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Purpose: Numerous quality measures have been proposed in radiation oncology, and initiatives to improve access to high-
complexity care, quality, and equity are needed. We describe the design and evaluate effect of a voluntary statewide collabora-
tion for quality improvement in radiation oncology initiated a decade ago.
Methods and Materials: We evaluate compliance before and since implementation of annual metrics for quality improve-
ment, using an observational data set with information from more than 20,000 patients treated in the 28 participating radiation
oncology practices. At thrice-yearly meetings, experts have spoken regarding trends within the field and inspired discussions
regarding potential targets for quality improvement. Blinded data on practices at various sites have been provided. Following
Standards for Quality Improvement Reporting Excellence guidelines, we describe the approach and measures the program has
implemented. To evaluate effect, we compare compliance at baseline and now with active measures using mixed effects regres-
sion models with site-level random effects.
Results: Compliance has increased, including use of guideline-concordant hypofractionated radiation therapy, doses to targets
or normal tissues, motion management, and consistency in delineating and naming contoured structures (a precondition for
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quality evaluation). For example, use of guideline-concordant hypofractionation for breast cancer increased from 47% to 97%,
adherence to target coverage goals and heart dose limits for dose increased from 46% to 86%, motion assessment in patients
with lung cancer increased from 52% to 94%, and use of standard nomenclature increased from 53% to 82% for lung patients
and from 80% to 94% for breast patients (all P < .001).
Conclusions: Although observational analysis cannot fully exclude secular trends, contextual data revealing slow uptake of
best practices elsewhere in the United States and qualitative feedback from participants suggests that this initiative has
improved the consistency, efficiency, and quality of radiation oncology care in its member practices and may be a model for
oncology quality improvement more generally. � 2022 Elsevier Inc. All rights reserved.
Introduction
Large-scale initiatives to promote equitable access to high-qual-
ity complex medical care could meaningfully improve the pub-
lic health. Blue Cross Blue Shield of Michigan (BCBSM) has
sponsored numerous statewide or regional collaborative quality
initiatives (CQIs), using a model of payment for participation
combined with streamlined reimbursement processes for high-
performing sites to encourage quality improvement. Previous
research has shown how evenmodest improvements in surgical
complications could yield substantial savings to third-party
payers supporting such efforts,1 and numerous reports have
detailed the effect of the specific surgical programs in outcomes
ranging from reduction of venous thromboembolism to mean-
ingful weight reduction after bariatric surgery.2-16 Although the
initial collaborations involved surgical fields, the BCBSMValue
Partnerships Program has ultimately grown to include initia-
tives in other disciplines, including radiation oncology.

Within radiation oncology care, quality involves the
administration of treatment that yields tumor control while
minimizing toxicity and burden for patients.17,18 Although
numerous quality measures have been proposed, and
research has identified a number of readily measurable sur-
rogate endpoints such as dose to critical structures that pre-
dict for subsequent toxicity in patients,19,20 few collaborative
interprofessional efforts designed to optimize the quality of
radiation oncology care exist.

Sufficient experience has now accumulated to evaluate the
effect of one such initiative, the Michigan Radiation Oncology
Quality Consortium (MROQC), funded by BCBSM, which is
an insurer/payer. on care delivery in participating practices.
This article details the activities of the initiative as a whole
and the first 3 site-specific working groups of MROQC,
focused on breast cancer, lung cancer, and bone metastases.
Specifically, it evaluates time trends in data collected to illu-
minate the effects thus far of this statewide initiative and
inform similar efforts elsewhere.
Methods
Methods overview

To evaluate the effect of this comprehensive quality
improvement initiative, following Standards for Quality
Improvement Reporting Excellence (SQUIRE) guidelines,21

we describe the overall structure and approach of the pro-
gram. We detail the incentive structures that have been
developed to encourage participation and quality.

Next, we detail the history of specific measures that the
program has developed and implemented. We describe
baseline (in the year before initiation of a measure) and cur-
rent rates of compliance with measures among participating
practices. We also provide more detailed information
regarding compliance over time with select consensus stand-
ards and trends over time in each of 3 areas that have been
the focus of major efforts within the consortium: motion
management, hypofractionation, and consistent use of rec-
ommended nomenclature.

Finally, we provide complementary evidence from the
qualitative analysis of an open-ended item included in a
survey of consortium clinical champions and site admin-
istrators, asking participants to reflect on the effect of
the initiative. These responses were thematically coded22

and are summarized based on content, with illustrative
quotations.
Statistical methods

Patient level outcomes were largely binary measures and
were summarized as binomial proportions with 95% Wilson
score confidence intervals (CIs) for eligible patients. Mixed
effect logistic regression models were used to test the
hypotheses that the proportion of patients meeting a partic-
ular measure changed from the year before initiation to the
most recent complete year (2020), which is the period that
is described as “now” or “current” in the results. Site level
random effects were included to account for expected corre-
lation within site and some changing of participating sites
over time. In all cases, performance was calculated over a
standardized period (January 1 to September 30 for each
calendar year) to mirror current practice for reporting to
BCBSM used to determine sites’ reimbursement as detailed
further in the description of the program that follows in the
results section. We note that this was not always the case,
and for this reason and due to the live nature of the
MROQC database, some measures may not exactly match
prior publications. SAS version 9.4 was used for all statistical
analysis and a 2-sided.05 significance level was used.
Because these efforts were primarily intended for quality
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improvement rather than designed to develop or contribute
to generalizable knowledge, the University of Michigan
Institutional Review Board determined that it was a nonreg-
ulated quality improvement activity.
Results
Overall structure and approach

Planning for MROQC began in 2010 at the University of
Michigan, which was designated by BCBSM as the coordi-
nating center of a collaborative quality initiative for radia-
tion oncology. Experts in radiation oncology, medical
physics, dosimetry, patient-reported outcomes evaluation,
biostatistics, information technology, and quality improve-
ment convened to determine what modifications of the
existing model that had been implemented primarily in
surgical disciplines were needed to accommodate the con-
text of radiation oncology quality improvement. It was
soon apparent that a labor-intensive but necessary precon-
dition of a collaborative quality initiative specific to radia-
tion oncology was the development of a customized and
universally accessible infrastructure that could gather the
complex imaging and dosimetric data from various radia-
tion treatment planning systems that must be analyzed to
optimize care in this particular field, as described in detail
elsewhere.23

The remainder of the program design was heavily influ-
enced by the experience in the existing surgical quality ini-
tiatives supported by BCBSM, with a plan to support the
participation of diverse practices across the state through a
combination of direct payments for staff and infrastructure
(based on number of patient cases) and incentives that
reward demonstrated excellence in quality. Unlike some col-
laborative quality initiatives in which participation is
required, practices interested in participating in MROQC
join voluntarily by contacting the coordinating center. A
pay for performance approach evaluates practices based on
submission of data and compliance with a number of pro-
cess and outcomes measures that are proposed by the can-
cer-site specific working groups each year and discussed,
revised, and ultimately endorsed by consensus at a consor-
tium meeting. Appendix EA details the scoring system used
for the current year of the initiative.

As an additional incentive for high quality care, a “gold
card” system eliminates time-consuming prior authorization
requirements to streamline reimbursement for high-per-
forming practices; this is true for all cases covered by
BCBSM, not only those with diseases currently being evalu-
ated in the consortium, with the exception of cases involving
use of proton therapy. Since 2017, those practices who meet
specific criteria set by the consortium and BCBSM have
been granted “gold card” status. In the first year that gold
carding was offered 43% of practices qualified; for 2021, all
27 practices qualified for gold card status. Table EA details
the current “gold card” criteria. Table EB shows the number
and percent of practices qualifying for gold card status since
the initiation of this incentive.

A third incentive for high-quality care involves value-
based reimbursement, which provides up to a 5% increase
in provider fee-for-service payments for those meeting spec-
ified measures. The value-based reimbursement system is
described in further detail in Appendix EB.
Development of and compliance with measures

MROQC began data collection in 2012, including patient-
level data collected from providers and patients themselves,
detailed treatment planning information, and administra-
tive practice-level data; these data are audited regularly to
ensure their quality. Since the initiation of the consortium,
radiation oncologists, medical physicists, dosimetrists, data
abstractors, statisticians, and practice administrators from
sites across the state of Michigan have convened thrice
yearly in person (and virtually in 2020 and 2021). Meeting
attendance has been high, with more than 90% of sites
sending at least a physician clinical champion and most
also sending a medical physicist or dosimetrist, data
abstractor, and administrative lead. At these meetings,
expert speakers have spoken regarding trends within the
field and inspired discussions regarding potential targets
for quality improvement within the consortium. Blinded
data on practices at various sites have also been regularly
presented, and the group has iteratively developed new ini-
tiatives and consensus-based benchmarks intended to
improve radiation oncology care delivery and patient expe-
riences and outcomes of care, with regular meetings of
site-specific working groups focused on breast cancer, lung
cancer, and bone metastases; recently, a prostate cancer
working group has been added and interventions will soon
include patients with prostate cancer as well. Of the 27
sites currently participating, 5 are academic sites and the
remaining 22 sites are community practices. Practice vol-
ume varies from low to very high. When assessed by
grouping based on total nonspecial megavoltage radiation
therapy visits as reported for state certificate of need pur-
poses in 2018, 3 sites had low volume of cases (0-5000), 4
had moderate volume (5001-10,000), 13 had high volume
(10,000-15,000), and 7 had extremely high volume
(>15,000).

Table 1 provides an overview of the primary form of
intervention in the consortium, which involves the identifi-
cation of targets for quality improvement, with specific
measures and setting of targets. As detailed in the table,
increased proportions of patients in the consortium met
prespecified thresholds for compliance after each measure
was specified. For example, use of guideline-concordant
hypofractionation for breast cancer increased from 47%
(95% CI, 40%-53%) in 2014 to 97% (95% CI, 96%-98%)
now, adherence to target coverage goals and heart dose lim-
its for dose increased from 46% (95% CI, 30%-64%) in 2019



Table 1 Implementation of quality improvement measures

Measure*
Year

initiated

Baseline rate: year before
initiation of measure

(95% CI)
Current
target rate

Current rate
(95% CI) P valuey

Use hypofractionation in guideline-
concordant breast patients

2014 47% (40,53) ≥90% 97% (96,98) <.001

Motion assessment in lung patients 2014 52% (45,59) ≥90% 94% (91,96) <.001

Limit mean heart dose in patients with breast
cancer to specified maximaz

2015 62%z (59,65) ≥85%z 97%z (95,98) <.001

PTV expansion drawn around lumpectomy
cavity for breast patients

2017 41% (39,44) ≥80% 98% (97,98) <.001

Lung GTV defined per consortium
guidelines

2017 76% (71,81) ≥90% 97% (94,98) <.001

Lung PTV defined per consortium guidelines 2017 81% (75,85) ≥90% 88% (83,91) .005

Avoid >10 fractions for bone metastasesx 2019 97% (95,98) ≥80% 98% (97,99) .723

≥95% of PTV receives ≥100% of
prescription dose AND mean heart dose
≤20 Gy for lung patients

2019 46% (30,64) ≥65% 86% (82,89) <.001

Use TG-263 standards for heart, PTV,
esophagus, spinal cord or canal, and
normal lung for lung cancer patients

2020 53% (48,59) ≥50% 82% (77,86) <.001

Use TG-263 standards for heart, breast
PTV, lumpectomy cavity PTV, and
ipsilateral lung for breast cancer patients

2020 80% (78,82) ≥80% 94% (93,96) <.001

Use single fraction for uncomplicated bone
metastases

2020 15% (10,22) ≥20% 28% (22,37) .018

Breast boost omission in low-risk patients 2020 55% (36,54) >70% 64% (55,72) .224

CI = confidence interval; GTV = gross tumor volume; PTV = planning target volume; TG-263 = American Association of Physicists in Medicine’s Task
Group 263.
* Measures in bold remain active; measures not bolded are in maintenance (no longer tied to pay for performance scoring).
y P values correspond to test of null hypothesis of equal rates in a mixed-effects logistic regression model with time (baseline vs current) and random site
level intercept to account for correlated observations within site.
z Mean heart dose limits were changed over time. The baseline rate in 2015 reflects the initial goal, which was <2 Gy mean heart dose regardless of frac-
tionation or laterality. In 2019, the goals were changed as follows. For patients receiving conventional fractionation, the goals are ≤1.7 Gy (left-sided) or
≤1 Gy (right-sided). For patients receiving hypofractionation, the goals are ≤1.2 Gy (left-sided) or ≤0.7 Gy (right-sided). The current rate reflects the per-
centage meeting this new (stricter) definition.
x Initial measure for bone metastasis management was determined based on a 2018 survey of sites that suggested that use of extended (>10 fraction) regi-
mens remained common practice. Because compliance was so high both before and after measure implementation, this measure was rapidly retired and
replaced with the measurement of use of single fraction radiation for uncomplicated bone metastases.
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to 86% (95% CI, 82%-89%) now, motion assessment in
patients with lung cancer increased from 52% (95% CI,
45%-59%) in 2014 to 94% (95% CI, 91%-96%) now, and use
of standard nomenclature increased from 53% (95% CI,
48%-59%) to 82% (95% CI, 77%-86%) for lung patients and
from 80% (95% CI, 78%-82%) to 94% (95% CI, 93%-96%)
for breast patients.

Of note, thresholds and goals for compliance are delib-
erately not set to 100%, to account for individual patient
heterogeneity that may make compliance with a particular
practice inappropriate. Initial targets are set close to his-
torical levels and then iteratively increased before a consis-
tent and sufficient level of compliance is achieved, at
which point the measure is put into maintenance and no
longer included in the system of allocating points for the
pay-for-performance aspect of the program. Nevertheless,
as seen in the table, high rates of compliance continue to
be observed even for measures in maintenance. In some
instances, a prior measure is combined with a new mea-
sure to confirm that the prior gains are retained and to
build further on that success. This is especially helpful
when considering tradeoffs between dosimetric coverage
of targets and tradeoffs for doses to organs-at-risk, as
exemplified by the current measure that includes require-
ments for both planning target volume (PTV) coverage
and limits on mean heart dose for patients with lung can-
cer, building on a prior measure that had focused on PTV
coverage alone.
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Figure 1 shows how data on compliance with each mea-
sure is presented to individual sites, to guide their quality
improvement efforts and allow them to benchmark against
their peers. Sites not only receive data on their overall per-
formance but also the performance of individual physicians
within the practice.

A more detailed depiction of compliance with a single
measure, motion management in the treatment of lung can-
cer, is presented over time in Figure 2. As shown, over time,
the target rate was adjusted to encourage increasing levels of
compliance, and compliance increased over time, both at
the per-site level (number of sites where a prespecified per-
cent of patients at that site meet expectations) and at the
per-patient level in the consortium overall.

Increasing utilization of hypofractionation in the treat-
ment of breast cancer and bone metastases is depicted in
Figure 3. Of note, given new consensus guidelines published
in 2018 for whole breast irradiation,24 the definition of “eli-
gible patients” was changed to become more inclusive, and
there was a transient dip in performance at that time, fol-
lowed by a continued trajectory of increase.

Figure 4 shows increasing compliance within the consor-
tium with the use of standards articulated by the American
Association of Physicists in Medicine’s Task Group 263
(TG-263) for nomenclature for specific contoured structures
in patients with breast and lung cancer in the consortium
since the year of publication of that report.25
Participants’ perspectives

Results of an open-ended item included in a survey of
attendees at the February 2021 consortium meeting
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and efficiency of radiation therapy.” Another remarked,
“MROQC has helped to foster a real culture of quality
improvement in our practice. By spending time with
peers and seeing benchmarking data, we are inspired to
do better and learn how we can. I learn something at
every meeting.”

Others commented on the importance of accountabil-
ity. As one respondent noted, “MROQC has markedly
changed our clinical practice. The performance measures
have provided a level of accountability that we were
lacking. It is very important for us to see how we com-
pare to our peers.” Another stated, “The reports are
helpful for taking feedback to our practice on areas of
successful improvement and areas where we still need
work.”

Some reflected on how the collection of patient-reported
outcomes in the consortium empowered patients in ways
that also elevated quality. As one respondent described, “My
perception of the MROQC project is that it gives patients
the opportunity to be more involved in their care and also
allows them to feel heard, both extremely important ele-
ments when referencing quality of care.” Another noted, “I
feel that the patients benefit from their communication with
MROQC as it gives them a unique opportunity to share
g heart dose threshold - Site Rate for 2020

A
L 

(3
3/

33
)

BS
 (1

3/
13

)

JC
 (4

9/
49

)

JI
 (1

9/
19

)

KO
 (2

3/
23

)

LK
 (2

6/
26

)

O
Q

 (2
3/

23
)

Q
C 

(2
1/

21
)

SF
 (6

6/
66

)

U
J (

19
/1

9)

W
P 

(1
3/

13
)

XY
 (4

9/
49

)

ZC
 (1

4/
14

)

ZX
 (1

00
/1

00
)

0 100 100 100 100 100 100 100 100 100 100 100 100 100

hrehold (≥85%) ___ Indicates No Points Threshold(<60%)

asures. (A) Single-site data in the context of peers for a single
al physicians, whose names and number of eligible cases are
deliberately truncated inferiorly for purposes of publication).



0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 9/30/2013

1/31/2014

5/31/2014

9/30/2014

1/31/2015

5/31/2015

9/30/2015

1/31/2016

6/30/2016

1/31/2017

6/30/2017

1/31/2018

6/30/2018

12/31/2018

6/30/2019

12/31/2019

6/30/2020

12/31/2020

6/30/2021

5

10

15

20

25

Motion Assessment

Sites Not Meeting Target Sites Meeting Target Measurement Rate Annual Target Rate

Fig. 2. Target rates and compliance with motion assessment in patients with lung cancer over time. Measurement rate is the
percentage of patients in the consortium who had motion assessment as part of their treatment planning. The annual target
rate is the percentage of a single site’s patients who must have had motion assessment in order for the site to receive full points
in the pay-for-performance evaluation (and be counted as a “site meeting target” in the figure).

ARTICLE IN PRESS
6 Jagsi et al. International Journal of Radiation Oncology � Biology � Physics
their personal experience and receive feedback regarding
treatment and care.”

The few negative comments focused on how certain
efforts might seem more academic in nature and strain
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Discussion

MROQC has now collected detailed observational data from
more than 20,000 patients treated with radiation therapy
and specified a number of measurable targets for quality
improvement. Comparisons of rates of compliance with
quality measures before their specification and now, along
with qualitative perceptions of participants, suggest mean-
ingful transformation in both processes and outcomes of
care in this setting. Specifically, care transformation appears
to have resulted from the unique intervention that involves
a consensus-based approach to defining targets for quality
improvement and the collection and regular presentation of
site-specific data.

These findings are consistent with those reported from
quality initiatives in other fields within the BCBSM collabo-
rative framework. As Sheetz and Engelsbe have described,
the state of Michigan is home to 25 active CQIs that engage
the medical community in setting a quality improvement
agenda to inform value-based reimbursement and pay-for-
performance programs.26 MROQC adheres to the same
basic principles as its peer CQIs in other specialties, using
incentive programs that are nonpunitive and build on the
quality improvement agenda defined by the medical com-
munity. Legitimacy of the endeavor is buttressed by support
for the collection of patient-reported outcomes and data
that are accurate, timely, and relevant. The engagement of
the provider community as well as patients in the initiative
have been remarkable, as evidenced by attendance at meet-
ings and working groups as well as submission of provider-
reported and patient-reported data.

Changes observed in the context of this CQI are clinically
meaningful. For example, improvement in the efficiency of
care delivery through increased use of hypofractionation in
appropriate patients has clear benefits. The increased use in
this setting is remarkable because uptake of hypofractiona-
tion has been slow in other settings,27-29 although examples
of other quality improvement interventions30,31 and payer
incentives32 have suggested the ability to encourage use, just
as in this endeavor.

Similarly, reductions in doses to critical normal struc-
tures, particularly the heart, are essential to reduce treat-
ment-related morbidity and mortality.19 Nevertheless, mean
heart doses reported in the literature have remained high at
other centers,33 whereas they have fallen within this particu-
lar consortium for patients treated for breast cancer,34 and
current efforts focus on addressing heart dose in the man-
agement of patients with lung cancer.35

In addition to outcomes measures like fractionation use
and doses to normal tissues (a surrogate known to predict
toxicity), the findings reported in this manuscript suggest
improvement in process measures of great importance. The
increasing rate of compliance with standardized nomencla-
ture is particularly noteworthy because adherence to such
standards constitutes a precondition for consistent interin-
stitutional quality evaluation.25 Future research should
strive to assess effect of such initiatives and improvements
in process measures on patient outcomes directly.

Although this endeavor appears to have had numerous
positive aspects, it is not without costs. Although BCBSM
provides financial support, our qualitative findings suggest
that certain aspects of the program may strain staffing, par-
ticularly for community sites. Burden on participating sites
can be an important unintended consequence of quality
improvement initiatives that those seeking to build on this
model must keep in mind. Detailed economic analyses have
not been conducted and would be a worthy subject for
future research. A simple internal analysis that compared
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bone metastasis fractionation schedules within the consor-
tium and nationally suggested that between 2018 and 2020,
practices in MROQC saved their payers (including but not
limited to the sponsor of the consortium) over $4.5M in this
one area alone, suggesting that models like this do have the
potential to generate substantial cost savings.

One key limitation of this work is that observational
analysis cannot fully exclude secular trends. Given the lack
of national registries in the United States with detailed
radiation therapy treatment information, comparison to
contemporaneous practice elsewhere is challenging. Never-
theless, contextual data revealing slow uptake of best prac-
tices elsewhere in the United States suggests that MROQC
has improved the consistency, efficiency, and quality of
radiation oncology care in its member practices. For exam-
ple, Parikh et al32 have reported from a data set of admin-
istrative claims data that in 2018, 82% of patients eligible
for hypofractionated breast radiation therapy received it
among fully insured patients whose plans included a utili-
zation management policy that did not reimburse for
extended courses (as did 80% of self-insured patients who
were not subject to the utilization management policy); the
rate within this consortium as shown in Figure 3 in 2018
was 95% (95% CI, 93%-98%). Qualitative data suggest that
the improvements observed relate to the ways that the con-
sortium promotes the sharing of best practices and to the
culture of the quality-minded participants in the collabora-
tive.

A second important limitation relates to generalizability.
Participation in this consortium is voluntary, and the results
may not apply if extrapolated beyond practices sufficiently
committed to quality improvement to voluntarily engage in
such efforts. That said, as in CQIs implemented in other
areas of practice like surgery, the provision of financial sup-
port for staff effort involved in participation, together with
incentives provided by BCBSM through payments for par-
ticipation, value-based reimbursement, and streamlining of
reimbursement for sites that demonstrate excellence, have
facilitated widespread participation in the state. Indeed, the
current consortium represents 40% of radiation oncology
practices and treats 60% of all patients treated with radiation
therapy in the state of Michigan.
Conclusions
In summary, MROQC is a model of an ambitious prospec-
tive professionally driven quality improvement effort across
a large state. Such initiatives have great promise to increase
access to appropriate high-complexity care and improved
health equity in radiation oncology, which are high priori-
ties for promoting the public’s health. Of note, the metrics
identified by MROQC may be more appropriate targets for
national efforts to improve quality of radiation oncology
care and more intuitively appealing to practicing radiation
oncologists than measures currently use in, for example, the
Centers for Medicare and Medicaid Services Merit-based
Incentive Program. Nevertheless, efforts to extend this work
to the national level require caution because part of the suc-
cess of MROQC appears to derive from the interactions of
consortium members with one another. Development of
other regional initiatives modeled on MROQC might lead
to greater heterogeneity in targets for improvement but with
greater participant buy-in necessary for success. Ongoing
evaluation of the sort presented in the current manuscript
will be necessary to assess various approaches to scaling up
quality improvement efforts in radiation oncology beyond
the level of a single state.

In conclusion, the evidence collected to date in this large-
scale quality improvement initiative initiated over a decade
ago suggests that this effort has improved the consistency,
efficiency, and quality of radiation oncology care in its
member practices. MROQC may therefore represent a
model for quality improvement of radiation oncology care
more generally, allowing the field to optimize the benefit
delivered to patients while minimizing toxic effects, burden,
and expense.
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