1736-1744 treated during adolescence or young adulthood. J Clin Oncol 18:487-
1997 497, 2000

Downloaded from www.jco.org at UNIVERSITAETSKLINIKUM LEIPZIG on May 10, 2005 .
Copyright © 2001 by the American Society of Clinical Oncology. All rights reserved.



2914 DUHMKE ET AL

16. Ghatia S, Robison L, Oberlin O, et al: Breast cancer and other 27. Freedman LS: Tables of the number of patients required in
second neoplasms after childhood Hodgkin's disease. N Engl J Medlinical trials using the logrank test. Stat Med 1:121-129, 1982
334:745-751, 1996 28. Hasenclever D, Diehl V: A prognostic score for advanced

17. Zinzani PL, Gherlinzoni F, Piovaccari G, et al: Cardiac injury as Hodgkin's disease: The International Prognostic Factors Project on
late toxicity of mediastinal radiation therapy for Hodgkin's disease Advanced Hodgkin's Disease. N Engl J Med 339:1506-1514, 1998
patients. Haematologica 81:132-137, 1996 29. Zanzini M, Viviani S, Santoro A, et al: Extended-field radio-

18. Hancock SL, Tucker MA, Hoppe RT: Factors affecting late therapy in favorable stages IA-IIA Hodgkin's disease (prognostic role
mortality from heart disease after treatment of Hodgkin's disease.of stage). Int J Radiat Oncol Biol Phys 30:813-819, 1994
JAMA 270:1949-1955, 1993 30. Noordijk EM, Carde P, Mandard A-M, et al: Preliminary results

19. Lund MB, Kongerud J, Boe J, et al: Cardiopulmonary sequelaeof the EORTC-GPMC controlled clinical trial H7 in early stage
after treatment of Hodgkin's disease: Increased risk in females. AnrHodgkin’s disease. Ann Oncol 5:5107-112, 1994 (suppl 2)

Oncol 7:257-264, 1996 31. Carde P, Noordijk EM, Hagenbeek R, et al: EBVP chemother-

20. Dubray B, Nenry-Amar M, Meerwaldt JH, et al: Radiation- apy + irradiation provides event-free survival superior to subtotal
induced lung damage after thoracic irradiation for Hodgkin’s disease:nodal irradiation in favorable clinical stage I-1l Hodgkin's disease, but
The role of fractionation. Radiother Oncol 36:211-217, 1995 inferior to MOPP-ABV + irradiation in unfavorable cases: The

21. Hassink EA, Souren TS, Boersma LJ, et al: Pulmonary morbid-EORTC-GMPC H7 randomised trials. Leuk Lymphoma 29, 1998
ity 10-18 years after irradiation for Hodgkin’s disease. Eur J Cancer(suppl 1, abstr O-6)
29A:343-347, 1993 32. Sieber M, Rueffer U, Tesch H, et al: Rapidly alternating

22. Hancock SL, Cox RS, McDougall IR: Thyroid diseases after COPP+ABV +IMEP (CAl) is equally effective as alternating
treatment of Hodgkin's disease. N Engl J Med 325:599-605, 1991 COPP+ABVD (CA) for Hodgkin's disease: Final results of two

23. Kinzie JJ, Hanks GE, MacLean CJ, et al: Patterns of care studyrandomised trials for intermediate (HD5 protocol) and advanced (HD6
Hodgkin's disease relapse rates and adequacy of portals. Cancerotocol) stages. Leuk Lymphoma 29, 1998 (suppl 1, abstr P-93)
52:2223-2226, 1983 33. Loeffler M, Diehl V, Pfreundschuh M, et al: Dose response

24. Hanks GE, Kinzie JJ, White RL, et al: Patterns of care studyrelationship of complementary radiotherapy following four cycles of
outcome studies: Results of the national practice in Hodgkin's diseasecombination chemotherapy in intermediate stage Hodgkin's disease:
Cancer 51:569-573, 1983 The German Hodgkin’'s Lymphoma Study Group. J Clin Oncol

25. Dthmke E, Diehl V, Loeffler M, et al: Randomised trial with  15:2275-2287, 1997
early-stage Hodgkin's disease testing 30 Gy vs 40 Gy extended field 34. Tesch H, Sieber J, War JU, et al: Two cycles ABVD plus
radiotherapy alone. Int J Radiation Oncol Biol Phys 36:305-310, 1996radiotherapy is more effective than radiotherapy alone in early stage

26. Schmitz N, Sextro M, Pfistner B, et al: HD-R1: High-dose HD: Results of the HD7 trial of the GHSG. Ann Oncol 10, 1999 (suppl
therapy (HDT) followed by hematopoietic stem cell transplantation 3, abstr 249)

(HSCT) for relapsed chemosensitive Hodgkin's disease (HD): Final 35. Sieber M, Engert A, Diehl V: Treatment of Hodgkin's disease:
results of a randomized GHSG and EBMT trial (HD-R1). Proc Am Soc Results and current concepts of the German Hodgkin’s Disease Study
Clin Oncol 18:2a, 1999 (abstr 5) Group. Ann Oncol 11:S81-S85, 2000 (suppl 1)

Downloaded from www.jco.org at UNIVERSITAETSKLINIKUM LEIPZIG on May 10, 2005 .
Copyright © 2001 by the American Society of Clinical Oncology. All rights reserved.



