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Abstract

Nearly 20% of all breast cancer cases are ductal carcinoma in situ (DCIS), with over 60,000 cases
diagnosed each year. Many of these cases would never cause clinical symptoms or threaten the life
of the woman; however, it is currently impossible to distinguish which lesions will progress to
invasive disease from those that will not. DCIS is generally associated with an excellent prognosis
regardless of treatment pathway, but there is variation in treatment aggressiveness that appears to
exceed the medical uncertainty associated with DCIS management. Therefore, it would seem that
a significant proportion of women with DCIS receive more extensive treatment than is needed.
This overtreatment of DCIS is a growing concern among the breast cancer community and has
implications for both the patient (via adverse treatment-related effects, as well as out-of-pocket
costs) and society (via economic costs and the public health and environmental harms resulting
from healthcare delivery). This paper discusses DCIS treatment pathways and their implications
for patients and society, and calls for further research to examine the factors that are leading to
such wide variation in treatment decisions.
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Introduction

In 2014, an estimated 232,000 new breast cancer cases will be diagnosed in the U.S. (1), of
which approximately 20% will be ductal carcinoma in situ (DCIS) (2, 3). DCIS is the
earliest form of breast cancer; it is a non-invasive disease and estimates suggest that without
treatment, up to 70% of cases would never become clinically relevant (4-6). However,
clinicians cannot differentiate lesions that are likely to progress to invasive, potentially lethal
disease from those that could be spared treatment. A diagnosis of DCIS carries an excellent
prognosis with a 15-year breast cancer mortality rate of 3%, regardless of the treatment
received (7, 8). Treatment of DCIS varies widely in aggressiveness and may include some
combination of breast conserving surgery (BCS) with or without radiation, unilateral or
bilateral total mastectomy, contralateral prophylactic mastectomy, breast reconstruction, and
anti-estrogen hormone therapy (9, 10). Aggressive treatment may be an appropriate
therapeutic approach in certain high-risk cases, but an increasing number of studies have
shown institutional, regional, and national-level variation in the use of mastectomy that
exceeds the medical uncertainty pertaining to DCIS management (9, 11-13). This variation
has led to widespread concern in the medical community that DCIS is being overtreated
(14). In many cases, aggressive treatment may not be in the best long-term interest of the
patient given potential treatment complications, the adequate cancer control provided by less
aggressive treatments, and the increased risk of long term complications posed by some
treatments. The objectives of this review are to discuss the range of impacts that may result
from the overtreatment of DCIS, and to call for further research to determine the factors that
have led to the current wide variation in treatment decisions.

DCIS treatment pathways and patient health outcomes

About half of DCIS cases receive BCS with radiation (Figure 1), and approximately 40% of
all patients, regardless of surgical treatment pathway, receive hormone therapy (e.g.,
Tamoxifen) as an adjuvant therapy for lesions that are estrogen receptor (ER)-positive (9,
10). While these treatments result in a very high survival rate, DCIS diagnosis and treatment
in general has been associated with adverse health effects among patients. DCIS survivors
report decreased physical activity, high rates of weight gain, and elevated use of anti-
depressants following DCIS treatment (15), as well as reduction in social functioning,
mental health, and vitality (16, 17).

Survivors who receive Tamoxifen as part of their treatment regimen for ER-positive lesions
experience an increased risk of developing endometrial cancer and are more likely to
experience thromboembolic and cerebrovascular events, hot flashes, irregular menses, and
vaginal discharge than those who do not receive this hormone therapy (18-23). Radiation
therapy also has a number of associated side effects including an increased risk of cardiac
toxicity, secondary cancers, pneumonitis, and most commonly lymphedema and radiation-
induced fatigue (22, 24-26). Survivors who elect to undergo mastectomy report lower rates
of physical activity than those who choose a less aggressive treatment (27). After
mastectomy, DCIS patients have reported lower body image and sexual functioning than
those treated with BCS (28). Our preliminary data from the Wisconsin In Situ Cohort
suggests that DCIS patients treated with BCS may have better physical function and fewer
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physical role limitations, compared to women treated with mastectomy. These outcomes
suggest that overly aggressive treatment of DCIS may have unnecessary long-term impacts
on the health and well being of women.

The question of overtreatment

The medical community has responded to DCIS overtreatment concerns in a number of
ways. Some have proposed changing the terminology used to describe DCIS since many
women overestimate the risk of a DCIS diagnosis (17, 29). Others have suggested active
surveillance, or “watchful waiting,” as a reasonable approach to treating DCIS (30) since
estimates suggest that, in the absence of treatment, only one in five low-grade DCIS cases
would progress to invasive disease over a period of up to 40 years (31, 32). In a state-of-the-
science consensus conference, a panel convened by the National Cancer Institute concluded
that research seeking to understand treatment decision-making for DCIS patients is a high
priority topic, with a goal of enabling more appropriate DCIS care (33). A better
understanding of treatment decision-making will be required to reduce overtreatment and
create conditions under which new approaches to patient care such as watchful waiting can
be tested.

Economic, Public Health, and Environmental Impacts of DCIS Treatment

In general, the provision of medical care is associated with a number of societal trade-offs;
such trade-offs have not been characterized for DCIS. In this section, we provide an
overview of the costs of medical care and call for an investigation to determine the specific
costs associated with DCIS.

The economic costs of healthcare are perhaps the most recognized impacts and range from
the burden of out-of-pocket costs on individual patients and families (34, 35), to the societal
level costs associated with national medical expenditures (36, 37). In 2010, the overall cost
of care for female breast cancer was estimated to be $16.5 billion in the U.S. (38). As a
result of increasingly intensive treatments and the introduction of new cancer therapies, total
breast cancer treatment costs are projected to increase by 32% in the next 10 years (38).
DCIS treatment represents only a portion of these costs, but the implication that DCIS may
often be overtreated suggests that the proportion of these economic costs associated with
DCIS treatment could be much lower.

The economic costs of medical care represent a vast array of goods and services that have
further inter- related public health and environmental impacts. Medical care relies upon a
vast infrastructure of workers and natural resource inputs to support everyday delivery of
care (39). Each of the materials used in this infrastructure has an environmental legacy
starting with its extraction as a natural resource, continuing through manufacture,
distribution, and transport, through the eventual disposal of part or all of the material as
waste. Throughout the life cycles of these material commaodity chains, workers and
communities may be exposed to hazardous substances that may ultimately lead to negative
health outcomes.
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Previous research on the environmental and public health impacts of cancer care suggests
that the largest impacts of medical care result from the cumulative costs that increase
throughout the life cycle of medical supply chains (40, 41). The life-cycle consequences of
plastics illustrate the range of impacts from medical supply chains, and the ubiquity of
plastics in medical care makes their cumulative social and ecological impacts directly
applicable to DCIS. As a petroleum-derived product, plastic production is associated with
habitat destruction, soil erosion, chemical contamination of land and water, human health
and safety risks for oil workers and neighboring communities, and social justice issues
related to oil drilling and extraction (42). Emissions from the long-distance transport of
commaodities such as plastic are a major contributor to the environmental and human health
impacts of climate change (43, 44). At the point-of-care, the leaching of bisphenol A (BPA)
and bis(2-ethylhexyl) phthalate (DEHP) from plastic tubing, intravenous bags, and other
supplies pose health risks to patients (45). Finally, disposal of plastic waste poses a number
of health risks, including the consequences of dioxin emissions from medical waste
incineration, which has led to an ongoing campaign to remove polyvinyl chloride (PVC)
from materials used in healthcare (46).

Other currently understudied areas of concern related to DCIS treatment are the public and
occupational health outcomes of ionizing radiation exposure that result from breast cancer
diagnosis and treatment. Exposures to ionizing radiation related to the management of DCIS
occur during screening mammaography used for diagnosis, radiation therapy as part of
treatment, and subsequent screening and surveillance mammography. This exposure risk
involves patients as well as trained medical staff. Current conservative estimates suggest that
86 cancers will be induced and 11 deaths will occur per 100,000 women due to
mammography in women who receive annual mammograms from age 40 to 55, and biennial
mammograms thereafter to age 74 (47). Though the risk of screening mammography is
generally considered small in relation to the number of lives saved (1 per 1,339 50 to 59
year old women screened; Nelson 2009), this trade-off must be seen in light of increasing
concern regarding the over diagnosis and overtreatment of breast cancer (48, 49). Likewise,
whereas whole-breast radiation following BCS is associated with reduced incidence of
recurrence among DCIS patients, there is no evidence that this treatment reduces breast
cancer mortality, likely because breast cancer death after DCIS is a relatively rare event
regardless of treatment (50). In addition, therapeutic radiation is associated with a number of
adverse health impacts as described above. When combined, the evidence of risks and
benefits to patients from radiation used in DCIS imaging and treatment suggests that
radiation poses harms that deserve serious consideration. The same is true of occupational
exposures to ionizing radiation among medical workers. There is a paucity of data regarding
average annual doses, time trends, organ doses of radiation, and associated lifetime cancer
risks among medical radiation workers (51). Though the health risks of such radiation
exposure are greatly minimized in the U.S. thanks to radiation-specific occupational health
and safety standards, they are cumulative over time and therefore merit continued
surveillance.
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Conclusions

Two separate DCIS management issues appear to be significant factors in the overtreatment
of this non-invasive disease. First, there are many cases of DCIS that could be effectively
managed with minimal treatment, but our current inability to clinically differentiate lesions
that could be spared treatment from those that require more aggressive intervention causes
many women to undergo treatment that would otherwise be considered unnecessary.
Second, DCIS patients often choose treatments that are more aggressive than the medical
community believes are necessary, for example mastectomy when BCS is considered
appropriate. Regardless of cause, DCIS overtreatment leads to a number of potentially
adverse implications for patient health and society. In addition to improved prognostic tools,
efforts to improve our understanding of patient, physician, and other factors in the treatment
decision-making process are needed. Qualitative and quantitative research evaluating the
decision-making process and the downstream impacts on patients and society will help
inform policies and develop strategies for patients and providers to make evidence-based
decisions regarding treatment choices. Lessons learned from DCIS overtreatment may be
applicable to other diseases, especially when they incur a combination of uncertainty and
intense emotions. In addition, the life-cycle analysis approach suggested here can be widely
applied to other medical interventions to clarify the societal trade-offs associated with
current medical practices and complex decision-making.
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Figure 1.
Percent of DCIS cases receiving various treatments (9, 10).
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