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Substance or style? Evaluating
advanced radiation therapy delivery
techniques for Hodgkin lymphoma

Zachary D. Guss, MD, MSc; Stephunie A. Terezakis, MD

T ools for treating Hodgkin Lym-
phoma (HL) with radiation
therapy (RT) have proliferated
rapidly over the past two decades. Inno-
vations are principally divided into two
categories: decreasing target size and
improving treatment delivery. Progress
in the former is reflected in the progres-
sion from extended-field RT (EFRT) to
involved-field RT (IFRT), and more re-
cently from IFRT to involved-node RT
(INRT) and involved-site RT (ISRT).
The therapeutic ratio is enhanced by
using modern imaging modalities and
knowledge of HL patterns of spread to
minimize the volume of tissue irradiated
while maintaining excellent disease con-
trol.!” For treatment delivery, intensi-
ty-modulated radiation therapy (IMRT),
respiratory management, and proton
therapy (PT) are promising technologies
that may further reduce toxicities beyond
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shrinking targets alone. This article will
assess these three delivery techniques as
they pertain to HL. management.

IMRT

IMRT is commonly used in general
radiation oncology practice in several
varieties including static multileaf col-
limator (subsequently referred to as
IMRT), helical tomography (HT), and
volumetric-modulated arc therapy that
can consist of a single arc (VMAT) or
multiple arcs (B-VMAT).%’ Although
each type of IMRT is unique, the prin-
cipal dosimetric hallmarks of IMRT
relative to 3D conformal RT (3DCRT)

include higher conformality and bet-
ter sparing of prioritized organs at risk
(OARs) at the expense of greater low-
dose bath. It is not guaranteed, there-
fore, that IMRT is always superior to
3DCRT for treating HL. Given the rela-
tively low doses used in HL RT, it is un-
clear whether the absolute difference of
dose to OAR using IMRT vs. 3DCRT
is clinically meaningful. Furthermore,
conscious sparing of one OAR might be
achieved at the cost of increased dose to
other OARs. A full review of the litera-
ture on this subject is outside the scope
of this review article but is well sum-
marized in a recent review by Maraldo
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FIGURE 1. 3DCRT plan for a male patient with stage IIBX HL.

and Specht.® Examples of 3DCRT and
IMRT treatment plans are provided in
Figure 1 and Figure 2, respectively.

Dosimetric and Clinical Outcomes
of IMRT for HL

Due to favorable disease control
rates and latency of toxicity, many
studies have focused on dosimetric
comparisons of IMRT vs. 3DCRT as
a proxy for anticipated clinical out-
comes. The Institute Curie in Paris has
investigated the utility of IMRT for
mediastinal HL. In 2014, this group
published a dosimetric analysis of
3DCRT vs. HT for 10 female patients
with early stage mediastinal HL.” HT
resulted in significantly lower max-
imum dose to critical structures, in-
cluding spinal cord and breast, as
well as improved cardiac sparing,
but increased low dose exposure to
the breast. They also published the
outcomes of 69 patients with stage
I-IIT nodal mediastinal HL and NHL
treated with RT.'° Forty-nine patients
were treated with 3DCRT and 20
were treated with IMRT, all under free
breathing conditions. Local control was

consistent with modern outcomes, with
1 local recurrence in the IMRT group
and 5 in the 3DCRT group. Acute tox-
icities were mild. Three patients in the
3DCRT group experienced late tox-
icities compared to none in the IMRT
group, and dosimetric comparison of
the two radiation delivery techniques
demonstrated similar findings as their
previous study, accomplishing better
conformity and high dose sparing with
greater low dose bath in the HT group.
The median follow-up for the IMRT
group was only 10 months compared to
46 months for 3DCRT, precluding any
meaningful insights into HT’s impact
on late effects. However, this institu-
tion’s experience is valuable in demon-
strating feasibility and mild acute
toxicity with IMRT technique.

These results are concordant with
the results of Filippi et al who re-
ported the outcomes of ISRT IMRT
vs. 3DCRT for 90 patients with early
stage HL of the mediastinum.'! Grade
2 acute toxicity was significantly lower
in the IMRT group (9.8%) vs. the
3DCRT group (24.5%) (p = 0.043).
Each group had one patient experi-

FIGURE 2. IMRT plan for a female patient with stage IIA HL.

ence relapse, although median follow
up was longer in the 3DCRT group
(52.4 months) than the IMRT group
(24.1 months). Koeck et al analyzed
dosimetric features of 3DCRT and
IMRT for IFRT and INRT.!? They
found that using INRT reduces OAR
radiation exposure most significantly,
and IMRT can be used to further spare
select OARs such as heart and lung at
the expense of increased dose to lung
and breast. Goodman et al demon-
strated that IMRT could reduce mean
heart and lung dose relative to 3DCRT
or conventional RT; however, lung
V20 was greater in IMRT plans than
in conventional plans.'? These studies
demonstrate promising early results,
although longer follow up is required
to determine whether late toxicities
match dosimetric predictions.

IMRT Technique

Relatively few studies have compared
various IMRT approaches for HL, and
they are limited to dosimetric analyses.
Fiandra et al compared 5 delivery tech-
niques 3DCRT, VMAT, B-VMAT, HT,
and TomoDirect [Accuray, Sunnyvale,
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California]) for 10 female patients with
early stage mediastinal HL planned for
INRT.'* In general, IMRT modalities
offered good target coverage and de-
creased high-dose OAR exposure at the
expense of increased low-dose bath to
OARs. Among the IMRT modalities, HT
and VMAT offered the most conformal
plans, whereas HT and B-VMAT seemed
to balance these tradeoffs best. Although
many dosimetric comparisons across
modalities were statistically significant,
most absolute differences were under
10% across various parameters. One can
only speculate as to whether this degree
of difference in OAR dose is clinically
relevant, or whether the decrease in treat-
ment time would be clinically beneficial
due to reduced patient motion. Weber et
al also demonstrated that arc-based de-
livery approaches may be valuable in
select cases.'® Over time, refinements in
IMRT planning may mitigate the issue of
low-dose bath. Voong et al recently pub-
lished a “butterfly” technique for IMRT
for young female patients with medias-
tinal HL, demonstrating that an anterior
beam arrangement of 300-30 degrees
and posterior beam arrangement of 160-
210 degrees was able to reduce exposure
to several OARs including heart, lung,
and breast.'®

Late Effects

Late effects for HL typically con-
cern organ dysfunction and secondary
malignancy. The cardiac toxicity asso-
ciated with traditional HL radiation has
been recognized for decades.!” With
significant late effects being relatively
infrequent with long latent periods, many
studies rely on risk estimates rather than
clinical data. Pinnix et al performed a
retrospective analysis of 150 patients
treated at MD Anderson Cancer Cen-
ter to identify predictors of radiation
pneumonitis for HL and NHL patients
receiving IMRT.'® In this patient group,
which received IMRT with 4D CT or
breath-hold technique, 14% developed
pneumonitis and 6.7% developed grade

3 radiation pneumonitis. There were no
instances of grade 4-5 pneumonitis. The
authors noted that multiple measures of
lung dose were associated with increased
risk of radiation pneumonitis, including
V5>55%, V10 >40%, V15 >35%, V20
> 30%, and mean lung dose > 13.5 Gy,
as well as clinical factors such as salvage
chemotherapy or transplantation. These
findings may help guide future dose con-
straints, and similar efforts are underway
for cardiac dose constraints.'

There is still uncertainty regarding
the potential for increased secondary
malignancies with IMRT. Hall and
Wuu cautioned that the transition from
3DCRT to IMRT could increase sec-
ondary malignancies due to larger vol-
umes of normal tissue exposure as a
result of an increased number of fields
and greater radiation leakage from mod-
ulated fields.?’ They reasoned that the
transition to IMRT could be responsi-
ble for second malignancies in 0.75%
of surviving patients in general. These
concerns have been recapitulated in the
context of mediastinal HL. Schneider
et al estimated second malignancy rates
for free breathing (FB), deep inspira-
tion breath hold (DIBH), 3DCRT, and
VMAT for INRT using an Alderson
phantom.?! The lifetime attributable
risk (LAR) was calculated for each
combination of these techniques for
breast, lung, esophagus and stomach.
Whereas DIBH 3DCRT was associated
with an 8% to 24% reduction in LAR
for these sites compared to FB 3DCRT,
DIBH VMAT was associated with a 7%
reduction in stomach LAR and up to
104% increase in LAR for the other or-
gans compared to FB 3DCRT. Similar
findings were reported by Weber et al,
who performed comparison IFRT and
INRT plans for 3DCRT, IMRT, and
VMAT to estimate the excess relative
risk (ERR) of thyroid, lung, and breast
cancer with nonlinear and linear models
in female patients.??> For INRT radiation
therapy, the use of either IMRT tech-
nique increased the ERR with a linear

model; however, the opposite was seen
with a nonlinear model. Other studies
have also shown that using IMRT for
cardiac sparing is associated with in-
creased dose to the breast.?* While it is
difficult to draw firm conclusions from
these small studies, it is certainly possi-
ble that IMRT may be associated with
a heightened risk of secondary malig-
nancy. However, the absolute increase
in secondary cancer risk is likely mod-
est and this must be weighed against
the ability to spare prioritized OARs.
Ultimately, the decision regarding tech-
nique must be individualized.

Respiratory Management

For many anatomic sites, FB simu-
lation may be sufficient for reproduc-
ible daily RT. For mediastinal fields,
however, tumor position can vary sig-
nificantly with the respiratory cycle.
This motion was of lesser concern in
previous decades when large extended
fields delivering AP/PA were de ri-
gueur. However, in the modern era of
reduced volumes with ISRT and INRT,
there is higher risk of a marginal miss.
A variety of solutions have evolved
to account for and manage respiratory
motion for mediastinal lymphomas.
One can obtain a 4D CT scan to gener-
ate an internal target volume (ITV), or
use respiratory gating to treat at end in-
halation or exhalation. One technique
that exploits physiology to reduce lung
and heart dose is DIBH, which can be
active breathing coordinator (ABC) as-
sisted.?* These respiratory management
solutions can also be used in conjunc-
tion with other advanced delivery tech-
niques such as IMRT.

Several groups have reported do-
simetric analyses of these respiratory
techniques in the context of mediasti-
nal lymphoma. Paumier et al reported
a comparison of FB and DIBH INRT
IMRT plans for 28 patients with early
stage HL and mediastinal involve-
ment.? They noted similar PTV cover-
age and 15% to 20% reduction of mean
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FIGURE 3. (A) Radiation treatment plans using 3DCRT (left), protons (middle), and IMRT
(right). The CTV is contoured in red and the PTV in blue with a color-wash dose distribution.
(B) Pre chemotherapy positron emission tomography maximum intensity projection image
for the same patient in A (left) and the single anterior field proton arrangement for the same
patient (right). The PTV is shown in blue and the CTV in violet. The heart is shown in red
and the lungs in yellow. 3DCRT = 3-dimensional conformal RT; CTV = clinical tumor volume;
IMRT = intensity modulated RT; PTV = planning target volume. Reprinted with permission

from Hoppe BS, et al’®

heart dose, mean lung dose, and lung
V20 overall using DIBH compared
to FB, and 26% to 50% reduction for
upper mediastinal disease.
Prospectively, Petersen et al published
the results of a phase II trial of DIBH vs.
FB INRT for 22 patients with early stage
HL.26 Patients were simulated with FB
and DIBH and were planned with 3D
conformal RT (3DCRT) and IMRT tech-
niques. Each patient was treated with
the technique that afforded satisfactory
tumor coverage while minimizing doses

to OARs. Nineteen (86%) patients were
treated with DIBH, and 12 (55%) were
treated with IMRT. The group then con-
ducted a dosimetric analysis of FB vs.
DIBH and 3DCRT vs. IMRT to deliver
INRT for 22 patients with early stage
mediastinal HL to estimate the risk of
late effects such as myocardial infarction
or secondary malignancy using these
techniques.?” Each patient was planned
on DIBH and FB simulations as well
as 3DCRT vs. IMRT. Overall, the risk
estimates showed a greater difference

between DIBH and FB (favoring DIBH),
while differences between 3DCRT and
IMRT were fewer. In addition, 3DCRT
with DIBH offered similar advantages
to FB IMRT, whereas DIBH with IMRT
was advantageous in certain situations
such as reducing the heart dose for large
mediastinal tumors. One adverse finding
associated with the use of DIBH was an
increased risk of developing breast can-
cer. It should be noted that while many
risk estimates were statistically signifi-
cant, the absolute estimated risks were
small. For example, the percent risk es-
timate for myocardial infarction for the
best performer, IMRT, was 2.1%, com-
pared to 4.9% for 3DCRT FB (p <0.001).
Even smaller differences were observed
for the more global assessment Life
Years Lost (0.5 years for DIBH IMRT vs.
0.7 years for FB 3DCRT, p <0.001).

These studies present several consis-
tent messages regarding active respi-
ratory management strategies such as
DIBH. DIBH appears to confer signifi-
cant dosimetric advantages for most pa-
tients with respect to many parameters,
although it may be less beneficial for
young women due to increased breast
irradiation. Additionally, DIBH can be
combined with other advanced delivery
techniques such as IMRT.
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Proton Therapy

Proton therapy (PT) benefits from
the Bragg Peak, which provides modest
entrance dose and sharp dose fall-off at
the end of the ion’s path.?® The Bragg
Peak is too narrow for clinical appli-
cations; therefore, the peak must be
“spread out” to treat over ranges suf-
ficient to deliver dose to tumor using
techniques such as pencil-beam scan-
ning or passive scattering. These at-
tributes are highly desirable for many
clinical applications of radiation ther-
apy, such as when a tumor is close to an
OAR, or in a patient with an excellent
long-term prognosis in which reducing
late effects is critical. This latter aim is
particularly relevant for HL.

Compared to photon therapy, PT
comes with several disadvantages. The
Bragg peak is largely advantageous
but could raise the risk of a marginal
miss, particularly in anatomic regions
with significant organ motion.?*=3! Ad-
ditionally, the contribution of neutrons
may increase the risk of secondary ma-
lignancies.* Although the relative bio-
logical effectiveness of PT is generally
considered to be 1.1-1.2, these gener-
alizations may not apply in all circum-
stances and could underestimate the
morbidity of a PT plan.*

Owing to limited availability of PT
centers, there are few published clinical
outcomes. As with photon therapy, a rich
diversity of imaging set-up and delivery
techniques exists, resulting in signifi-
cantly varied PT plans across facilities.
Much of the published literature on pro-
ton therapy for lymphoma consists of do-
simetric studies. Maraldo et al reported
a dosimetric analysis of 37 patients
with head and neck early stage HL.® All
patients received chemotherapy and
3DCRT-INRT to 30.6 Gy, with compar-
ison mantle field (MF), VMAT and PT
plans generated for each patient. They
demonstrated that INRT plans spared
OARs more than MF. PT was able to
spare some OARs such as the phar-
ynx and larynx to a greater extent than

3DCRT, whereas VMAT plans suffered
from an inferior low-dose bath without
sufficient reduction of high-dose regions.

PT has also been applied to HL of
the mediastinum, where tumors are
juxtaposed to multiple OARs includ-
ing the heart and lung. Hoppe et al
demonstrated the potential to spare
the heart using PT for mediastinal HL
compared to 3DCRT or IMRT.** Li et
al reported the outcomes of 10 lym-
phoma patients who received 3D-PT at
the MD Anderson Cancer Center from
2007 to 2009.% Dosimetric compari-
son to conventional photon radiation
demonstrated lower mean dose to sev-
eral OARs including heart, esophagus,
and lung with PT, although the breast
received similar radiation dose across
treatment modalities. Conclusions re-
garding therapy effectiveness are hard
to draw from this heterogeneous group
of HL and NHL patients who received
doses ranging from 30-50 cobalt gray
equivalents (CGE). Acute toxicities
were mild and all but one patient with
refractory disease exhibited disease
control at last follow-up.

In the most robust series to date,
Hoppe et al published the results of
a phase II study of involved node PT
(INPT) in combined modality therapy
for HL.* Fifteen patients with HL were
treated with INPT to 30.6-39.6 CGE
after systemic therapy, after dosimetric
comparison with 3DCRT and IMRT
treatment plans showed superiority for
PT. Representative treatment planning
for these modalities is provided in Fig-
ure 3. Three-year relapse-free survival
of 93% was similar to results with pho-
tons, and PT was well-tolerated. Small
patient numbers combined with the
heterogeneous chemotherapy regimens
that patients receive may limit our abil-
ity to detect differences in late effects
between this group and those who re-
ceive photon therapy.

At present, a growing body of liter-
ature is demonstrating the dosimetric
advantages of protons, and early reports

indicate that PT can be used for lym-
phoma with acceptable oncologic out-
comes that appear similar to photon
techniques. Although the theoretical
secondary malignancy and late toxicity
advantages of proton therapy have yet
to be proven, additional evidence may
also come from proton studies in other
populations. Reflective of its growing ac-
ceptance as a potentially valuable tool in
managing lymphoma, PT has been refer-
enced as a potential therapeutic interven-
tion in American College of Radiology
appropriateness criteria for pediatric HL
as well as non-Hodgkin lymphomas.?’-*

Conclusion

The modern radiation oncologist has
an abundance of delivery techniques
to choose from when treating a patient
with HL, but concrete evidence sup-
porting the options remains limited.
Concerning IMRT and its variants,
respiratory management, and parti-
cle therapy, dosimetric advantages in
one aspect of treatment planning may
be counterbalanced by disadvantages.
Therefore, the treating radiation oncol-
ogist must carefully consider each case,
as no optimal solution applies to all pa-
tients. In certain clinical contexts, multi-
ple techniques may be combined.
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