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Summary:

This study evaluated delivery of involved field radio-
therapy (IFRT) with transplantation for lymphomas timed
to minimise toxicity. Patients transplanted for lymphoma
had infradiaphragmatic disease irradiated pre-transplant
and supradiaphragmatic disease post transplant. A total
of 31 patients were studied, with a median follow-up
duration of 4 years. Transplant conditioning was accord-
ing to clinician preference. In all, 14 patients had pre-
transplant abdominopelvic IFRT and 19 had post
transplant IFRT (including three who had pre-transplant
IFRT). Grade III–IV haematological toxicity from pre-
transplant IFRT occurred in three patients and from post
transplant IFRT in 10 patients. Pre-transplant IFRT had
no effect on haematological recovery post transplant, but
was associated with a trend towards increased gastro-
intestinal toxicity (P¼ 0.094). Pneumonitis due to post
transplant thoracic IFRT occurred in one patient. Two
patients failed in involved sites after completion of
protocol radiotherapy. One case of myelodysplasia has
been reported. As sequenced in this study, IFRT was
feasible and produced a low incidence of severe pulmonary
and haematological toxicities. Patient selection, field size
and radiotherapy dose warrant further study.
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High-dose chemotherapy (HDT), supported by auto-
logous stem cell transplantation (AuSCT), is widely used
for patients with relapsed non-Hodgkin’s lymphoma
(NHL) and Hodgkin’s disease (HD).1 A number of avenues
have been explored in an attempt to improve the results of
transplantation, including the use of alternative salvage
chemotherapy regimens, intensification of transplant con-
ditioning, improved supportive care, stem cell purging and
the addition of biological therapies.

Involved field radiotherapy (IFRT) is often used in con-
junction with HDT and AuSCT, based on the observation
that relapse commonly occurs at sites of prior disease in-
volvement, and that the incidence of relapse in these sites
may be reduced by the addition of radiotherapy.2 Although
no completed randomised trial has examined the impact
of IFRT added to HDT and AuSCT, several retrospective
series have indicated improved outcomes with this strategy.3–11

Important concerns regarding the use of IFRT are its
potential toxicity and the logistical constraints in integrat-
ing radiotherapy with the overall transplant programme.12

Two notable forms of toxicity are pneumonitis and
haematological toxicity. Some, but not all authors suggest
that pneumonitis appears to be more common when
thoracic IFRT immediately precedes HDT, whereas
haematological toxicity may occur when large infradia-
phragmatic volumes are irradiated following AuSCT.5,13–17

We hypothesised that it might be possible to limit the
incidence of severe toxicities by administering infradiaph-
ragmatic IFRT prior to HDT to minimise the impact on
haematopoietic recovery following AuSCT and giving
supradiaphragmatic IFRT post transplant to reduce the
risk of pneumonitis. The main aims of this study were to
assess the toxicity and feasibility of integrating pre- and/or
post transplant IFRT in a multicentre setting, and to
examine the pattern of failure following protocol treatment.
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Patients and methods

Eligibility

This was a prospective, nonrandomised, multicentre pilot
study. Patients were considered for the study if they either
had persistent disease following first-line therapy or if they
had relapsed after a prior complete remission (CR) for
histologically confirmed HD or NHL, and were planned for
HDT and AuSCT. Patients were considered eligible for the
study if they were aged between 16 and 64 years and had an
ECOG performance status p2. Patients were excluded if
they had prior IFRT to the involved site, known
disseminated liver, lung or central nervous system involve-
ment, mesenteric involvement requiring lateral radio-
therapy fields, or any medical condition leading to an
unacceptable risk from protocol treatment. Protocol
eligibility was assessed jointly by the transplant clinician
and radiation oncologist. All patients were registered on
study prior to receiving protocol radiotherapy. The study
was approved by the institutional ethics committees of all
participating centres, and all patients provided written
informed consent.

Transplantation

The management of the stem cell harvest, cyto-
reduction chemotherapy and HDT was according to the
policy of the transplant clinician/institution. Cytoreduc-
tion chemotherapy was defined as chemotherapy given with
the aim of reducing the tumour burden and/or
testing chemotherapy-responsiveness prior to a planned
HDT.

Radiotherapy

The intent was to irradiate all nodal (and contiguous
extranodal) sites of relapsed or progressive disease, even if
they achieved a CR following cytoreduction chemotherapy.
Radiotherapy was limited to involved sites; however, if
such radiotherapy fields were separated by 15 cm or less,
they could be incorporated into a continuous volume. The
volumes to be irradiated were based on sites of involvement
prior to cytoreduction chemotherapy, with longitudinal
field margins of 3–5 cm and radial margins of 1–2 cm. The
protocol recommended a dose of 26Gy in 13 fractions, at
five fractions per week (dose modification was allowed at
the discretion of the individual investigator). It was
recommended that radiotherapy of the heart, lungs
and spinal cord be limited wherever possible, providing
known sites of disease were not shielded. All treatment was
given on a linear accelerator with an energy of 6MV or
greater.

Infradiaphragmatic disease sites were irradiated prior to
HDT but only after recovery from cytoreduction che-
motherapy (if given), and confirmation of an adequate stem
cell harvest. Patients proceeded to HDT therapy at least 1
week after completion of radiotherapy, and following
resolution of radiotherapy-related toxicity. Supradiaphrag-
matic disease sites were irradiated as soon as practicable
following recovery from AuSCT, generally by week 8 after

stem cell infusion. If significant post transplant toxicity
occurred, post transplant IFRT could be deferred, modified
or omitted if it was felt to pose an unacceptable risk. If
supradiaphragmatic disease progression occurred during
the immediate peritransplant period, patients could remain
on study if the site of progression could still be
encompassed in an acceptable involved field. Radiotherapy
quality assurance assessment consisted of review of
information provided on data forms and review of radio-
therapy prescription forms and diagrams of radiotherapy
fields.

Patients were reviewed weekly during IFRT for clinical
toxicity assessment and performance of full blood counts.
Recommended modifications of radiotherapy for toxicity
were indicated in the protocol. Patients were monitored
according to institutional policy during and following
AuSCT, and the occurrence of toxicity was recorded
according to the National Cancer Institute Common
Toxicity Criteria version 2 which incorporates RTOG
toxicity criteria.18 The overall response to cytoreduction
chemotherapy and to the transplant/IFRT programme was
classified as: CR – all clinical/radiological abnormalities
resolved; CR (unconfirmed) minor residua consistent
with fibrosis; partial response (PR) – 50% reduction in
maximum tumour dimensions; minor response-reduction in
tumour but less than PR; no change – no appreciable
change in tumour dimensions. Subsequently, the date and
sites of disease progression, the occurrence of second
malignancy and myelodysplasia and the date and cause of
death were recorded.

Statistical methods

All patients were followed to the close-out date. Overall
survival and time to progression have been measured from
the date of commencement of protocol treatment, that is,
the date of commencement of infradiaphragmatic radio-
therapy if given, or the date of commencement of
transplant conditioning. Survival has been measured to
the earlier of the date of death (no matter what the cause)
and the close-out date, and has been censored for patients
still alive at the close-out date. Time to progression has
been measured to the earlier of the date of progre-
ssion/relapse and the close-out date, and has been
censored for patients who died progression-free and those
who were alive, progression-free at the close-out date.
Survival curves have been estimated using the Kaplan–
Meier method.

Times to engraftment were compared using the Pitman
exact test where there was no censoring, or the exact
log-rank test where patients died before counts had
recovered.19 One-sided tests were used for comparing
patients with and without pre-transplant IFRT on the
assumption that the times to engraftment would be
increased by pre-transplant IFRT. For the major
summary statistics, 95% confidence intervals (95% CI)
have been reported. No adjustments have been made
for multiple comparisons. Statistical analyses were
carried out using StatXact, SPSS and S-PLUS statistical
software.19–21
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Results

Patient characteristics

In all, 31 patients were enrolled over 3 years at five centres
in the Australian states of Victoria, New South Wales and
South Australia. Table 1 details patient characteristics at
the time of disease progression prior to AuSCT. Note that
histology prior to AuSCT differed from that at diagnosis in
two patients. The histology at diagnosis was HD (12),
indolent NHL (five) and aggressive NHL (14), WHO
classification. The disease stage at diagnosis was I (three), II
(14), III (seven), and IV (seven). All patients had either
failed to achieve a CR with first-line therapy (primary
failure, n¼ 14) or relapsed after first-line therapy (relapse,
n¼ 17). Of the 14 patients with primary treatment failure,
four had progressive disease during therapy and 10 failed
to achieve CR following first-line therapy. Evidence of
treatment failure prior to entry into the transplant protocol
was: positive biopsy (17), unequivocal tumour enlargement
(six), positive functional imaging (five) or residual clinical
radiological abnormalities inconsistent with a CR or CR
(unconfirmed) (three). The median number of lines of
chemotherapy prior to pre-transplant cytoreduction
chemotherapy was 1 (range: 1–5). First-line therapy was
cyclophosphamide, adriamycin, vincristine and predniso-
lone or variant (18), adriamycin, bleomycin, vinblastine,
dacarbazine (10), cyclophosphamide, vincristine and
prednisolone or variant (two) and chlorambucil (one).
One patient had received radiotherapy as part of prior
treatment.

Treatment at progression

In all, 27 patients received one to two cytoreduction
chemotherapy regimens prior to their transplant. Four
patients with primary failure did not receive salvage
chemotherapy. Regimens used were: dexamethasone,
cytarabine, cis- (or carbo-) platin (nine), etoposide,
cytarabine, cisplatin (five), BCNU/etoposide/cytarabine/
melphalan (mini-BEAM) variants (three), ifosfamide-based
(three), other (10). Of these patients, 16 showed a response:
CR or CRu (five), PR (10) and minor response (one). Four
patients had stable disease and in seven cases response was
not formally assessed.

High-dose chemotherapy regimens were BEAM (14),
cyclophosphamide, BCNU, etoposide (CBV) (six), busul-
phan, etoposide, cyclophosphamide (four), lomustine,
cytarabine, cyclophosphamide, etoposide (two), busulphan,
melphalan (two), total body irradiation (TBI), cyclo-
phosphamide, etoposide (one) and BCNU, etoposide,
melphalan (one). One patient progressed in distant sites
during infradiaphragmatic radiotherapy and did not
proceed to transplantation.

Details of radiotherapy

In all, 14 patients had radiotherapy to the abdomen and/or
pelvis prior to their transplant (Table 2). Three of these also
subsequently received supradiaphragmatic IFRT following
AuSCT. All patients with follicular lymphoma (FL) had
radiotherapy only to subdiaphragmatic sites. The median
dose (range) to lymph node fields was 30Gy (21–39.6Gy)
with only one patient receiving less than 26Gy and one
patient in excess of 30Gy. If subdiaphragmatic fields are
described in terms of a standard inverted-Y field, 10
patients had one limb of the inverted-Y, one patient had
two limbs and three patients had a full inverted-Y. One
patient did not complete radiotherapy because of disease
progression in distant sites. The median time from the end
of pre-transplant IFRT to the commencement of HDT was
2.7 weeks (range 0.9–8.3 weeks).

Supradiaphragmatic radiation was given in 19 patients,
three of whom had also received pre-transplant subdia-
phragmatic IFRT. In all, 10 of 11 patients with HD
received supradiaphragmatic radiotherapy. The median
time from stem cell infusion to commencement of IFRT
was 8 weeks (4.1–14.9 weeks). The median dose was 26Gy
(range: 7.5–33Gy). Two patients received less than 26Gy
and nine patients received 30Gy or more. One patient had
IFRT to the mediastinum alone, three to the neck and/or
axilla alone and 15 patients had IFRT to the neck and/or
axilla plus mediastinum. For one patient, the transplant
clinician elected to withhold radiotherapy after the patient
was registered on study.

Acute radiotherapy-related toxicity

There were no radiotherapy-related deaths. Grade III–IV
radiotherapy-related toxicity occurred in four of 14 patients
who had pre-transplant subdiaphragmatic radiotherapy
and 11 of 19 who had post transplant supradiaphragmatic
radiation (Table 3). Two of the three cases with grade III

Table 1 Characteristics of patients at progression prior to

transplant

Total

Total cases 31

Histology
Hodgkin’s diseasea 11
Non-Hodgkin’s lymphoma 20
Diffuse large B cell 13
Mantle cell 1
Burkitt’s lymphoma 1
T-cell (Lennert’s lymphoma) 1
Follicular (grade I/II) 4

Median age (range) 46 (18–66)

Relapse stageb

I 4
II 20
III 4
IV 3

B-symptoms present 7
Bulk disease present 11
LDH elevated 11
Median time to first chemotherapy
failure (months)

3.4 (0.2–71)

Regimens of chemotherapy prior
to salvage therapy: median (range)

1 (1–5)

Previous radiotherapy given 1

aSeven nodular sclerosis, four mixed cellularity.
bStage based on disease extent at the time of progression leading to the
transplant.
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anaemia following supradiaphragmatic radiation had grade
II anaemia at the time of commencing radiotherapy. Three
patients needed treatment to be interrupted or suspended
because of toxicity. Treatment interruption occurred in
one case due to thrombocytopenia (grade III), and radio-
therapy was ceased prematurely in two cases due to nausea
and vomiting/weight loss (grade III) and thrombocytopenia
(grade III). There was no apparent relationship between the
occurrence of grade III–IV toxicity and the IFRT field size
as reflected in number of limbs of the inverted-Y or the
inclusion of the mediastinum. Only one patient developed
pneumonitis (grade III) following supradiaphragmatic
radiation. This patient had conditioning with lomustine,
etoposide, ara-C and cyclophosphamide and had radio-
therapy fields including the mediastinum and axilla.

Post transplant toxicity

Post transplant gastrointestinal toxicity, and the time to
haemopoietic recovery were assessed. Recombinant human
granulocyte colony stimulating factor was used from the
day following stem cell infusion in 76% of cases. For the
groups that did and did not receive pre-transplant
abdomino pelvic IFRT, the median times to a neutrophil
count 40.5� 109/l were 10 and 13 days, respectively
(P¼ 0.97), and the median times to a platelet count
420� 109/l were 14 and 16 days, respectively (P¼ 0.83).
The incidence of grade III–IV gastrointestinal toxicity was
31% for patients who had pre-transplant IFRT (three

patients with grade III and one patient with grade IV) and 6
% for patients who did not (one patient with grade III)
(P¼ 0.094). Conditioning regimens used for the four
patients with grade III–IV GIT toxicity were BEAM (1)
and CBV (3). There was no apparent relation between the
number of limbs of the inverted-Y irradiated and the
occurrence of GIT toxicity post transplant.

Late toxicity

At the time of analysis one case of myelodysplasia had been
diagnosed 2.7 years following transplant. This patient’s
prior treatment included cyclophosphamide, mitozantrone,
vincristine, prednisolone, etoposide, ara-C and cisplatin
and BEAM conditioning with radiotherapy to para-aortic
nodes, neck and axilla. No case of acute myeloid leukaemia
or solid tumour had been diagnosed. Other late toxicities
that have been reported included persistent pulmonary
symptoms in six patients at nine or 12 months (grade I: 5,
grade II: 1).

Survival and time to progression

The duration of follow-up from the date of commencement
of protocol treatment to the close-out date ranged from 2.7
to 5.4 years with a median of 4.0 years. In all, 10 patients
died before the close-out date. Causes of death were
progressive disease in nine patients and transplant-related
toxicity (sepsis) in one. An estimated 74% (95% CI 56–
87%) of patients survived 1 year following commencement
of protocol treatment and 71% (95% CI 53–84%) survived
3 years. A total of 12 patients experienced disease
progression before the close-out date. An estimated 73%
(95% CI 55–86%) of patients were progression-free 1 year
following commencement of protocol treatment and 67%
(95% CI 48–81%) at 3 years.

Sites of disease failure

Four patients had a component of failure within or
adjacent to the planned irradiated fields, in one case solely
in a prior site of disease. One patient progressed during the
interval between AuSCT and the commencement of IFRT.
This patient had bilateral cervical lymphadenopathy, and
achieved a CR to cytoreduction chemotherapy in this area
prior to AuSCT. The relapse occurred in the neck shortly
before the planned commencement of neck irradiation.
Following radiotherapy this site achieved a CR, but the
patient subsequently relapsed in a distant site. Another

Table 2 Radiotherapy administration according to histology and area irradiated

Histology Total Subdiaphragmatic Supradiaphragmatic Botha nil

n n Median dose Gy (range) n Median dose Gy (range) n n

Aggressive NHL 16 6 30 (21–39.6) 7 26 (26–30) 2 1
FL 4 4 30 (30–31.2) 0 NA 0 0
HD 11 1 27 9 26 (7.5–33) 1 0

NHL¼ non-Hodgkin’s lymphoma; FL¼ follicular lymphoma; HD¼Hodgkin’s disease; NA¼not applicable.
aSubdiaphragmatic and supradiaphragmatic radiotherapy administered.

Table 3 Incidence of grade III and IV radiotherapy-related

toxicities

III IV % Grade III or IV (%)

Pre-AuSCT subdiaphragmatic IFRT (n¼ 14)a
Neutropenia 1 1 14
Thrombocytopenia 1 0 7
Raised bilirubin 1 0 7

Post-AuSCT supradiaphragmatic IFRT (n¼ 19)b
Neutropenia 4 0 21
Thrombocytopenia 3 0 16
Anaemia 3 0 16
Pneumonitis 1 0 5
Nausea 1 0 5
Fatigue/lethargy 3 0 16

aFour patients had one grade III or IV toxicity.
bFour patients had two grade III toxicities. A total of 11 patients (58% of
19) had at least one grade III toxicity.
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patient relapsed in the lung adjacent to a site of bulky
mediastinal disease, with possible lung involvement prior to
the transplant. Only two patients clearly failed within an
irradiated field following completion of planned radio-
therapy. Both patients had primary refractory HD and
minimal or no response to cytoreduction chemotherapy,
and relapsed in sites receiving doses of 26 and 30Gy. In all,
11 patients had a component of failure in distant sites, and
in eight cases relapse was confined to distant sites. Five
patients failed in out-of-field nodal sites, one on the same
side of the diaphragm, three on the opposite side of the
diaphragm and one on both sides of the diaphragm. No
patient relapsed solely in an unirradiated lymph node
group adjacent to the irradiated field. Eight patients failed
in extranodal sites – two with HD in contiguous lung, and
six with NHL in distant extranodal sites. The time of
relapse was during infradiaphragmatic radiation (1), in the
interval between AuSCT and planned post transplant
radiotherapy (1), and after completion of all protocol
therapy (10).

Discussion

Several lines of evidence support the use of IFRT with
AuSCT for lymphomas:2,22–24 (1) relapse following AuSCT
most commonly occurs at sites of prior disease involvement
in HD, aggressive NHL and follicular NHL,3,6,14,15,25–29

(2) relapse of lymphoma appears to be less common in sites
receiving IFRT following AuSCT for HD and
NHL,3,6,8,15,30 (3) radiotherapy alone can salvage 25–50%
of selected patients with HD after failure of initial
chemotherapy,31–42 (4) in series with short follow-up, IFRT
has been reported to salvage some transplant failures
for both HD and NHL17,27,43 and (5) several retro-
spective series have demonstrated improved failure-free
survival with the addition of IFRT to AuSCT for HD and
NHL.3–8,11 In two studies, the improvement in progression-
free survival associated with the use of IFRT was
significant on multivariate analysis.9,10 Furthermore, in a
recent report from the US Autologous Blood and Marrow
Transplant Registry, multivariate analysis demonstrated
that patients who received radiotherapy experienced a
reduced relative risk of death.11

Nonetheless, the optimal method and timing of IFRT
with AuSCT remains to be defined. The potential
advantages of pre-transplant IFRT are a reduction in
haematological toxicity, avoidance of irradiating bone
marrow containing recently infused stem cells and addi-
tional debulking prior to HDT. The potential advantages
of post transplant IFRT are the potential to reduce the
risks of pneumonitis, veno-occlusive disease (VOD) and
gastrointestinal toxicity, no delay in delivering HDT, and
the ability to tailor the radiotherapy dose according to the
response to the transplant.2,12 The present study is the first
to prospectively evaluate the feasibility and toxicity of a
flexible strategy that integrates IFRT at potentially the
most favourable time to minimise toxicity – that is, pre-
and/or post transplant, according to the region being
irradiated. We have shown this strategy to be feasible in
a multicentre setting. Only two patients were unable to

complete planned radiotherapy, and only two others
required a treatment interruption due to toxicity. The
median interval between pre-transplant IFRT and trans-
plantation was 2.7 weeks, and only one case of systemic
progression occurred between the commencement of pre-
transplant IFRT and AuSCT.

It is recognised that the delivery of post transplant IFRT
may be limited by the development of cytopenias.9,17,44–46

Lumbar and pelvic radiotherapy in particular produces the
greatest marrow insult, and it is difficult to irradiate large
infradiaphragmatic volumes following transplantation
because of limiting haematological toxicity.17 In a recent
prospective trial in which IFRT was to be given post
transplant, approximately one-quarter of transplanted
patients did not receive IFRT due to haematological
toxicity.46 In our study, the haematological toxicity of
pre-transplant IFRT was less frequent than that of post
transplant IFRT, despite the former generally encompass-
ing larger areas of active marrow in the lumbar spine and
pelvis, and no patient had to cease pre-transplant radio-
therapy due to toxicity.

A concern is the potential for pre-transplant abdominal
radiotherapy to increase the risk of post transplant
gastrointestinal toxicity. Although cases of VOD, enteritis
and gastritis have been reported when transplantation has
been preceded by abdominal radiotherapy, it is not clear
whether the incidence is greater than in nonirradiated
patients.5,6,8,14,15 We compared the incidence of grade III–
IV gastrointestinal toxicity in patients who received pre-
transplant IFRT and those who did not, and found a trend
to a higher rate of toxicity. However, due to the small
number of events, this observation needs to be evaluated in
a larger cohort of patients. Overall, our data suggest that it
may be preferable to give large-field infradiaphragmatic
radiotherapy prior to transplantation. Pre-transplant radia-
tion should be given after cytoreduction chemotherapy and
after progenitor cell harvest is complete, to minimise
adverse effects on bone marrow reserve.

It is uncertain whether the delivery of IFRT prior to
autologous transplantation is the primary risk factor for
the development of pneumonitis. Putative risk factors
identified to date include the administration of thoracic
radiotherapy within 3 months prior to HDT, radiotherapy
doses exceeding 30Gy and the type and dose of
chemotherapy utilised in the HDT regimen (ie carmustine,
etoposide, melphalan).5,13–16,47–49 There is pre-clinical evi-
dence that the sequence of chemotherapy and thoracic
radiotherapy may be important in determining the risk of
pneumonitis, which may be lower when IFRT follows
chemotherapy rather than the reverse.50–52 Taken together,
we elected in our trial, to administer supradiaphragmatic
IFRT following the AuSCT and not to stipulate the
conditioning regimen used. In our series, pneumonitis was
uncommon after post transplant mediastinal IFRT, and
fatal or severe pneumonitis was not observed.

A number of other late toxicities have been reported
following IFRT and AuSCT, including myelodysplasia/
leukaemia, solid tumours and unpredictable spinal cord or
cardiac injury.12,53,54 Although IFRT has been considered a
risk factor for myelodysplasia, transplant conditioning
regimens and the extent of prior treatment may also be
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factors.12,55 It is also unclear whether the timing of IFRT is
important, and whether TBI confers a different risk to
IFRT. To date, one case of myelodysplasia has been
reported in the present study, but longer follow-up is
needed to determine the incidence of second malignancy.

An exploratory analysis of pattern of failure was
undertaken. In most reports, when radiotherapy has not
been used, local failure occurred as a component of the
majority of relapses following AuSCT. In the present
study, local failure occurred in only four of 12 cases of
progression, and in only two did this occur after comple-
tion of protocol radiotherapy. These local failures were
associated with primary refractory disease, unresponsive to
cytoreduction chemotherapy. The protocol recommended a
dose of 26Gy, based on the dose used in the Parma
study and with the aim of minimising the risk of
radiotherapy toxicity.6 This dose was in fact exceeded for
several patients, based on the clinical judgement of
individual clinicians. Radiotherapy dose–response data in
the relapse setting are difficult to interpret given the
heterogeneity of most series. Data from studies of first-
line therapy suggest that the optimal dose of IFRT depends
on histology, disease bulk and the response to chemother-
apy, and it is reasonable to assume that patients undergoing
AuSCT with bulky or refractory disease require higher
radiotherapy doses to achieve local control.56–58 The
optimal dose of IFRT with AuSCT requires study in larger
series of patients.

The optimal irradiated volume is also uncertain. Some
investigators have used total nodal radiotherapy prior to
AuSCT for HD, on the assumption that any nodal site is at
risk of relapse.23 In the Parma study, IFRT was given to
sites of disease greater than 5 cm.6 However, in that study,
unirradiated patients with nonbulky relapse (ie less than
5 cm) had a preponderance of failures occurring in sites of
prior disease, providing a rationale for including nonbulky
disease sites within the IFRT field. Relapses may also occur
at sites that were not involved prior to transplantation, but
were involved at a previous relapse or at diagnosis.8 In
another study, it is suggested that adjacent uninvolved sites
are at risk of failure when involved fields are strictly
confined to known sites of HD in a transplant setting.59 In
the present series, we found that relapse in adjacent sites
occurred in the lung in the presence of extensive mediastinal
disease, but we found no cases of isolated adjacent nodal
failure.

This was a pilot study intended in part to establish the
safety of IFRT, and patients are likely to have been selected
on the basis of perceived need for radiotherapy. No log of
potential study candidates was maintained, so is not
possible to establish a denominator for the study popula-
tion, or to assess the degree of selection for the study.
Hence, outcomes such as freedom from progression and
survival must be interpreted with caution due to possible
unrecognised selection biases.

This series is one of only a few detailed prospective
studies of the incorporation of IFRT with AuSCT for
lymphomas, and is the first to report flexible timing of
IFRT delivery to minimise toxicity. Our data demonstrate
that this is a well-tolerated approach and in Australia
a larger prospective study has been initiated evaluating

in-field control rates and pattern of failure following
AuSCT using this IFRT strategy.

Acknowledgements

The authors would like to thank the clinicians and data
managers in the participating centres for their contribution
and Cathy Faull for secretarial assistance.

References

1 Armitage JO. Bone marrow transplantation. N Engl J Med
1994; 330: 827–838.

2 Wadhwa P, Shina DC, Schenkein D, Lazarus HM. Should
involved-field radiation therapy be used as an adjunct to
lymphoma autotransplantation? Bone Marrow Transplant
2002; 29: 183–189.

3 Mundt AJ, Sibley G, Williams S et al. Patterns of failure
following high-dose chemotherapy and autologous bone
marrow transplantation with involved field radiotherapy for
relapsed/refractory Hodgkin’s disease. Int J Radiat Oncol Biol
Phys 1995; 33: 261–270.

4 Rapoport AP, Rowe JM, Kouides PA et al. One hundred
autotransplants for relapsed or refractory Hodgkin’s disease
and lymphoma: value of pretransplant disease status for
predicting outcome. J Clin Oncol 1993; 11: 2351–2361.

5 Crump M, Smith AM, Brandwein J et al. High-dose etoposide
and melphalan, and autologous bone marrow transplantation
for patients with advanced Hodgkin’s disease: importance of
disease status at transplant. J Clin Oncol 1993; 11: 704–711.

6 Philip T, Guglielmi C, Hagenbeek A et al. Autologous bone
marrow transplantation as compared with salvage chemo-
therapy in relapses of chemotherapy-sensitive non-Hodgkin’s
lymphoma. N Engl J Med 1995; 333: 1540–1545.

7 Constine L, Brassachio R, Rapaport A, Rowe J. Radiotherapy
to previously involved sites after autotransplantation for
lymphoma and Hodgkin’s disease. Proc Am Soc Clin Oncol
1995; 14: 394.

8 Poen JC, Hoppe RT, Horning SJ. High-dose therapy and
autologous bone marrow transplantation for relapsed/refrac-
tory Hodgkin’s disease: the impact of involved field radio-
therapy on patterns of failure and survival. Int J Radiat Oncol
Biol Phys 1996; 36: 3–12.

9 Fouillard L, Laporte JP, Labopin M et al. Autologous stem-
cell transplantation for non-Hodgkin’s lymphomas: the role of
graft purging and radiotherapy posttransplantation-results of
a retrospective analysis on 120 patients autografted in a single
institution. J Clin Oncol 1998; 16: 2803–2816.

10 Lancet JE, Rapoport AP, Brasacchio R et al. Autotransplan-
tation for relapsed or refractory Hodgkin’s disease: long-term
follow-up and analysis of prognostic factors. Bone Marrow
Transplant 1998; 22: 265–271.

11 Vose JM, Zhang MJ, Rowlings PA et al. Autologous
transplantation for diffuse aggressive non-Hodgkin’s lym-
phoma in patients never achieving remission: a report from
the Autologous Blood and Marrow Transplant Registry.
J Clin Oncol 2001; 19: 406–413.

12 Friedberg JW, Neuberg D, Monson E et al. The impact of
external beam radiation therapy prior to autologous bone
marrow transplantation in patients with non-Hodgkin’s
lymphoma. Biol Blood Marrow Transplant 2001; 7: 446–453.

13 Weaver CH, Appelbaum FR, Petersen FB et al. High-dose
cyclophosphamide, carmustine, and etoposide followed by
autologous bone marrow transplantation in patients with

Involved field radiotherapy and transplantation
A Wirth et al

296

Bone Marrow Transplantation



lymphoid malignancies who have received dose-limiting radia-
tion therapy. J Clin Oncol 1993; 11: 1329–1335.

14 Yahalom J, Gulati SC, Toia M et al. Accelerated hyperfrac-
tionated total-lymphoid irradiation, high-dose chemotherapy,
and autologous bone marrow transplantation for refractory
and relapsing patients with Hodgkin’s disease. J Clin Oncol
1993; 11: 1062–1070.

15 Pezner RD, Nademanee A, Niland JC et al. Involved field
radiation therapy for Hodgkin’s disease autologous bone
marrow transplantation regimens. Radiother Oncol 1995; 34:
23–29.

16 Reece DE, Barnett MJ, Connors JM et al. Intensive
chemotherapy with cyclophosphamide, carmustine, and etopo-
side followed by autologous bone marrow transplantation for
relapsed Hodgkin’s disease. J Clin Oncol 1991; 9: 1871–1879.

17 Price A, Cunningham D, Horwich A, Brada M. Haemato-
logical toxicity of radiotherapy following high-dose chemo-
therapy and autologous bone marrow transplantation in
patients with recurrent Hodgkin’s disease. Eur J Cancer
1994; 30A: 903–907.

18 National Cancer Institute. National Cancer Institute Common
Toxicity Criteria Version 2.0, Publish Date April 30, 1999.
Available for download from http://ctep.cancer.gov.reporting/
ctc.html.

19 CYTEL Software Corporation. StatXact 5.0.3. CYTEL Soft-
ware Corporation, Cambridge, MA, 2001.

20 SPSS Inc. SPSS for Windows 11.0.1. SPSS Inc., Chicago, IL,
2001.

21 MathSoft Inc. S-PLUS 2000. MathSoft, Inc., Seattle, WA,
1999.

22 Yahalom J. Integrating radiotherapy into bone marrow
transplantation programs for Hodgkin’s disease. Int J Radiat
Oncol Biol Phys 1995; 33: 525–528.

23 Yahalom J. High-dose chemotherapy and radiotherapy with
bone marrow transplantation in the management of the non-
hodgkin’s lymphomas. Semin Radiat Oncol 1995; 5: 316–330.

24 Hoppe RT. Radiation therapy as a component of high-dose
salvage strategies in Hodgkin’s disease. Ann Oncol 1998; 9

(Suppl 5): S87–S90.
25 Philip T, Armitage JO, Spitzer G et al. High-dose therapy and

autologous bone marrow transplantation after failure of
conventional chemotherapy in adults with intermediate-grade
or high-grade non-Hodgkin’s lymphoma. N Engl J Med 1987;
316: 1493–1498.

26 Freedman AS, Takvorian T, Anderson KC et al. Autologous
bone marrow transplantation in B-cell non-Hodgkin’s lym-
phoma: very low treatment-related mortality in 100 patients in
sensitive relapse. J Clin Oncol 1990; 8: 784–791.

27 Petersen FB, Appelbaum FR, Hill R et al. Autologous marrow
transplantation for malignant lymphoma: a report of 101 cases
from Seattle. J Clin Oncol 1990; 8: 638–647.

28 Freedman AS, Neuberg D, Mauch P et al. Long-term follow-
up of autologous bone marrow transplantation in patients with
relapsed follicular lymphoma. Blood 1999; 94: 3325–3333.

29 Apostolidis J, Foran JM, Johnson PW et al. Patterns of
outcome following recurrence after myeloablative therapy
with autologous bone marrow transplantation for follicular
lymphoma. J Clin Oncol 1999; 17: 216–221.

30 Reece DE, Connors JM, Spinelli JJ et al. Intensive therapy
with cyclophosphamide, carmustine, etoposide +/� cisplatin,
and autologous bone marrow transplantation for Hodgkin’s
disease in first relapse after combination chemotherapy. Blood
1994; 83: 1193–1199.

31 Roach III M, Kapp DS, Rosenberg SA, Hoppe RT. Radio-
therapy with curative intent: an option in selected patients
relapsing after chemotherapy for advanced Hodgkin’s disease.
J Clin Oncol 1987; 5: 550–555.

32 Kirkove C, Timothy AR. Radiotherapy as salvage treatment
in patients with Hodgkin’s disease or non-Hodgkin’s lym-
phoma relapsing after initial chemotherapy. Hematol Oncol
1991; 9: 163–167.

33 Lohri A, Barnett M, Fairey RN et al. Outcome of treatment of
first relapse of Hodgkin’s disease after primary chemotherapy:
identification of risk factors from the British Columbia
experience 1970 to 1988. Blood 1991; 77: 2292–2298.

34 Brada M, Eeles R, Ashley S et al. Salvage radiotherapy in
recurrent Hodgkin’s disease. Ann Oncol 1992; 3: 131–135.

35 Leigh BR, Fox KA, Mack CF et al. Radiation therapy salvage
of Hodgkin’s disease following chemotherapy failure. Int J
Radiat Oncol Biol Phys 1993; 27: 855–862.

36 Uematsu M, Tarbell NJ, Silver B et al. Wide-field radiation
therapy with or without chemotherapy for patients with
Hodgkin disease in relapse after initial combination chemo-
therapy. Cancer 1993; 72: 207–212.

37 Pezner RD, Lipsett JA, Vora N, Forman SJ. Radical radio-
therapy as salvage treatment for relapse of Hodgkin’s disease
initially treated by chemotherapy alone: prognostic signifi-
cance of the disease-free interval. Int J Radiat Oncol Biol Phys
1994; 30: 965–970.

38 Diehl LF, Thompson J, Andejeski Y. Salvage radiotherapy
following chemotherapy failure in Hodgkin’s disease. Proc Am
Soc Clin Oncol 1994; 13: 390.

39 MacMillan CH, Bessell EM. The effectiveness of radiotherapy
for localized relapse in patients with Hodgkin’s disease (IIB–
IVB) who obtained a complete response with chemotherapy
alone as initial treatment. Clin Oncol (R Coll Radiol ) 1994; 6:
147–150.

40 O’Brien PC, Parnis FX. Salvage radiotherapy following
chemotherapy failure in Hodgkin’s disease – what is its role?
Acta Oncol 1995; 34: 99–104.

41 Wirth A, Corry J, Laidlaw C et al. Salvage radiotherapy for
Hodgkin’s disease following chemotherapy failure. Int J Radiat
Oncol Biol Phys 1997; 39: 599–607.

42 Josting A, Rueffer U, Franklin J et al. Prognostic factors and
treatment outcome in primary progressive Hodgkin lympho-
ma: a report from the German Hodgkin Lymphoma Study
Group. Blood 2000; 96: 1280–1286.

43 Vose JM, Bierman PJ, Anderson JR et al. Progressive disease
after high-dose therapy and autologous transplantation for
lymphoid malignancy: clinical course and patient follow-up.
Blood 1992; 80: 2142–2148.

44 Toren A, Nagler R, Nagler A. Involved field radiation post
autologous stem cell transplantation in lymphoma patients is
associated with major haematological toxicities. Med Oncol
1998; 15: 113–118.

45 Abrams RA, Liu PJ, Ambinder RF et al. Hodgkin and non-
Hodgkin lymphoma: local-regional radiation therapy after
bone marrow transplantation. Radiology 1997; 203: 865–870.

46 Kaiser U, Uebelacker I, Abel U et al. Randomized study to
evaluate the use of high-dose therapy as part of primary
treatment for ‘aggressive’ lymphoma. J Clin Oncol 2002; 20:
4413–4419.

47 Tsang RW, Gospodarowicz MK, Sutcliffe SB et al. Thoracic
radiation therapy before autologous bone marrow transplan-
tation in relapsed or refractory Hodgkin’s disease. PMH
Lymphoma Group, and the Toronto Autologous BMT
Group. Eur J Cancer 1999; 35: 73–78.

48 Chadha M, Shank B, Fuks Z et al. Improved survival of poor
prognosis diffuse histiocytic (large cell) lymphoma managed
with sequential induction chemotherapy, ‘boost’ radiation
therapy, and autologous bone marrow transplantation. Int J
Radiat Oncol Biol Phys 1988; 14: 407–415.

49 Dawson LA, Saito NG, Ratanatharathorn V et al. Phase I study
of involved-field radiotherapy preceding autologous stem cell

Involved field radiotherapy and transplantation
A Wirth et al

297

Bone Marrow Transplantation



transplantation for patients with high-risk lymphoma or
Hodgkin’s disease. Int J Radiat Oncol Biol Phys 2004; 59:
208–218.

50 von der Maase H, Overgaard J, Vaeth M. Effect of cancer
chemotherapeutic drugs on radiation-induced lung damage in
mice. Radiother Oncol 1986; 5: 245–257.

51 Yan R, Peters LJ, Travis EL. Cyclophosphamide 24 hours
before or after total body irradiation: effects on lung and bone
marrow. Radiother Oncol 1991; 21: 149–156.

52 Theuws JC, Muller SH, Seppenwoolde Y et al. Effect of
radiotherapy and chemotherapy on pulmonary function after
treatment for breast cancer and lymphoma: a follow-up study.
J Clin Oncol 1999; 17: 3091–3100.

53 Sureda A, Arranz R, Iriondo A et al. Autologous stem-cell
transplantation for Hodgkin’s disease: results and prognostic
factors in 494 patients from the Grupo Espanol de Linfomas/
Transplante Autologo de Medula Osea Spanish Cooperative
Group. J Clin Oncol 2001; 19: 1395–1404.

54 Chao MW, Wirth A, Ryan G et al. Radiation myelopathy
following transplantation and radiotherapy for non-Hodgkin’s
lymphoma. Int J Radiat Oncol Biol Phys 1998; 41: 1057–1061.

55 Krishnan A, Bhatia S, Slovak ML et al. Predictors of therapy-
related leukemia and myelodysplasia following autologous
transplantation for lymphoma: an assessment of risk factors.
Blood 2000; 95: 1588–1593.

56 Brincker H, Bentzen SM. A re-analysis of available dose-
response and time–dose data in Hodgkin’s disease. Radiother
Oncol 1994; 30: 227–230.

57 Wilder RB, Tucker SL, Ha CS et al. Dose–response
analysis for radiotherapy delivered to patients with inter-
mediate-grade and large-cell immunoblastic lymphomas
that have completely responded to CHOP-based induction
chemotherapy. Int J Radiat Oncol Biol Phys 2001; 49:
17–22.

58 Wilder RB, Rodriguez MA, Tucker SL et al. Radiation
therapy after a partial response to CHOP chemotherapy for
aggressive lymphomas. Int J Radiat Oncol Biol Phys 2001; 50:
743–749.

59 Mundt AJ, Connell PP, Mansur DB. What is the optimal
treatment volume in Hodgkin’s disease patients undergoing
high-dose chemotherapy and adjuvant radiation therapy?
Radiat Oncol Invest 1999; 7: 353–359.

Involved field radiotherapy and transplantation
A Wirth et al

298

Bone Marrow Transplantation


