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Abstract
Purpose: To compare ipsilateral breast event (IBE) risks in patients with ductal carcinoma in situ of the breast (DCIS) post-lumpectomy,
as estimated by breast radiation oncologists, the Van Nuys Prognostic Index, the Memorial Sloan Kettering Cancer Center (MSKCC)
DCIS nomogram, and the 12-gene Oncotype DX DCIS score assay.
Methods and Materials: Consecutive DCIS cases treated with lumpectomy from November 2011 to August 2014 with available DCIS
score results were identified. Three radiation oncologists independently estimated the 10-year IBE risk. The Van Nuys Prognostic Index
and MSKCC nomogram 10-year IBE risk estimates were generated. Differences and correlations between the IBE estimates and
clinicopathologic factors were evaluated.
Results: Ninety-one patients were identified for inclusion. Forty-eight percent would have been ineligible for the E5194 study. The
mean risk of IBE from the DCIS score assay was 12.4%, compared with a range of 18.9% to 26.8% from other sources. The mean IBE
risk from the DCIS score assay was lower regardless of E5194 eligibility. The MSKCC nomogram and DCIS score assay risk estimates
were weakly correlated with each other (P Z .23) and were each moderately correlated with the other risk estimates (P Z .41-.56).
When applying the radiation oncologists’ treatment recommendations based on their proposed risk cutoffs, evaluating risk according
to the DCIS score assay led to the highest proportion of patients recommended excision alone.
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Conclusions: IBE risk estimates for this general community cohort of DCIS cases vary significantly among commonly available clinical
predictive tools and individual radiation oncologist estimates. Surgical margins and tumor size continue to factor prominently in
radiation oncologist decision algorithms. The differences found between the IBE risk estimate methods suggests that they are not
interchangeable and the methods that rely on clinicopathologic features may tend to overestimate risk.
� 2020 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Ductal carcinoma in situ (DCIS) encompasses a bio-
logically and clinically heterogeneous spectrum of
noninvasive or preinvasive intraductal lesions. With the
widespread implementation of screening mammography,
the frequency of DCIS now accounts for greater than 15%
of all breast cancer diagnoses.1,2 Thirty percent of un-
treated DCIS lesions will progress to invasive breast
cancer over a 30-year period.3,4 The optimal management
of DCISda recognized, albeit nonobligate, precursor to
invasive carcinomadhas been debated for the past 3
decades.

DCIS management philosophy differs widely among
clinicians, with many treating DCIS in the same manner
as early-stage invasive disease, including wide surgical
excision, often with subsequent radiation therapy or
antihormonal therapy, and others favoring surgery alone.
Breast-conserving surgery without further treatment
yields subsequent ipsilateral breast event (IBE) rates
ranging from 15% to 60%, with invasive disease ac-
counting for ~50% of IBEs.5

Determining the least aggressive treatment needed to
minimize the risk of subsequent IBE in an individual
patient remains the elusive holy grail of DCIS manage-
ment. The Van Nuys Prognostic Index (VNPI) was
developed to aid clinical decision-making by stratifying
ipsilateral recurrence risk according to nuclear grade,
presence of necrosis, margin width, and later age, to
choose between excision alone, excision with radiation
therapy, and mastectomy with the goal of <20% local
recurrence at 12 years.6,7 The validity of VNPI remains
controversial due to conflicting reports from external data
sets.8-13 In 2012, investigators from Memorial Sloan
Kettering Cancer Center (MSKCC) published a DCIS
nomogram that combines 10 clinicopathologic and treat-
ment factors to predict IBE risk; it too, remains contro-
versial due to variability of results at separate validation
centers.14-19

Molecular tests, including the 12-gene Oncotype DX
DCIS score assay and the DCISionRT test, provide
individualized assessments of patients’ IBE risk, based on
the biology of the tumor.20,21 Although VNPI and the
MSKCC DCIS nomogram derive a risk estimate for any
IBE (in situ and invasive) from historical populational
data, the DCIS score assay has been validated to provide
individualized risk estimates for invasive and in situ IBE,
based on quantitative RNA levels from formalin-fixed,
paraffin-embedded tumor samples.

The radiation oncology community has been slow to
adopt the DCIS score assay, owing largely to the
extremely favorable characteristics of the clinical valida-
tion cohort, a subset from the E5194 cohort.20 E5194
patients had either low-or intermediate-grade DCIS with
tumor �2.5 cm or high-grade DCIS with tumor �1 cm.
Additionally, all E5194 patients had a minimum negative
surgical margin of 3 mm. There remains uncertain
applicability outside the E5194 entry criteria, as well as
the sizable uncertainty in the high-risk group. To our
knowledge, no study has compared the predictions from
the DCIS score assay to the estimates from either the
MSKCC nomogram or the VNPI. Although the initial
DCIS score assay clinical validation study did not find
VNPI to be predictive, that lack of predictive power is not
unexpected, given that VNPI is heavily influenced by
margin status and 77% of the E5194 validation cohort had
margins of 1 to 9 mm.22

We performed an exploratory analysis in an unselected
clinical population, comparing 10-year post-lumpectomy
IBE risk as estimated by the VNPI and the MSKCC DCIS
nomogram as well as estimates generated by the DCIS
score assay and 3 experienced breast radiation oncolo-
gists, to answer the following questions: Do the VNPI,
MSKCC DCIS nomogram, or experienced physician
judgment offer similar risk estimates as the DCIS score
assay? Do the VNPI and the MSKCC DCIS nomogram
offer similar or different clinical advice? How might the
physician’s choice of clinical tool or risk-estimation al-
gorithm affect clinical management?

Methods and Materials

Study data set

Patients who underwent lumpectomy between
November 2011 and August 2014 with an available 12-
gene DCIS Score result and who were consented to one of
2 IRB-approved protocols (NCT01185145 and
NCT01185132) were identified in clinical practice; cases
with any invasive (including microinvasive) disease were
excluded. The IBE risk estimates provided by the DCIS
score assay used the patient-specific meta-analysis
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method that refined risk estimates by incorporating the
DCIS score result with the independent risk factors
identified both in E5194 and the Ontario validation
studies, that is, patient age, tumor size, and year of
diagnosis.23

Clinicopathologic factors, excluding DCIS score
result, were summarized for blinded review. Three
experienced breast radiation oncologists from our practice
(A.G.A., C.E.L., and D.L.C.)drepresenting nonoverlap-
ping multidisciplinary tumor boards and a range of usage
experience and confidence in the DCIS score assaydthen
independently estimated the 10-year risks for any IBE
without knowledge of the DCIS score result; they were
also surveyed for the effect (on a scale of 1-5) of age and
menopausal status at DCIS diagnosis, tumor morphology
(nuclear grade and presence of necrosis), tumor span, and
margin width on their risk estimates.

Traditional risk estimates were obtained from the
MSKCC nomogram and VNPI. The MSKCC 10-year
IBE risk estimates were generated with the online tool
based on the previously published study.24 The MSKCC
risk estimates were independently entered by 2 people and
discrepancies were adjudicated by a third person. IBE risk
at 10 years after excision alone according to the VNPI
was estimated graphically from Figures 8 to 10 from a
previous publication of Silverstein et al.6

The 3 radiation oncologists were surveyed for 10-year
IBE risk cutoffs that would prompt different modes of
treatment based solely on their general practice recom-
mendations. Factors such as comorbidities, life expec-
tancy, and patient or family preference were not included
in this assessment. The treatment recommendations
associated with the DCIS score risk estimates were cate-
gorized using the radiation oncologists’ cutoffs, and the
resulting treatment recommendations were assessed for
agreement.
Statistical methods

Descriptive statistics were generated for the de-
mographic, clinical, and pathologic variables, both overall
and stratified by the patients’ E5194 eligibility status. The
mean 10-year risk estimates of any IBE were calculated,
along with 2-sided 95% confidence intervals, which were
also stratified by E5194 eligibility status.

Spearman’s rank correlation coefficient was calculated
to assess the degree of the monotonic relationships be-
tween the 10-year risk of any IBE as estimated by each
source, stratified by E5194 eligibility status. In addition,
each radiation oncologist’s any-IBE risk estimates and the
indicated effect of the corresponding subject age, tumor
morphology (ie, nuclear grade and presence of necrosis),
tumor span, and margin size were evaluated to assess their
correlations.
Analyses were performed using SAS software version
9.4 of the SAS System for Windows and R version
3.5.1.25 Graphics were created using the ggplot2
package.26

Results

Ninety-one cases were identified, with demographic
and disease characteristics summarized in Table 1. Nearly
half of the cases (44 out of 91) would not have been
eligible for E5194. The E5194-eligible patients tended to
have smaller total DCIS span and larger margin size.
Median patient age at diagnosis in the E5194-ineligible
cohort was higher, but the interquartile and overall
ranges were similar.

Differences and correlations in numerical
estimates

Mean 10-year risk estimates of any IBE from each
source are shown in Figure 1. For the overall cohort, the
mean of the risk estimates from the DCIS score assay was
12.4%, compared with a range of 18.9% to 26.8% for the
other risk estimate sources. For all sources, the mean of
the risk estimates was lower among the E5194 eligible
subjects and higher among the E5194 ineligible subjects,
and the confidence intervals in the E5194 eligible cohort
were narrower than the ineligible cohort. The mean risk
estimate for the DCIS score assay remained lower than
those from the other sources in both the E5194 eligible
and ineligible subjects.

Results of the Spearman correlations of 10-year any-
IBE risk estimates are shown as heat maps in Figure 2,
both overall and by E5194 eligibility. In the heat maps,
strong correlations (P > .7) have darker hues of red, weak
correlations (P < .3) have darker shades of blue, and
moderate correlations (P between .3 and .7) are lighter
shades of red and blue. All correlations were positive,
with the exception of the DCIS score assay and the
MSKCC nomogram in the E5194 ineligible group, which
had a weakly negative correlation (P Z e.27).

Factors affecting IBE risk estimates

Figure 3 displays a comparison of (A) the 10-year any-
IBE risk estimates for the DCIS score assay and (B) the
MSKCC nomogram with the range of radiation oncolo-
gist risk estimates, by E5194 eligibility. In 44 of 91 cases
evaluated, the DCIS score assay 10-year any-IBE risk
estimate was outside the range of the corresponding ra-
diation oncologist estimates by at least 3% (eg, the radi-
ation oncologists estimated 25%, 34%, and 35% and the
DCIS score assay estimated �22% or �38%). Within
these 44 cases, 27 cases were E5194 ineligible, and the
differences were largely in the same direction, with 43 of



Table 1 Patient characteristics for the entire cohort and by E5194 eligibility

All (N Z 91) E5194 eligible* (n Z 47) E5194 ineligible (n Z 44)

Age at diagnosis
Median (IQR) 60 (52-67) 56 (52-69) 63 (53-67)
Range 37-85 37-85 42-81
<50 years 16 (17.6%) 8 (17.0%) 8 (18.2%)
�50 years 75 (82.4%) 39 (83.0%) 36 (81.8%)

Family history
Yes 50 (54.9%) 25 (53.2%) 25 (56.8%)
No 41 (45.1%) 22 (46.8%) 19 (43.2%)

Presentation
Radiologic/imaging 88 (96.7%) 47 (100%) 41 (93.2%)
Clinical/palpable 3 (3.3%) 0 (0.0%) 3 (6.8%)

Menopausal status at study entry
Pre/peri 30 (33.0%) 17 (36.2%) 13 (29.5%)
Post 61 (67.0%) 30 (63.8%) 31 (70.5%)

Highest nuclear grade
Low 12 (13.2%) 9 (19.1%) 3 (6.8%)
Intermediate 52 (57.1%) 30 (63.8%) 22 (50.0%)
High 27 (29.7%) 8 (17.0%) 19 (43.2%)

Presence of necrosis
Present 54 (59.3%) 27 (57.4%) 27 (61.4%)
Not present 37 (40.7%) 20 (42.6%) 17 (38.6%)

Total span of DCISy, mm
Median (IQR) 10 (5-22) 7 (5-13) 20 (10-30)
Range 2-115 3-25 2-115
�5 24 (26.4%) 18 (38.3%) 6 (13.6%)
>5-10 23 (25.3%) 17 (36.2%) 6 (13.6%)
> 10-30 36 (39.6%) 12 (25.5%) 24 (54.5%)
> 30 8 (8.8%) 0 (0.0%) 8 (18.2%)

Margin size (mm)
Median (IQR) 5 (3 e 10) 8 (5 e 10) 2.3 (1 e 6)
Range 0-20 3-20 0-16
0 (ie, positive) 2 (2.2%) 0 (0.0%) 2 (4.5%)
>0 to <1 8 (8.8%) 0 (0.0%) 8 (18.2%)
1 to <3 13 (14.3%) 0 (0.0%) 13 (29.5%)
3 to <5 13 (14.3%) 9 (19.1%) 4 (9.1%)
5 to <10 26 (28.6%) 17 (36.2%) 9 (20.5%)
�10 29 (31.9%) 21 (44.7%) 8 (18.2%)

Estrogen receptor status
Positive 83 (91.2%) 43 (91.5%) 40 (90.9%)
Negative 7 (7.7%) 3 (6.4%) 4 (9.1%)
Not performed 1 (1.1%) 1 (2.1%) 0 (0.0%)

Number of surgical excisions
1 60 (65.9%) 36 (76.6%) 24 (54.5%)
2 30 (33.0%) 10 (21.3%) 20 (45.5%)
3 1 (1.1%) 1 (2.1%) 0 (0.0%)

Abbreviations: DCIS Z ductal carcinoma in situ; IQR Z interquartile range.
* There were 3 cases of DCIS <3 mm with margin �3 mm that presented radiologically. E5194 eligibility criteria specified nonpalpable DCIS 3

mm or larger with margins of at least 3 mm after breast-conserving surgery. Tumor size was limited to 2.5 cm or smaller for tumors of low or
intermediate histologic grade, and 1 cm or smaller for tumors of high histologic grade.

y In cases of microscopically multifocal disease, total span included all foci and any intervening distance.
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44 cases having DCIS score risk estimates below the
range of corresponding radiation oncologist estimates.

The radiation oncologists’ 10-year any-IBE risk esti-
mates were moderately correlated with tumor span (P Z
.41-.62) and weakly to moderately correlated with pres-
ence of necrosis (P Z .23-.44) and nuclear grade (P Z
.29-0.54). The radiation oncologists’ risk estimates had a
weak inverse correlation with age at diagnosis (P Z �.08
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Figure 1 Mean risk of any ipsilateral breast event at 10 years by source of estimate and E5194 eligibility. Sources of estimates are the
12-gene ductal carcinoma in situ score assay, Memorial Sloan Kettering Cancer Center ductal carcinoma in situ nomogram, Van Nuys
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to �.21), but a moderate to high inverse correlation with
margin size (P Z �.39 to �.75).

The 3 radiation oncologists also self-evaluated the ef-
fect (on a scale of 1-5) of age and menopausal status at
DCIS diagnosis, tumor morphology (nuclear grade and
presence of comedo necrosis), tumor length, and margin
width on their IBE risk estimates for each case. The rat-
ings showed similar weight given to these factors, with
margin width receiving the highest rating by all 3
radiation oncologists, then tumor morphology, followed
closely by tumor length, with age receiving the lowest
rating.

Comparison of treatment recommendations

The 3 radiation oncologists (A.G.A., C.E.L., and
D.L.C.) were surveyed to propose cutoffs for 10-year
estimates of any IBE risk that would prompt various



Table 2 10-year any-IBE risk estimate cutoffs for different
modes of treatment as recommended by the radiation on-
cologists (A.G.A., C.E.L., and D.L.C.)

Radiation oncologist

A.G.A. C.E.L. D.L.C.

Treatment recommendation
Excision alone, % <16 <13 <10
Consider excision alone vs

excision with radiation, %
10-20

Excision with radiation, % 16-39 13-39 21-39
Re-excision or mastectomy, % �40 �40 �40

Abbreviation: IBE Z ipsilateral breast event.
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treatment recommendations. The proposed cutoffs are
presented in Table 2, by oncologist. Radiation oncologists
A.G.A. and C.E.L., created a 3-category set of treatment
recommendations. D.L.C. had an additional treatment
recommendation category between excision alone and
excision with radiation. The radiation oncologists had
different risk estimate cutoffs for a treatment recommen-
dation of excision alone with <16%, <13%, and <10%
for A.G.A., C.E.L., and D.L.C., respectively, but all 3
recommended re-excision or mastectomy for risk esti-
mates at or above 40%.

Table 3 assigns each patient to a treatment based on the
cutoffs proposed in Table 2. Treatment recommendations
based on DCIS score assay were categorized separately
using the risk estimate cutoffs from A.G.A. and D.L.C. to
accommodate the different number of treatment cate-
gories. Comparing the 3-category results, the risk of any
Table 3 Number of patients (with column percentages) in each trea
radiation oncologist (A.G.A., C.E.L., and D.L.C.) in Table 2.

Radiation oncologist: A.G.A.

Treatment recommendation
(3-category), n (%)

Excision alone 41 (45)
Excision with radiation 42 (46)
Re-excision or mastectomy 8 (9)

Radiation oncologist

Treatment recommendation
(4-category), n (%)

Excision alone 1 (1)
Consider excision alone vs
excision with radiation

41 (45)

Excision with radiation 38 (42)
Re-excision or mastectomy 11 (12)

Abbreviation: DCIS Z ductal carcinoma in situ.
Treatment recommendations based on the 12-gene DCIS score assay were
ommendations and D.L.C. risk estimate cutoffs for 4-category recommendat
IBE as estimated by the DCIS score assay led to 62% of
patients recommended excision alone, compared with
45% and 40% for A.G.A. and C.E.L. For the 4-category
results, 90% of the patients were in the recommended
treatment categories “excision alone” or “consider exci-
sion alone versus excision with radiation,” based on their
DCIS score result risk estimate compared with 46% for
D.L.C. In 78% (71 out of 91 cases) there was a consensus
treatment recommendation among the radiation oncolo-
gists A.G.A. and C.E.L.: 32 for excision alone, 36 for
excision with radiation, and 3 for further surgery or
mastectomy. In 45% (41 out of 91 cases), the treatment
recommendation was consistent across risk estimates
based on the DCIS score result and radiation oncologists
A.G.A. and C.E.L. In 23% (21 out of 91 cases), the
treatment associated with the risk estimate provided by
the DCIS score result agreed with that for the estimate by
the radiation oncologist D.L.C. Among the 41 cases
where the treatment recommendation for A.G.A., C.E.L.,
and the DCIS score assay was concordant, 25 (61%) were
E5194 eligible, and for the 21 concordant recommenda-
tions for D.L.C. and the DCIS score assay, 12 (57%) were
E5194 eligible.

Discussion

We hypothesized that if different methods of IBE risk
assessment result in similar IBE estimates, this would
imply similarity or reliable reproducibility between
methods. Subsequently, if the risk estimates were highly
correlated among methods, it would suggest that the
tment category using the any-IBE risk estimate cutoffs for each

Source of estimate

Radiation oncologist: C.E.L. DCIS score assay

36 (40) 56 (62)
50 (55) 34 (37)
5 (5) 1 (1)

Source of estimate

: D.L.C. DCIS score assay

38 (42)
44 (48)

8 (9)
1 (1)

categorized using the A.G.A. risk estimate cutoffs for 3-category rec-
ions.
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methods are interchangeable. Neither case was observed
in this study. Instead, there was a range of estimates
across the various methods of calculating risk, and there
was varying agreement between the 10-year IBE risk
estimates of the MSKCC DCIS calculator, the VNPI
nomogram, radiation oncologists, and the DCIS score
assay.

Regardless of clinicopathologic factors such as age at
diagnosis, extent of surgery, use of tamoxifen, method of
DCIS detection, margin status, focality, grade, comedo
necrosis, architecture, or disease span, adjuvant radiation
therapy consistently reduces the risk of a subsequent IBE
(in situ and invasive) by half or more.27-31 The dilemma at
the core of the debate is essentially whether to err on the
side of overtreatment or undertreatment. Clinicians who
advocate for a less aggressive prophylactic approach cite
the lack of survival benefit, coupled with the observation
that ~70% of women with small (�20 mm), low-grade
DCIS and negative margins remained disease-free at 10
years after surgery alone, to suggest that radiation therapy
for all DCIS cases may represent significant
overtreatment.32,33

On the other hand, undertreatment remains a signifi-
cant concern even for patients with low-grade tumors.
One retrospective series that identified DCIS in biopsies
originally thought to be benign highlighted this issue.
Invasive carcinoma developed in almost 40% of the
women (mostly within 10 years), and 5 women (17.9%)
eventually died of metastatic breast cancer.34 Whether this
cautionary tale from the pre-mammography era is gener-
alizable to the low-grade DCIS tumors detected by im-
aging today remains a relevant question.

Although there is a general consensus that adjuvant
radiation therapy does not confer any survival or mortality
advantages, a simulated model integrating clinical events
as reported by published studies (including the UK/ANZ
study) suggests that the addition of adjuvant radiation and
tamoxifen increases overall survival by 12 months (for
women aged 45 years at diagnosis) relative to lumpec-
tomy alone, while radiation therapy alone increases sur-
vival by only 6 months.35 In addition, Sagara et al have
demonstrated that patients with a combination of poor
prognostic variables did gain a survival benefit with
adjuvant breast radiation therapy.36 The benefit of radia-
tion may also be greater in women older than age 50 than
in younger women, although the simulated model sug-
gests the survival benefit remains similar between the age
groups, with radiation improving survival by 4 months in
women aged 45 years and 5 months in women aged 60
years.33,35 Supporters of the adjuvant treatment approach
point to the fact that the majority of IBEs occurring inside
the index quadrant reinforces the adjuvant approach of
treating residual cancer cells, even in the presence of clear
margins, with local treatment. Further, they contend that
the use of tamoxifen does not eliminate the need for ra-
diation therapy because studies have found that ~15% of
patients who experienced an invasive IBE developed
subsequent metastases.5,37-42

Strengths of this study include the diversity of methods
employed and the number of participating radiation on-
cologists. In addition to traditional methods of calculating
risk and radiation oncologist risk estimates, we obtained
molecular test results from the DCIS score assay. This
tool has been clinically validated as an objective,
analytical, and reproducible prognostic tool for estimating
10-year ipsilateral breast recurrence risk in 2 separate
studies.20,22 Limitations of this study include the small
number of patients and the lack of clinical outcomes.

Despite the results from the 2 clinical validation
studies of the DCIS score assay, physicians continue to
advocate for the use of the MSKCC DCIS nomogram or
VNPI as no-additional-cost methods to replicate the DCIS
score risk estimates. The results presented in this study
show that these alternative methods and radiation oncol-
ogist estimates do not strongly correlate with IBE risk as
determined by the DCIS score assay. Our study found that
the only strong correlation between methods (P > .7) was
observed between radiation oncologist estimates and the
VNPI estimates. This may indicate the VNPI was used by
the radiation oncologists in this study for their assessment
of IBE risk, as they calculated their estimates using the
tools in their usual clinical practice without knowledge of
the DCIS score result. Importantly, our data show how the
traditional and radiation oncologist risk estimates over-
estimate risk as unfavorable clinicopathologic factors in-
crease compared with the DCIS score estimates, leading
to different treatment recommendations (Table 3). This
finding may explain how use of the DCIS score results led
to a reduction in adjuvant breast radiation therapy rec-
ommendations in 2 clinical utility studies.43,44
Conclusions

In conclusion, we have shown how use of the DCIS
score assay provides independent IBE risk estimates
compared with traditional methods of calculating risk and
radiation oncologist risk estimates. When clinicopatho-
logic risk factors increase, traditional methods of calcu-
lating risk and radiation oncologist risk assessments
overestimate the risk of recurrence compared with DCIS
score risk estimates. Traditional methods of calculating
risk and radiation oncologist risk estimates are not highly
associated with the DCIS score assay risk estimates and
are not interchangeable.
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