€316 Shikama et al.

International Journal of Radiation Oncology e Biology e Physics

p = 0.10, respectively). Multivariate analysis revealed that only
a long CCD was correlated with nonoptimal DVH constraints

@ 0.02). DVH constraints were satisfied in only 20% of
patients with a long CCD (>5.5 cm) and 92% of those with a short
CCD (<5.5 cm) (p < 0.0001) (Fig. 1). Of the 2 patients with
a short CCD (<5.5 cm), 1 patient with a left upper-inner primary
tumor and a S-cm CCD, did not satisfy optimal DVH for the
ipsilateral lung and contralateral breast, and the other patient, who
had a right upper-outer primary tumor and a 4.5-cm CCD, did not
satisfy optimal DVH for the heart and IB-Vso. DVH constraints
were satisfied in 52% of patients with a long CCD (>5.0 cm)
and 93% of those with a short CCD (<5.0 cm) (p = 0.0007).
DVH constraints were satisfied in 0% of patients with a long CCD
(>6.0 cm) and in 90% of those with a short CCD (<6.0 cm) (p <
0.0001). A long CCD was correlated with not only nonoptimal
DVH constraints, but also a large ipsilateral mean lung dose
(MLD) (r = 0.48, p = 0.0003).

High-risk patients with large IB-Vs,

Median IB-Vso of all patients was 49.0% (range, 31.4—68.6).
Univariate logistic regression analysis revealed that long CCD
(r = 0.72, p < 0.0001) and medial tumors (p = 0.02) were
correlated with large IB-Vsg (Fig. 2, 3). The site of the IB (right/
left), pathological T stage (T1a/T1b/T1c/T2), IB reference
volume, and APD were not correlated with a large IB-Vso (p =
047, p = 092, p = 0.13, p = 0.10, respectively). Multivariate
analysis revealed that only a long CCD was correlated with large
IB-Vso (p< 0.0001).

Discussion

The Groupe Européen de Curiethérapie-European Society for
Therapeutic Radiology and Oncology Breast Cancer Working
Group and the American Society for Radiation Oncology Health
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Fig. 1. Frequency of optimal dose—volume histogram (DVH)
constraints according to craniocaudal surgical clip distance
(CCD). Left column indicates that 52% of patients with long
CCD (=5 cm) satisfy DVH constraints, whereas the center and
right columns show that only a few patients with long CCD of
>5.5 cm and those with long CCD of >6.0 cm satisfy DVH
constraints.
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Services Research Committee proposed the patient selection
criteria for use of APBI based on available clinical evidence
complemented by expert opinion (13, 14). The main eligibility
criteria proposed by these task groups included patient age (>60
years), pathological tumor size (<3 cm), negative surgical margin,
unicentric lesion, and pNO (13, 14). These recommendations were
mainly based on the probability of breast recurrence after APBL
To maintain the efficacy and safety of APBI, potential risk for late
severe toxicities should be considered in addition to the proba-
bility of breast recurrence. The NSABP B-39/RTOG 0413
protocol requires that the ratio of lumpectomy cavity to IB volume
must be <30% based on postoperative/prerandomization CT
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Fig. 2. Scatter plots for craniocaudal surgical clip distance

(CCD) and ipsilateral breast reference volume receiving >50% of
the lﬁrescribed dose (IB-Vsg). Long CCD was strongly correlated
with large IB-V5 (r = 0.72). IB-V50. The dotted line indicates the
fitting line.
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Fig. 3. Box plots for tumor location (lateromedial) and ipsi-

lateral breast reference volume receiving >50% of the prescribed
dose (IB-Vsg). The gray line indicates the median value of IB-V .

imaging (9). Unfortunately, the ratio of lumpectomy cavity to IB
volume and that of PTV to IB reference volume are not calculated
until the RTP system operation. Thus, eligibility criteria that
require complex calculations serve as obstacles toward seamless
execution of clinical trials. In the majority of contemporary APBI
series, patients for whom the maximal tumor size is less than 3 cm
have been eligible (5, 14). In our study, pathological T stage
(pT1a/pT1b/pT1ic/pT2), which was classified according to patho-
logical maximum diameter of the invasive carcinoma component,
was not associated with nonoptimal DVH constraints of the
NSABP B-39/RTOG 0413 protocol. Some likely explanations for
this are that the pathological T stage does not include the nonin-
vasive carcinoma component and that it does not correlate with
specimen shape (e.g., fan shape, slender oval) or the direction of
the long axis of the specimen. On the other hand, the distance of
surgical clips is directly associated with the size of the resected
specimen, and the CCD strongly correlated with the field length in
the craniocaudal direction and the breast irradiated volume.
Distances between surgical clips are easy to measure with digital
chest X-rays rather than the RTP system operation and they serve
as tools to help predict which patients are unsuitable for 3D-CRT
APBI. However, APD was not closely correlated with either
nonoptimal DVH constraints or large IB-Vso. We applied the
noncoplanar beam technique using tangential beam with a 10—20°
steeper gantry angle and couch angles of 0—30°. With this tech-
nique, the gantry angle arrangement allows one to reduce the field
width in the anteroposterior direction and the irradiated volume, in
which case APD does not correlate closely with field size, irra-
diated volume, or nonoptimal DVH constraints.

Hepel et al. reported that high-, intermediate-, and low-dose
volumes (IB-Vs—IB-Vyg) all correlated with incidence of breast
fibrosis after 3D-CRT APBI (7). Improved target coverage with
external beam techniques comes at the cost of a higher integral
dose to the remaining normal breast. With the 3D-CRT APBI
technique, the volume of high-dose region (e.g., IB-V g0, IB-Vg0)
and that of low-dose region (e.g., IB-V,, IB-V,,) are closely
related. Jagsi et al. reported on the unacceptable cosmesis that
developed in 7 patients among 34 patients after APBI using
Intensity-modulated radiotherapy, noting that IB-Vsy and IB-V g
correlated with cosmetic outcome (8). They indicated that there
seemed to be a possible threshold at 40%, in which the 5 of 10
patients (50%) with an IB-Vs, >40% experienced unacceptable
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cosmesis vs. the 2 of 22 (9%) below that threshold who experi-
enced it (p = 0.02). On the other hand, Formenti et al. reported
good cosmetic outcomes in most patients after performing APBI
with the 3D-CRT technique in a prone position with 30 Gy in five
fractions, noting that IB-Vs, ranged from 23 to 75%, and IB-Vgg
ranged from 10 to 45% (12). In our simulation study, median IB-
Vso of patients with optimal DVH constraints was 46.9%
(31.4-58.1), and that for patients with nonoptimal DVH
constraints was 59.4% (49.9—68.6) (p < 0.0001, data not shown).
The appropriate threshold of IB-Vsq and that of other parameters
(e.g., IB-Vy, IB-Vygp, maximum dose) as predictive factors of late
soft tissue toxicities has yet to be clarified. Further studies should
be conducted to clarify predictive factors for late soft tissue
toxicities.

Recht et al. reported that the risk of pneumonitis appeared to
be related to the irradiated ipsilateral lung volume treated, and
recommended that ipsilateral lung volume receiving 20 Gy or
higher should be lower than 3%, and that receiving 5 Gy lower
than 20% (6). They indicated that relatively low-dose lung irra-
diation might better help to determine the risk of pneumonitis after
radiotherapy. In our study, a long CCD was correlated with large
ipsilateral MLD (r = 048, p = 0.0003), and ipsilateral lung
volume receiving 6 Gy or higher (>20% of the prescribed dose)
(r = 0.63, p < 0.0001).

A limitation of the present study was that we used simulation
data rather than clinical outcomes. A prospective clinical trial
should be conducted to evaluate the utility of these eligibility
criteria and treatment outcomes. In addition, we could not verify
the geometric couch and gantry angle limitations for the Varian
linear accelerator in all patients. However, before the beginning of
this study, we did verify the geometric couch and gantry angle
limitations using a human-body phantom placed on a couch.

Conclusions

Patients with a long CCD, especially 5.5 cm or longer, might be
unsuitable for 3D-CRT APBI from nonoptimal DVH constraints
and large IB-Vsq. Pathological T stage, APD, site of IB (right/
left), tumor location (medial/lateral), and IB reference volume
could not predict whether patients were unsuitable for 3D-CRT
APBI.
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Purpose: To determine the frequency and clinical significance of previously undetected inci-
dental findings found on computed tomography (CT) simulation images for breast cancer
patients.

Methods and Materials: All CT simulation images were first interpreted prospectively by radi-
ation oncologists and then double-checked by diagnostic radiologists. The official reports of CT
simulation images for 881 consecutive postoperative breast cancer patients from 2009 to 2010
were retrospectively reviewed. Potentially important incidental findings (PIIFs) were defined as
any previously undetected benign or malignancy-related findings requiring further medical
follow-up or investigation. For all patients in whom a PIIF was detected, we reviewed the clin-
ical records to determine the clinical significance of the PIIF. If the findings from the additional
studies prompted by a PIF required a change in management, the PIIF was also recorded as
a clinically important incidental finding (CIIF).

Results: There were a total of 57 (6%) PIIFs. The 57 patients in whom a PIIF was detected were
followed for a median of 17 months (range, 3—26). Six cases of CIIFs (0.7% of total) were de-
tected. Of the six CIIFs, three (50%) cases had not been noted by the radiation oncologist until
the diagnostic radiologist detected the finding. On multivariate analysis, previous CT examina-
tion was an independent predictor for PIIF (p = 0.04). Patients who had not previously received
chest CT examinations within 1 year had a statistically significantly higher risk of PIIF than
those who had received CT examinations within 6 months (odds ratio, 3.54; 95% confidence
interval, 1.32—9.50; p = 0.01).

Conclusions: The rate of incidental findings prompting a change in management was low.
However, radiation oncologists appear to have some difficulty in detecting incidental findings
that require a change in management. Considering cost, it may be reasonable that routine
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interpretations are given to those who have not received previous chest CT examinations within
1 year. © 2012 Elsevier Inc.

Keywords: Breast cancer, CT simulation, Diagnostic radiologist, Incidental findings,

Introduction

Computed tomography (CT)-based treatment planning before
radiotherapy for breast and many other cancers has become standard
practice in radiation oncology departments. CT simulation and three-
dimensional treatment planning for breast irradiation improves dose
homogeneity to the targeted volume and reduces the radiotherapy
dose to the critical organs (e.g., lungs and heart) (1, 2). At most
institutions, CT simulation images are not routinely interpreted by
diagnostic radiologists, which might cause incidental but important
radiological findings to be missed. At our institution, however, all CT
simulation images are first interpreted prospectively to look for
incidental findings by radiation oncologists and then double-checked
by diagnostic radiologists, and official reports are generated.

Relatively few studies have addressed the incidence of inci-
dental findings detected on CT simulation images (3—8). The
purpose of our study was to determine the frequency and clinical
significance of previously undetected incidental findings found on
CT simulation images for breast cancer patients.

Methods and Materials

The official reports of 881 consecutive postoperative breast cancer
patients

from January 2009 to December 2010 were
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retrospectively reviewed. The study was approved by an Institu-
tional Review Board.

CT simulation images

CT scans were performed with a LightSpeed RT16 (GE Health-
care, Fairchild, CT) helical scanner at 120 kVp, auto mA (noise
index, 15) and S-mm slice thickness. Patients were asked to
assume a supine position with the ipsilateral arm abducted above
the head, using MammoRX breast boards (Diacor, West Valley
City, UT). CT scans were performed without breath holding. No
contrast medium was used. Metal wires were placed on the
patients’ skin, outlining the breast to be treated plus surrounding
margins. Anatomic structures included in the scanned volume
included the entire lung, entire heart, partial liver, and partial
kidneys. The reconstruction algorithm used to obtain high-
resolution images of the lung was not part of the routine
examination.

Potentially important incidental findings

Potentially important incidental findings (PIIFs) were defined as
any previously undetected benign or malignancy-related findings
requiring further medical follow-up or investigation. The clinical
records for all patients in whom a PIIF was detected were
reviewed to determine the clinical significance of the PIIF. If the
findings from additional studies prompted by a PIIF required
a change in management, the PIIF was also recorded as a clini-
cally important incidental finding (CIIF).

Predictors for PIIF

Univariate and multivariate logistic regression analyses were used
to examine the predictive value for PIIF of covariates including
age, pathological/pathological after induction chemotherapy
(P/YP) stage (0, I, II, and II), type of mastectomy (partial or
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total), chemotherapy (no, induction, and adjuvant), and previous
chest CT examination (within 6 months, 6—12 months, and
>1 year/none). We used SPSS version 20 software (IBM) for
statistical analysis. Differences were deemed significant when
two-tailed p values were less than 0.05.

Results

A total of seven radiation oncologists and three radiologists
interpreted CT simulation images. All of the radiation oncologists
had received radiology training before, and all of the diagnostic
radiologists had board certification.

Table | summarizes patient characteristics based on a review
of 881 scans. Of the 881 scans, there were a total of 57 (6%) PIIFs
(Table 2). The 57 patients in whom a PIIF was detected were
followed for a median of 23 months (range, 9—32). Of these, 6
patients (0.7% of total or 11% of PIIFs) through the last follow-up
exhibited a CIIF requiring a change in management (Table 3). Of

the 6 CIIFs, 4 patients had a malignancy-related finding (lung
metastasis, bone metastasis, contralateral breast cancer, and
retroperitoneal liposarcoma). The remaining 2 patients had
multiple lung nodules due to Mycobacterium avium complex
infection and were treated with antibiotics. Of the six CIIFs, three
(50%) had not been noted by the radiation oncologist until the
diagnostic radiologist detected the finding at the double-check
stage. On univariate analysis, only previous CT examination was
a predictor for PIIF (p = 0.03). On multivariate analysis, previous
CT examination was an independent predictor for PIIF (p = 0.04)
(Table 4).

Discussion

To our knowledge, this study reports the largest focus on inci-
dental findings detected on CT simulation images. Three previous
studies have targeted incidental findings on CT simulation images
for breast cancer patients. Mehta and Goffinet (3) (n 153)
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reported an 11% rate of abnormal findings and 3% additional
cancer foci that changed the subsequent treatment plans. Kim
etal. (4) (n = 131) found 20% potentially important findings and

<1% metastatic lesions. Rao et al. (5) (n 332) noted 9%
“potentially significant” findings, but they found no clinically
relevant incidental findings. Table 5 summarizes a comparison of
our findings and findings of those studies. For other malignancies,
Miller et al. (6) reported 9% clinically important coexisting
disease conditions and 3% abnormalities requiring intervention on
CT simulation images performed for prostate cancer (n = 77).
Smitt and Mehta (7) reported 2% previously unknown findings
that required further investigation and <1% findings that changed
patient care on CT simulation images for various cancers (n =
162). Recently, Ye et al. (8) reported 4% potentially important
incidental findings that required change in treatment or additional
imaging studies and <1% findings that prompted change in
patient’s treatment on CT simulation images for various cancers (n
= 580), concluding that a thorough review of scans by radiation
oncologists is likely sufficient to address any incidental findings,
with radiology consultations and additional workups obtained on
an as-needed basis (8).

Our study showed a low rate of incidental findings prompting
a change in management, a finding consistent with most other
reports (3—8). However, the radiation oncologist failed to note
three of six findings that subsequently required a change in
management. These findings were observed only at the double-
check stage by the diagnostic radiologist. Although the small
number of the findings requiring a change in management is
a limitation, our results suggest that radiation oncologists may
have difficulty in determining when they need to consult diag-
nostic radiologists, even though they have previously received
radiology training. Thus, routine interpretations of simulation
scans by diagnostic radiologists may prove beneficial. On the
other hand, it is not likely to be cost effective for all scans to be
interpreted by diagnostic radiologists. Our results showed that
patients who had not received previous chest CT examinations
within 1 year had a statistically significantly higher risk of PIIF
than those who had received CT examinations within 6 months.
Considering cost, it may be reasonable that routine interpretations
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are given to those who have not received previous chest CT
examinations within 1 year.

In our study, only 11% of the incidental findings prompting
further medical follow-up or investigation proved clinically
significant, a result consistent with previous reports (3—5). CT
simulation scans for breast cancer are typically performed without
breath holding and contrast enhancement, differing in this respect
from diagnostic CT scans. Furthermore, patient positioning typi-
cally differs from dedicated diagnostic CTs, and CT simulation
scans are obtained with metal wires and immobilization devices
that can create artifacts. These factors may make it difficult for
diagnostic radiologists to differentiate between clinically signifi-
cant and insignificant findings.

Roughly half of the subjects in this study had never undergone
a chest CT examination before our study, and lack of referential
images may contribute to diagnostic difficulties. Nevertheless, our
study suggests that diagnostic radiologists are able to detect
potentially clinically significant findings in simulation CT images
despite diagnostically unfavorable factors.

Conclusions

The rate of incidental findings prompting a change in management
was low. However, radiation oncologists appear to have some
difficulty in detecting incidental findings that require a change in
management. Considering cost, it may be reasonable that routine
interpretations are given to those who have not received previous
chest CT examinations within 1 year.
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