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node-negative, grade I, hormone receptor-positive, HER2-,
invasive ductal carcinoma, and subsequently received adju-
vant radiotherapy and five years of tamoxifen. Fourteen
months after cessation of adjuvant hormone therapy, meta-
static bone disease was diagnosed, and she was started on
letrozole with clinical efficacy and CA15.3 decrease for
19 months. In December 2012, progressive bone disease was
seen on bone scan, CA15.3 was 721U/ml [upper limit of nor-
mal (ULN): 301U/ml], and she was offered exemestane 25 mg
daily and everolimus 10 mg daily in January 2013 based on
the results of the BOLERO-2 study [2]. Baseline laboratory
exams including liver function tests (LFT) were normal.

The treatment was clinically well tolerated for 2 months,
with a slight decrease in CA15.3 to 50IU/ml, and regression
of bone pain. After three months of treatment, she developed
nausea, diffuse abdominal pain and mild jaundice. SGOT had
risen up to 144 ULN, SGPT to 3.5 ULN, and bilirubin was
108 pmol/l (ULN: 17 umol/l). Liver echography was normal,
and CA15.3 was 411U/ml. Hepatitis A and C and HIV serolo-
gies were negative, whereas HBs antigen and HBc antibodies
were positive. Hepatitis B viral load was 60 million
of particlessmm?, leading to the diagnosis of hepatitis B
reactivation.

Everolimus was discontinued, and she was started on ente-
cavir 1 mg daily. LFT improved over three months. Otherwise,
metastatic disease remained stable for two months, until lung
metastases were diagnosed. Exemestane was withdrawn, and
she was then switched to paclitaxel and bevacizumab [3],
whereas entecavir was maintained. She remained under this
combination, followed by maintenance bevacizumab with
normal LFT.

Hepatitis B reactivation has been reported with various
anti-cancer agents, mostly conventional chemotherapy agents
[4], and has not been described with hormone therapy agents
given alone. Hepatitis B reactivation has already been
reported in patients receiving everolimus for renal cancer [4].
Given the recent approval of everolimus in the treatment of
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breast cancer, one could expect an increase in the risk of
hepatitis B reactivation in the oncology setting. Of note, a sin-
gle case of hepatitis B reactivation under everolimus has
been reported in a breast cancer patient [5], with a fatal
issue.

Overall, we believe that cancer patients starting everolimus
(given as a single agent, or in combination with exemestane
in breast cancer) should be screened for hepatitis B status, in
order to initiate pre-emptive anti-viral therapy when appropri-
ate [6].
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Cardiac mortality in breast cancer patients treated with radio-
therapy (RT) has been addressed in the literature and
prompted changes in clinical practice [1]. The Quantitative
Analysis of Normal Tissue Effects in the Clinic (QUANTEC)
effort provided guidelines for normal tissue sparing based on
available outcomes data and reported models for dose-
volume response [2]. QUANTEC recommended keeping the
volume of heart receiving at least 25Gy (V,s5) less than 10%
to keep the risk of cardiac mortality under 1% [3].

Research quantifying the risk of coronary artery disease or
myocardial infarction requires long-term follow-up given the
time required to manifest this complication of radiation. The
most detailed data to date come from lymphoma and breast
cancer patients. As the risks of radiation-induced toxicity are
small, research requires large patient populations with
detailed dose-volume data. In practice, when outcomes for a
large number of patients are available, e.g., a Surveillance,
Epidemiology and End Results (SEER) study [4], we lack indi-
vidual dosimetric data. These studies often rely either on nat-
ural randomization and compare cardiac mortality in patients
treated for right-sided cancer against left-sided [5] or are
based on comparison with the general population [6].

Further important information is provided by large case
control studies with long follow-up [7,8] where dosimetric
information is estimated from details within treatment charts.
Darby et al. found in a large case control study that the rate
of major coronary events increased linearly with mean heart
dose (MHD), and that the increase started within the first five
years after RT and continued for at least 20 years [7]. Two of
the more robust studies evaluating cardiac mortality after
radiation found a weak volume response [9,10], suggesting
that the high dose region of a dose-volume histogram (DVH)
drives the risk of cardiac mortality. Therefore, using any single
point on a DVH has substantial limitations. The guideline sug-
gested by QUANTEC, V,5<10%, does not protect from 9.9%
of the heart volume receiving 50 Gy, which is a typical pre-
scription dose for breast cancer.

In this study we explored QUANTEC guideline compliance
for heart dose among left breast RT plans from two institu-
tions to guide routine day-to-day clinical work of dosimetrists
and physicians. Furthermore, we evaluated the correlation
between predicted cardiac mortality and dosimetric parame-
ters such as V55, D, (minimum dose to the hottest 2% of the
volume), MHD, and maximum dose.

Methods

We retrospectively identified patients who received RT for left
breast cancer with tangent fields between 2010 and 2014 at
the University of California San Diego (UCSD) and Karolinska
University Hospital in Stockholm. Institutional ethics board
approvals were obtained from both institutions. Clinical data-
bases were searched for consecutive patients who received
RT with tangent fields only to the left breast with a pre-
scribed dose of 50Gy in 2Gy fractions or 504Gy in 1.8Gy
fractions. Patients with treatment directed at the supraclavicu-
lar, axillary or internal mammary nodes were excluded.
Treatment with hypofractionation was the main reason for
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exclusion, approximately 26% of the initial cohort. In total,
109 patients were included in the final analysis, 44 from
Karolinska and 65 from UCSD.

Patients were treated in one of three positions: supine
(UCSD and Karolinska), prone, or supine with deep inspiration
breath hold (DIBH) (UCSD). At UCSD prone treatment is used
for patients with pendulous breasts. All other patients
undergo supine simulation, both DIBH and free-breathing,
and distance between the heart and beam edge is assessed.
Supine DIBH requires multiple breath holds of up to
40 seconds so this technique was typically used in younger
women under 60, although preexisting conditions, e.g., lung
disease or smoking may preclude use of DIBH. Free-breathing
supine (FBS) techniques with or without a heart block were
used for all others.

The primary planning objective was to deliver the desired
dose to whole breast. Hot spots were kept to <10% and the
volume receiving >105% was minimized. The 95% isodose
line at a minimum had to cover lung/chest wall interface.
Multileaf collimator compensation, dynamic wedge and field-
in-field techniques were used to achieve these objectives.

The heart was contoured on a computed tomography (CT)
scan by the treating physician according to the RTOG B-39
protocol normal tissue delineation guidelines. The heart block
was designed by giving a 2-3 mm margin on the heart con-
tour seen on the beam’s eye view (BEV) if proximity to the
tumor bed allowed. As there is no known threshold dose for
cardiac injury [4,7] the goal of treatment was to keep the car-
diac dose as low as possible by using a ‘no heart in primary
beam’ rule whenever possible. With this conservative
approach no additional adjustment for other factors, e.g.,
smoking habits, are made. In addition, UCSD attempted to
keep MHD <2 Gy, and Karolinska aimed to keep normal tissue
complication probability (NTCP) < 1%. MHD from the boost to
the tumor bed was calculated for 15 randomly selected
patients and was 0.11 Gy, which is 10% of the dose from tan-
gent fields, 1.11Gy. The dose from the boost was not
included in this analysis. There were 28 patients treated with
a FBS technique, 23 supine DIBH and 14 prone from UCSD.
All patients at Karolinska were treated with a FBS technique.
RT was planned with the Eclipse (Varian Medical Systems,
Palo Alto, CA, USA) treatment planning system, and dose was
calculated using the analytic anisotropic algorithm accounting
for tissue inhomogeneity.

Differential DVHs for the heart were exported from the
treatment planning system with a dose bin size of 0.1Gy.
DVHs were further normalized one dose bin at a time to
equivalent dose in 2Gy fractions assuming o/B=3Gy.
Dosimetric endpoints analyzed included maximum point
dose, D,, MHD, and V,s. Probability of cardiac mortality, NTCP,
for each patient was calculated using the s-model [11]:

wrep = [1- T - P(D,-)S)V’]”S

P(D) =2 7 (17%)]
where the product is over differential DVH dose bins, with
volumes v; receiving dose D;, Dsq is the dose corresponding
to 50% probability of complication for the whole organ, vy is
maximum normalized slope and parameter s describes



1508 LETTERS TO THE EDITOR

(A)100 : . r . r
Heart DVH
Free breathing
10l ——DIBH |
=S
o)
£
=2
S Tf 3
0.1 LAY - -
0 10 20 30 40 50
Dose, Gy
(©) - : r :
40 _ E
30r .
>
©. 20} ]
)
10} .
$ % ——] 1
FBS DIBHS Prone FBS
UCSD UCSD UCSD Karolinska

(B) T T . ’
> 4t Ti 1
(0]
]
o
©
=
° 2F |
o
S T T
g m—] F ==

0 i ; i 5

FBS DIBHS Prone FBS
UCsSD UucCsD UCSD Karolinska

(D) 6 . ;

4t i
=2
>, |

0

FBS FBS
ucsD Karolinska

Figure 1. (A) Heart DVH for patients treated at UCSD. (B, C and D) mean heart doses, D, and V,s, for patients treated at UCSD and Karolinska.

relative seriality of the organ. Model parameters were set to
values obtained specifically for breast cancer patients:
Ds50=52.4Gy, y=1.28 and s=1.00 [10]. Linear and non-linear
correlations between individual dosimetric endpoints and the
probability of toxicity were assessed with Pearson’s and
Spearman’s rank order correlation coefficients, respectively.

Results

Figure 1(A) shows DVHs for patients treated at UCSD. DVHs
were depicted pictorially with a logarithmic scale to make dif-
ferences in the low volume region more discernable. DVHs
for two patients exhibited pronounced tails for doses >20 Gy
because of surgical cavity location. MHD was always under
4Gy (Figure 1(B)). D, varied over a wide range for patients
treated with the FBS technique at both UCSD and Karolinska,
but was always below 10Gy for patients treated prone or
DIBH (Figure 1(C)). Median maximum point dose for patients
at UCSD was 299Gy (range 4.5-50.9Gy) for those treated
with the FBS technique, 6.4 Gy (9.4-43.1 Gy) for those treated
with DIBH, and 3.9Gy (7.7-42.4Gy) for those treated prone.
The median maximum point dose for patients treated at
Karolinska was 49.1 Gy (4.9-51.5Gy). For all patients full com-
pliance with the QUANTEC recommendation of V,5 <10% was
observed and in fact V,5 was less than 5% for all patients
and <0.5% for patients treated prone or DIBH.

The predicted probability of cardiac mortality was less
than 0.01% for all patients treated DIBH or prone. Although
none of the patients treated with FBS showed predicted
probability of cardiac mortality >1%, this probability

exceeded 0.05% in 37 of 72 patients and was above 0.5% in
11 patients.

Figure 2 shows the relationship between the predicted
probability of cardiac mortality and considered dosimetric
endpoints for patients with NTCP >0.05%. The overall trend
was confirmed with Spearman’s correlation coefficient which
was 0.95 for both V,5 and D,, and 0.76 for MHD, p <.01 in all
cases. This correlation was not as pronounced for maximum
dose, coefficient equal to 0.38, p=.02. Numerical correlation
was moderate for V,s and D, with R*=0.81 (70 for
NTCP >0.25%) and 0.86 (0.90), respectively. This correlation
was modest for MHD R?= .54 (0.37), and no correlation was
observed for maximum point dose, R* =.095 (0.02).

Discussion

This study estimated the risk of cardiac mortality for patients
treated with a variety of radiation delivery techniques com-
mon to modern practice of radiation oncology. All DVHs fell
well within the QUANTEC guideline V5,5 <10% and all patients
had a MHD of less than 4 Gy. Predicted risk of cardiac mortal-
ity was less than 1% for all patients. Although our findings
align well overall with QUANTEC predictions, the risk of car-
diac mortality for some patients was >0.5%. Model parame-
ters in this study came from research in breast cancer [10]
patients, however, further validation of model parameters
is required.

One important factor to consider with cardiac toxicity pre-
diction relates to the method by which one anatomically
defines the organ at risk. This study defined and contoured
the entire heart as the organ at risk, which is in compliance
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Figure 2. Probability of cardiac mortality as a function of V5 (A), D, (B), mean heart

with the QUANTEC guidelines, and also reflects common
practice. However, all anatomical regions of the heart are
clearly not equal in the role they play for the occurrence of
toxicity. The majority of cases of cardiac mortality are likely
the result of radiation-induced coronary vascular disease in
the major arteries supplying the right and left ventricle.
Although it is clear that techniques that include coronary
arteries in the primary radiation beam lead to a higher risk of
stenosis in those vessels [12], there is no clear dose-response
data to guide the planning objectives.

Figure 1 shows a broader range for all dosimetric parame-
ters among patients treated at Karolinska and larger MHD for
patients treated with FBS. This difference may be related to
the 'no heart in BEV' approach versus ‘NTCP-driven’ approach.
However, at the time of data collection DIBH and prone tech-
niques were not used at Karolinska.

Awareness of cardiac morbidity and mortality has led to
changes in clinical practice with the goal of reducing radi-
ation dose to the heart. The use of CT simulation and three-
dimensional (3D) treatment planning to better define patient
anatomy has increased dramatically over the last 10-15 years.
Prone positioning or motion management techniques such as
respiratory gating and breath hold techniques further reduce
the dose to the heart. Probability of cardiac mortality in
excess of 0.1% was seen only in patients treated with FBS.
This is not a comparative planning study therefore we
cannot conclude that DIBH or prone positioning produces
superior heart sparing, however, other research supports this
claim [13,14].

A more comprehensive endpoint, i.e., risk of major coron-
ary events was shown by Darby et al. to increase linearly with
MHD in breast cancer patients [7]. On one hand, the linear
relationship between MHD and toxicity appears inconsistent
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with the model-predicted weak volume response for cardiac
mortality. On the other hand, dosimetric characteristics are
often correlated, which means there may not be a conflict
between these observations. One of the questions which still
needs an answer is the impact of irradiation in specific car-
diac subregions.

In summary, this study shows that for studied breast can-
cer patients compliance with the QUANTEC recommendation
of V,5<10% was indeed observed and predicted risk of car-
diac mortality was <1%. However, predicted probability of
cardiac mortality exceeded 0.5% for 11 of 72 patients treated
with a FBS technique. As a result of heart sensitivity to small
volumes receiving large doses, no single dose-volume cutoff
will serve as a sufficient guideline to keep this risk of cardiac
mortality below a desired level. V,5<10% alone does not
ensure probability of cardiac mortality below 1%. In fact the
probability of cardiac toxicity approached 1% for a few
patients despite V5 being below 5%.
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To the Editor,

A 19-year-old male presented in 1999 with anemia, increased
inflammatory parameters and knee complaints, based on dif-
fuse-type giant cell tumor (DGCT). In 2010, a low femoral
amputation was performed after several functional joint spar-
ing surgeries and a short unsuccessful period of imatinib
400 mg once daily (OD) therapy [1]. Histopathology showed
destructive DGCT with secondary changes due to imatinib
treatment, but no signs of malignancy.

Four years later, he presented with fever, sweating, ano-
rexia, weight loss, palpitations and anemia. FDG-positron
emission tomography (PET)-computed tomography (CT) scan
showed new pulmonary lesions and mediastinal lymphaden-
opathy. A cytological lymph node biopsy proved metastastic
DGCT. Imatinib 400mg OD and predisolone 30mg OD were
started. No other immune-modulating therapy has been
administered. Two months after start of imatinib and prednis-
olone, his clinical condition deteriorated with weight loss,
fever and inflammation (Table 1). FDG-uptake showed

increased metabolic activity of metastases. To prevent atelec-
tasis, the highly metabolically active right hilar metastasis was
irradiated (30 Gy in 10 fractions; Figure 1(a)). During radiother-
apy, his condition rapidly deteriorated with high fevers, pro-
found anemia, hypoalbumenia, decreased
sodium, hyperglycemia and pulmonary infection (Table 1).
Unexpectedly, within two weeks after completing radiotherapy,
he clinically improved and his inflammatory laboratory values
decreased (Table 1). FDG-PET-CT showed response of the
right irradiated hilar lesion, volumetric and metabolic
response of left-sided non-irradiated pulmonary metastases
and an increase of uptake in one mediastinal lymph node
(Figure 1(b) and (c)). This phenomenon is called abscopal
effect. It persisted for six months, after which he progressed
and died from disease three months later.

Discussion

The abscopal effect induced by radiotherapy is rare and is
mostly reported in tumor types considered immunogenic such
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