
Practical Radiation Oncology� (2026) 16, 294−317

www.practicalradonc.org
Critical Review
Dose-Volume Histogram Compendium of Dose
Constraints for Treatment Planning: An ASTRO
Consensus Paper

Lindsay L. Puckett, MD,a Smith Apisarnthanarax, MD,b Leslie K. Ballas, MD,c

Bhishamjit S. Chera, MD,d Indrin J. Chetty, PhD,c Samantha L. Dawes, CMD,e,*
John DeMarco, PhD,c Christine E. Eyler, MD, PhD,f

Karyn A. Goodman, MD, MS,g Dustin Jacqmin, PhD,h

Evangelia Katsoulakis, MD,i Christine Ko Bang, MD,j Ksenija Kujundzic,e

Elizabeth M. Nichols, MD,k Jennifer Pursley, PhD,l

Mihaela Rosu-Bubulac, PhD,m Charles B. Simone II, MD,n Ping Xia, PhD,o and
Abhishek A. Solanki, MDp,q

aDepartment of Radiation Oncology, Medical College of Wisconsin and Clement J. Zablocki Veterans Affairs Medical Center,
Milwaukee, Wisconsin; bDepartment of Radiation Oncology, University of Washington, Seattle, Washington; cDepartment of
Radiation Oncology, Cedars-Sinai Medical Center, Los Angeles, California; dDepartment of Radiation Oncology, Medical
University of South Carolina, Charleston, South Carolina; eAmerican Society for Radiation Oncology, Arlington, Virginia;
fDepartment of Radiation Oncology, Duke University Medical Center and Durham Veterans Affairs Medical Center,
Durham, North Carolina; gDepartment of Radiation Oncology, Icahn School of Medicine at Mount Sinai, New York, New
York; hDepartment of Human Oncology, University of Wisconsin-Madison, Madison, Wisconsin; iDepartment of Radiation
Oncology, James A. Haley Veterans Affairs Healthcare System, Tampa, Florida; jDepartment of Radiation Oncology,
Baltimore Veterans Affairs Medical Center, Baltimore, Maryland; kDepartment of Radiation Oncology, University of
Maryland School of Medicine, Baltimore, Maryland; lDepartment of Radiation Oncology, Mayo Clinic, Rochester,
Minnesota; mDepartment of Radiation Oncology, Virginia Commonwealth University Health System, Richmond, Virginia;
nNew York Proton Center, New York, New York; oDepartment of Radiation Oncology, Cleveland Clinic, Cleveland, Ohio;
pDepartment of Radiation Oncology, Stritch School of Medicine, Cardinal Bernardin Cancer Center, Loyola University
Chicago, Maywood, Illinois; and qEdward Hines, Jr. Veterans Affairs Hospital, Hines, Illinois

Received 23 September 2025; accepted 8 November 2025
Source of support: This paper is made possible, in whole or in part, from funds from the U.S. Department of Veterans Affairs National Radiation
Oncology Program under contract 36C24519C0242.

Disclaimer and Adherence: ASTRO papers present scientific, health, and safety information that may reflect scientific or medical opinion. They are
available to ASTRO members and the public for educational and informational purposes only and do not constitute medical or treatment advice. The
information provided here is not intended to replace the independent judgment of the treating physician in the context of individual patient circumstan-
ces. All cases should be reviewed by the treating physician for appropriateness, and deviation may be justified as part of shared decision-making with the
patient. Commercial use of any content in this paper without the prior written consent of ASTRO is prohibited. ASTRO assumes no liability for the
information contained in this paper. This paper is based on information available at the time the task force conducted its review and discussions on this
topic. There may be new developments that are not reflected in this paper and that may, over time, be a basis for an update of the manuscript.

*Corresponding author: Samantha L. Dawes, CMD; Email: samantha.dawes@astro.org

https://doi.org/10.1016/j.prro.2025.11.003
1879-8500/� 2025 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/)

http://crossmark.crossref.org/dialog/?doi=10.1016/j.prro.2025.11.003&domain=pdf
mailto:samantha.dawes@astro.org
https://doi.org/10.1016/j.prro.2025.11.003
http://creativecommons.org/licenses/by/4.0/
https://doi.org/
https://doi.org/
http://www.practicalradonc.org


Practical Radiation Oncology: May/June 2026 DVH compendium 295
Purpose: This dose-volume histogram (DVH) compendium shares the knowledge and resources compiled by disease-site experts dur-
ing an immense undertaking by the Veterans Affairs (VA) and American Society for Radiation Oncology (ASTRO) to develop perfor-
mance indicators for radiation therapy as part of quality surveillance. The guidance for breast, head and neck, liver, lung, prostate, and
rectal cancers supports physician decision-making during dosimetric treatment planning, directs the reader to additional resources, and
contributes to the evolution of DVH metrics for external beam radiation therapy.
Methods and Materials: DVH tables were developed for each disease site relating to the most common dose/fractionation regimens
used in VA and non-VA radiation oncology centers nationwide. Dosimetric values with validation through prior clinical data and those
used in ongoing multisite trials were prioritized, with references listed in the tables. In scenarios with a paucity of data for specific con-
straints, the disease-site panels discussed and agreed on appropriate clinical guidance. After panel discussion, each metric was voted on
to obtain panel consensus. Panel consensus was evaluated with a modified Delphi approach using a prespecified threshold of ≥75% of
raters who agree or strongly agree to establish consensus via a confidential survey. Where the content did not meet this threshold, it was
removed or revised. Significant revisions went back to the full disease-site panel for review, approval, and a final consensus vote.
Results: The dose constraints are the result of quality measure development between the VA and ASTRO. They represent the body of
work thus far, with the goal of expanding future resources to include other disease sites. There is still work to be done to optimize dose
goals and constraints for target volumes and normal tissues. Different methodologies for calculating doses have produced varying data,
and ongoing efforts will harmonize the lack of concordance where possible. Wide variation when reporting on toxicities and efforts to
standardize provide an opportunity for future trial data to add to the depth of knowledge. This DVH compendium is pragmatic and
reflective of general practice and established treatment regimens. Having accessible default constraints supports standardization and
will help improve the quality of treatment planning and radiation delivery for all patients.
� 2025 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
Preamble

Since 2016, the Veterans Affairs (VA) National Radia-
tion Oncology Program (NROP) has contracted with the
American Society of Radiation Oncology (ASTRO), under
contract 36C24519C0242, as part of its Radiation Oncol-
ogy Quality Surveillance (ROQS) Program to develop
quality performance indicators for radiation therapy
treatment of 6 primary disease sites: breast, head and
neck, liver, lung, prostate, and rectum. For each disease
site, a panel of experts convened by ASTRO developed a
set of quality measures and dose-volume histogram
(DVH) metrics.

Selection of Task Force Members — Over the course
of this initiative with the VA, ASTRO identified subject
matter experts to serve on each disease-site panel (Appen-
dix E1). Each panel initially consisted of 7 radiation
oncologists and a therapeutic medical physicist who were
paid an honorarium as part of the VA contract. To pro-
vide unbiased guidance of VA processes and performance,
these selected panelists did not provide care inside the VA
system, and their decisions were independent of the
NROP. Additionally, a radiation oncologist from within
the VA was selected by VA leadership for each panel. The
VA representatives were not paid. When creating a task
force specifically for this initiative a cohort of prior panel
members, including an ASTRO appointed expert medical
physicist, ASTRO appointed expert radiation oncologist,
and a VA radiation oncologist, from each disease site was
selected.

Disclosure Policy — ASTRO has detailed policies and
procedures related to disclosure and management of
industry relationships to avoid actual, potential, or per-
ceived conflicts of interest. All task force members are
required to disclose industry relationships and personal
interests from 1 year before the initiation of the writing
effort, and these are reviewed for potential conflicts of
interest. For the purposes of full transparency, task force
members’ comprehensive disclosure information is
included in this publication.

Method and Consensus Development — DVH tables
were developed for each disease site relating to the most
common dose/fractionation regimens used in VA and
non-VA radiation oncology centers nationwide at the
time. Dosimetric values with validation through prior
clinical data and those used in ongoing multisite trials
were prioritized, and the references are listed in the tables.
In scenarios where there was a paucity of data for specific
constraints, the panel discussed and agreed on appropri-
ate clinical guidance. After panel discussion, each metric
was voted on to obtain panel consensus. Panel consensus
was evaluated using a modified Delphi approach using a
prespecified threshold of ≥75% of raters who agree or
strongly agree to establish consensus throughout the
ROQS project. Compendium task force members also
indicated agreement with DVH content via a confidential
survey. Where the content did not meet this threshold, it
was removed or revised. Significant revisions went back
to the full disease-site panel for review, approval, and a
final consensus vote.

Evaluation and Updates— The DVHmetrics were ini-
tially published in specific manuscripts for each of the 6
disease sites. These metrics were then compiled, reformat-
ted, reviewed, and critically evaluated by the DVH com-
pendium task force members. In cases where additional or
revised metrics were suggested and agreed upon by task
force members, these changes were shared with the dis-
ease-site-specific panels for consensus. The updated DVH
metric tables were posted on the ASTRO website for public
comment in August 2024 for 3 weeks. All feedback was
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reviewed, and the metrics were then revised accordingly.
Additionally, this paper and the DVHs were reviewed by
17 official peer reviewers (Appendix E2) in March 2025.
The manuscript was also revised accordingly, and the mod-
ified document with all DVH metrics underwent another
round of consensus voting by the task force. The final doc-
ument was approved by the ASTRO Board of Directors in
August 2025 and endorsed by the American Association of
Physicists in Medicine and the American Association of
Medicine Dosimetrists. The measures and DVH metrics
are intended to be evaluated by the panels on a rotational
basis and updated when new practice-changing informa-
tion is available.
Introduction
There has been significant evolution in radiation ther-
apy (RT) treatment planning and dose constraints since
the well-known Emami publication in 1991.1 Animal
studies and case reports used in early iterations of dose
constraints gave way to clinical and trial data that pro-
gressively incorporated increasingly complicated RT tech-
niques. As the technology improved, dose constraints
changed to reflect what was achievable. Although there is
expanding evidence to inform dose constraints, there
remains a tremendous amount of variation between coun-
tries, institutions, and even experts within the same prac-
tice. Part of this stems from dose-volume histogram
(DVH) lists, constraint tables, or treatment directives
being individual and institutional documents, with few
publicly endorsed or available materials. Many clinical
trial protocols are not widely available, and many pub-
lished reports and resources lie behind paywalls.

Over the past 15 years, as increased dose per fraction
treatments became more prevalent and new dosimetric
guidance was needed to guide usage, Quantitative Analyses
of Normal Tissue Effects in the Clinic,2 the American Asso-
ciation of Physicists in Medicine’s (AAPM) Task Group
(TG)-101,3 and Hypofractionated Treatment Effects in the
Clinic4 have served as modern and complex approaches to
address radiation-related treatment toxicity. Despite this,
in 2021, the question was asked, “What do people consider
the gold standard for treatment planning for hypofractio-
nated RT?” between AAPM TG-101, Hypofractionated
Treatment Effects in the Clinic, Timmerman sheets,5 and
clinical trial protocols. In this case, the “Timmerman
sheets” referred to an (at the time) unpublished, but elec-
tronically disseminated set of tables that Robert Timmer-
man, MD, had compiled based on clinical practice and
limited modeling as foundations. The sheets were the pur-
ported poll winner and shortly thereafter were published
for more widespread dissemination in the International
Journal of Radiation Oncology, Biology, Physics as “A Story
of Hypofractionation and the Table on the Wall.”5
Contemporaneously, the Veterans Affairs (VA)
National Radiation Oncology Program established the
Radiation Oncology Quality Surveillance (ROQS) initia-
tive to develop metrics assessing the quality of care for
Veterans receiving RT for cancer. The VA contracted
with ASTRO to commission disease-site expert panels for
the purpose of developing disease site-specific quality
measures, including collating dose constraints.6-10 Each
panel compiled tables of DVH metrics for common treat-
ment regimens within the disease site using data from
published literature and clinical trials, as well as the expert
opinion of the panelists. The DVH tables were developed
to be universally applicable and useful across practice set-
tings and varying technologies. Afterward, it was recog-
nized that these DVH tables collectively represent a
collated resource that would be worth sharing more
broadly to support treatment planning optimization. This
compendium supports clinical decision-making to guide
high-quality care but is not absolute and may not be
achievable for every patient.
Scope

This DVH compendium (Appendix E3) shares the
knowledge and resources compiled during the immense
undertaking of the VA/ASTRO panels convened for
breast, head and neck, liver, lung, prostate, and rectal can-
cers. This guidance is intended to support physician deci-
sion-making during dosimetric treatment planning, direct
the reader to additional resources, and contribute to the
evolution of DVH metrics for external beam RT. As such,
the tables are intended to support common RT treatment
regimens. There is a subset of treatment scenarios that
may require additional organ at risk (OAR) contouring
and/or modified dose constraints from those provided,
and this was out of scope for this project. Specific consid-
erations when using brachytherapy, heavy particles, or
unsealed sources were outside the project’s scope. The
metrics are also intended for the definitive and adjuvant
treatment settings; none of the included constraints per-
tain to traditional palliation, reirradiation, or concurrent
treatment of multiple sites.

Additionally, outside of the scope of the project was
discussion regarding specific clinical scenarios that impact
selection of the optimal dose-fractionation (ie, clinical
indications for various dose-fractionations) and patient-
specific factors such as a solitary kidney (except for the
liver tables, which include liver function parameters).
Decision-making regarding the appropriate dose-fraction-
ation regimen is determined on a case-by-case basis.
Patient-specific considerations and physiological inter-
ventions, such as motion management techniques, devices
(eg, rectal spacers and vaginal dilators) and other immo-
bilization equipment to assist with treatment planning
goals, were also outside the scope of this project.
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Prioritization of specific volume structures and OARs
within a disease-site protocol was also outside the scope
of this project. Practices should determine their own pri-
ority preferences for metrics (eg, mean dose [Mean] vs
volumetric dose [VxGy]) and when to prioritize treatment
volumes over normal tissues and vice versa. Depending
on patient-specific anatomy and disease, it may not be
feasible to meet each metric; not meeting a metric(s) does
not necessarily indicate poor plan quality. In assessing
treatment decisions, clinicians must account for patient-
specific considerations and the balance between tumor
coverage for curative intent and dose to normal tissues.

Potential endpoint toxicities are not included in the
tables. Although some constraints have specific expected
toxicity rates supported by literature, many do not and
even for those metrics that do, some of them may be over-
simplified, ie, grade 3+. Additionally, there are a variety of
factors that need consideration on a per-patient basis,
including preexisting patient comorbidities, anatomic
considerations, and whether to administer concurrent
treatments. As a result, although toxicity was discussed
during development, associated endpoint toxicities were
outside the scope of this project.
Nomenclature

The DVH constraints are arranged in tables based on
disease site and dose-fractionation regimen. Normal tis-
sues are listed alphabetically (ie, not in priority order) in
compliance with AAPM TG-263 terms11 and are followed
by target metrics. The dose limits are categorized into 3
levels:

1. Primary goal (green): Following treatment planning
principles of keeping the dose to all normal tissues
as low as reasonably achievable, ideally the calcu-
lated dose for each OAR should be below the pri-
mary goal threshold. However, meeting these goals
for normal tissues and/or targets may be dependent
on the size and location of treatment volumes, and
this must be factored into any documented plan-
ning directive. Of note, metrics for the same OAR
across different treatment regimens reflect what is
felt to be achievable in a typical treatment case as
supported by available literature and by consensus
of the expert panels. For example, dose constraints
for the lung are more restrictive when treating
breast cancer than lung cancer because the target
volume is anterior to and outside of the OAR,
whereas the target is embedded in the OAR for lung
RT. At times, different constraints are used for the
spinal cord; this is not intended to reflect that the
spinal cord has different tolerances, but merely that
a lower dose may be more readily achievable for
some disease sites, and it is reasonable to constrain
it accordingly.

2. Secondary goal (yellow): Where planning target vol-
ume (PTV) prioritization and tumor coverage
necessitates that dose to a normal tissue exceeds the
primary dose constraint or where dose to target(s)
is compromised by the proximity of an OAR, the
secondary metrics offer an alternative set of con-
straints for appropriate consideration.

3. Deviation (red): Metrics in this category are based
on reasoning that suggest exceeding these doses of
radiation may result in an increased risk of severe
treatment-related toxicity. The term deviation is
used to reflect that the achieved value differs from
standard practice and that it should be reviewed,
not that it is inaccurate or should be changed with
the intent of avoiding “red” dose metrics. In some
cases, exceeding these dose constraints and/or goals
may be clinically appropriate depending on specific
clinical scenarios that balance the risk-benefit ratio.
Discussion with the patient regarding risks and ben-
efits is part of the informed consent process. In
many cases, peer review and/or prospective plan
review may be a useful process to support decision-
making. As with all cases, the ultimate risk/benefit
assessment should be according to the treating
physician’s judgment, in alignment with patient
preferences, and these metrics are not intended to
substitute for that judgment.

The fractionation regimens follow standard naming
conventions:

� Conventional fractionation: daily treatment dose of
typically 1.8 to <2.2 Gray (Gy) per fraction.

� Moderately hypofractionated: daily treatment dose
of ≥2.2 to ≤5.0 Gy per fraction.

� Ultrahypofractionated: daily dose of >5.0 Gy per
fraction, generally delivered in 5 fractions or fewer;
this includes but is not limited to stereotactic radio-
surgery and stereotactic body RT (SBRT)/stereotac-
tic ablative RT.

� Other terms used for specific disease sites:
○ In rectal cancer, short-course treatment refers to

the 5 Gy in 5 fractions (25 Gy total dose) regimen
specifically delivered not using SBRT.

○ Lung cancer treatments with 10 fractions using
conventional delivery techniques may be moder-
ately hypofractionated or ultrahypofractionated
depending on dose.

The panel considered proposed dose metrics from clin-
ical trials and published literature. In some instances,
metrics were sparingly created without a source, and these
are listed as “panel consensus,” based on the clinical expe-
rience and expertise of the disease-site panels.
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The complementary (also referred to as cold) volume
(CV) metric defines the volume of tissue receiving the
stated dose or less (ie, volume spared). Because conven-
tional DVH metrics define the volume of tissue receiving
the stated dose or more, an alternative solution is needed
to determine compliance with tolerance doses for critical
volumes associated with parallel organs. The critical vol-
ume refers to the minimum volume of the parallel organ
that must be spared below a threshold dose to preserve
organ function. On a traditional, cumulative DVH, the
CV can be computed by subtracting the volume noted at
the tolerance dose from the total organ volume. If the CV
exceeds the critical volume, then the constraint is met.
Additional information can also be found in published lit-
erature.11-13 Figure 1 provides an example computation of
the CV acquired from a cumulative DVH.12
Disease Site-Specific Information
The 6 initial disease sites included in this project were
selected by the VA ROQS program as the first priority
group of malignancies to help assess the variation in prac-
tice and quality of care within radiation oncology centers
in VA hospitals using quality metrics.14,15 To maximize
the impact of the ROQS program, commonly treated dis-
ease sites among VA patients were selected and for each
disease site, metrics were divided into commonly used
fractionation regimens.

The OARs included for each disease site were deter-
mined by the panel and align with recommendations
from ASTRO’s consensus statement on normal tissue
contouring.16 There may be normal tissues that are diffi-
cult to contour or inconsistently done (eg, bowel). This
Figure 1 A cumulative dose-volume histogram for total
lungs from a hypothetical 5-fraction stereotactic body radia-
tion therapy treatment. In this example, the threshold dose is
12.5 Gy, the total lung volume is 3600 cc, and the volume
receiving ≥12.5 Gy is 1200 cc. The complementary volume,
CV12.5 Gy, is 2400 cc. Reproduced with permission from
Ritter et al.12
may be because of visualization on a planning image set
(eg, no contrast and larger slice thickness), and efforts
should be made to develop simulation protocols that sup-
port accurate and consistent contouring practices. For
some normal tissues, there are notes on how the organ is
contoured (eg, when the small bowel contours are indi-
vidual loops or a bowel bag) and in limited cases, resour-
ces are provided to promote high-quality contouring. It is
also important to note that the calculation of DVH met-
rics depends on factors such as the dose grid, voxel size,
and algorithm used to define the contour boundary, par-
ticularly for small structures.17 Clinicians should be aware
of the impact of these factors when evaluating the dose
and use the most appropriate settings for each disease site
and treatment delivery approach (ie, stereotactic radiosur-
gery vs whole brain RT).

The DVH tables include references for data sources
using protocols from published clinical trial data or where
otherwise openly available. However, some sources per-
tain to ongoing national clinical trials or protocols that
are not published, in which case the latest version avail-
able was used. If one source matched the metric
completely, then that source is listed; other sources that
only partially align with the metric and were finalized by
panel consensus are not listed. In some cases, multiple
sources contribute to the entire metric (ie, different sour-
ces used for the primary goal and deviation).

Respecting OAR dose tolerance limits is a goal of all
conformal treatment planning; however, whether to pri-
oritize target coverage or respect normal tissues requires
clinical judgment by the treating physician. Prioritizing
target coverage over normal tissues to achieve curative
intent or respecting OAR tolerance(s) with a compro-
mised target dose is a trade-off based on patient-specific
considerations. These trade-offs regarding quality of life
and acceptable toxicity should be discussed with the
patient as part of shared decision-making. When goals
and constraints are met during the treatment planning
process, no further action is required outside of normal
peer review and approval/quality assurance processes.
When dose goals and/or constraints cannot be met, addi-
tional review processes may be necessary as clinically
indicated. In some circumstances, changing the prescrip-
tion to adjust the dose-fractionation regimen or changing
the technique of treatment delivery can be useful options.
Breast

Tables 1-518-24 include the DVH planning goals for
breast cancer. Tables are separated by target (whole
breast, breast/chest wall [CW] with regional lymph nodes,
and partial breast) as well as dose/fractionation regimen.
There is no table for a conventionally fractionated whole
breast without lymph nodes because the panel recognized
that this regimen is now rarely used in the absence of



Table 1 Breast/chest wall with regional lymph nodes: conventionally fractionated regimens (1.8-2.0 Gy per fraction to
50-50.4 Gy)

Organ/target Laterality Metric Primary goal Secondary goal Deviation Notes

Breast18,19 (Contralateral) Left/right D10% ≤3 Gy ≤5 Gy >5 Gy

Heart18 Left Mean ≤4 Gy ≤5 Gy >5 Gy

Right Mean ≤2 Gy* ≤3 Gy* >3 Gy*

Lung18,19

(Contralateral) Left/right V5Gy ≤15% >15%

(Ipsilateral) Left/right V20Gy ≤35% ≤40% >40%

Left/right V10Gy ≤65% >65%

SpinalCord2 Left/right D0.03cc ≤45 Gy* ≤50 Gy >50 Gy

Breast/Chestwally18 Left/right
Left/right

Rx dose
D0.03cc

V95% ≥95%
≤110%*

V90% ≥90%
≤115%*

V90% <90%
>115%*

Field volume may
substitute for
contoured PTV

LN_Sclav18 Left/right Rx dose V95% ≥95% V90% ≥90% V90% <90%

Left/right D0.03cc ≤110%* ≤115%* >115%*

LN_Ax18 Left/right Rx dose V95% ≥95% V90% ≥90% V90% <90%

Left/right D0.03cc ≤110%* ≤115%* >115%*

LN_IMN18 Left/right V90% ≥95% ≥80% <80%

Left/right D0.03cc ≤110%* ≤115%* >115%*

Abbreviations: D = dose; PTV = planning target volume; Rx = prescription; V = volume.
*Panel consensus.
yGoals do not include dose contribution from a boost (eg, lumpectomy cavity boost).

Table 2 Breast/chest wall without regional lymph nodes: moderately hypofractionated 15 or 16 fraction regimens (2.66-
2.67 Gy per fraction to 40.05-42.56 Gy)

Organ/target Laterality Metric Primary goal Secondary goal Deviation Notes

Breast (Contralateral) Left/right D5% ≤1.44 Gy* ≤2.4 Gy* >2.4 Gy*

Heart20 Left Mean ≤1.6 Gy ≤2.4 Gy >2.4 Gy*

Right Mean ≤0.8 Gy ≤1.6 Gy >1.6 Gy

Lung20-22

(Contralateral) Left/right V4Gy ≤10% ≤15% >15%

(Ipsilateral)20,22 Left/right V16Gy ≤15% ≤20% >20%

Breast/chestwally19 Left/right Rx dose V95% ≥95% V90% ≥90% V90% <90% Field volume may
substitute
for contoured
PTV

Left/right D0.03cc ≤110%* ≤115%* >115%*

Left/right V107% ≤10 cc >10 cc

Abbreviations: D = dose; PTV = planning target volume; Rx = prescription; V = volume.
*Panel consensus.
yGoals do not include dose contribution from a boost (eg, lumpectomy cavity boost).

----------------------------------------------------------------------------------------------------
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lymph node RT. There is variation in practice regarding
contouring of breast tissue as a target. When contoured,
the breast/CW PTV should be retracted from the skin
surface (eg, by 0.5 cm) for evaluation purposes. Irrespec-
tive of the method for delineating the breast/CW, an eval-
uation of breast/CW tissue coverage and any hot spots
should be performed.
DVH planning goals do not incorporate dose for a
lumpectomy cavity boost and target evaluation assessment
(ie, PTV coverage) does not include a boost dose. Gener-
ally, the lumpectomy cavity boost does not contribute sig-
nificantly to OAR doses. However, an evaluation of the
summative plan in all patients is recommended. For
regional lymph node evaluation, nodal chains were



Table 3 Breast/chest wall with regional lymph nodes: moderately hypofractionated 15 or 16 fraction regimens (2.66-
2.67 Gy per fraction to 40.05-42.56 Gy)

Organ/target Laterality Metric Primary goal Secondary goal Deviation Notes

Breast (Contralateral)19 Left/right D10% ≤3 Gy ≤5 Gy >5 Gy

Heart19 Left Mean ≤3 Gy ≤5 Gy >5 Gy

Right Mean ≤1.6 Gy* ≤2.4 Gy* >2.4 Gy*

Lung19

(Contralateral) Left/right V4.3Gy ≤15%* >15%*

(Ipsilateral) Left/right V18Gy ≤35% ≤40% >40%

Left/right V10Gy ≤60%* >60%*

SpinalCord5 Left/right D0.035cc ≤37.8 Gy* ≤42 Gy >42 Gy

Breast/Chestwally19 Left/right Rx dose V95% ≥95% V90% ≥90% V90% <90% Field volume may
substitute for
contoured PTV

Left/right D0.035cc ≤110%* ≤115%* >115%*

Left/right V107% ≤10 cc >10 cc

LN_Sclav19 Left/right Rx dose V95% ≥95% V90% ≤90% V90% <90%

Left/right D0.035cc ≤110%* ≤115%* >115%*

LN_Ax19 Left/right Rx dose V95% ≥95% V90% ≥90% V90% <90%

Left/right D0.035cc ≤110%* ≤115%* >115%*

LN_IMN19 Left/right V90% ≥90% ≥80% <80%

Left/right D0.035cc ≤110%* ≤115%* >115%*

Abbreviations: D = dose; PTV = planning target volume; Rx = prescription; V = volume.
*Panel consensus.
yGoals do not include dose contribution from a boost (eg, lumpectomy cavity boost).

Table 4 Partial breast: ultrahypofractionated 5 fraction regimen (6 Gy per fraction to 30 Gy)

Organ/target Laterality Metric Primary goal Secondary goal Deviation Notes

Breast23

(Contralateral) Left/right D0.03cc ≤3% ≤5% >5%

(Ipsilateral) Left/right V50% ≤50% ≤60% >60%

Left/right V95% ≤25% ≤40% >40%

Heart23 Left V15% ≤5% ≤10% >10%

Left Mean ≤1.5 Gy ≤2 Gy >2 Gy

Right V5% ≤5% ≤10% >10%

Right Mean ≤0.7 Gy ≤1 Gy >1 Gy

Lung23

(Contralateral) Left/right V10% ≤5% ≤15% >15%*

(Ipsilateral) Left/right V30% ≤10% ≤15% >15%

PTV23

(Partial breast)
Left/right V95% ≥95% ≥90% <90% PTV_EVAL: PTV cropped 3-5 mm

inside patient surface; limited
posteriorly by the pectoralis
muscle.

Left/right V105% ≤5% ≤7% >7%

Left/right D0.03cc ≤110% >110%

Abbreviations: D = dose; PTV = planning target volume; PTV_EVAL = evaluation planning target volume; V = volume.
*Panel consensus.

----------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------
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Table 5 Whole breast/chest wall: ultrahypofractionated 5 fraction regimen (5.2 Gy per fraction to 26 Gy)

Organ/target Laterality Metric Primary goal Secondary goal Deviation

Heart24 Left/right V1.5Gy <30% ≥30%

Left/right V7Gy <5% ≥5%

Lung24 (Ipsilateral) Left/right V8Gy <15% ≥15%

Breast/Chestwally24 Left/right V95% ≥95% <95%

Left/right V105% ≤5% >5%

Left/right V107% ≤2% >2%

Left/right D0.03cc ≤110% >110%

Abbreviations: D = dose; V = volume.
yGoals do not include dose contribution from a boost (eg, lumpectomy cavity boost).

Table 6 Head and neck (excluding early-stage larynx): conventionally fractionated regimens (2.0-2.12 Gy per fraction to
70 Gy)

Organ/target Metric
Primary
goal

Secondary
goal Deviation Inclusion/exclusion Notes

Bone_Mandible25,26 D0.03cc ≤70 Gy ≤73.5 Gy >73.5 Gy

BrachialPlex_L/R25,26 D0.03cc ≤66 Gy ≤72 Gy >72 Gy

Brainstem27 D0.03cc ≤50 Gy <52 Gy ≥52 Gy

Cavity_Oral27-29 Excluding oral
cavity cases

Uninvolved tissue

(Bilateral neck tx) D0.03cc ≤60 Gy >60 Gy

Mean ≤30 Gy >30 Gy

(Unilateral neck tx) Mean ≤20 Gy >20 Gy

Cochlea_L/R27 D0.03cc ≤35 Gy >35 Gy Oropharynx only Individual organ
contouring

Esophagus27 Mean ≤45 Gy >45 Gy Larynx only Bottom of
pharynx to
thoracic inlet

Mean ≤35 Gy >35 Gy Oropharynx only

Glnd_Submand_L/R26,28,29 (contralateral)

(Bilateral neck tx) Mean ≤39 Gy >39 Gy

(Unilateral neck tx) Mean ≤10 Gy >10 Gy

Larynx27 Mean ≤35 Gy >35 Gy Oropharynx only

Musc_Constrict Mean ≤50 Gy* ≤60 Gy* >60 Gy* Musc_Constrict −
CTV

Parotid_L/R26-30 (contralateral)

(Bilateral neck tx) Mean ≤26 Gy >26 Gy

(Unilateral neck tx) Mean ≤7 Gy >7 Gy

SpinalCord30 D0.03cc ≤45 Gy* ≤50 Gy >50 Gy

PTV_high risk D95% 100%* ≥95%* <95%*

D99% ≥95%* ≥90%* <90%*

D0.03cc ≤108%* ≤112%* >112%*

PTV_low risk D95% ≥100%* ≥95%* <95%*

D99% ≥95%* ≥90%* <90%*

Abbreviations: CTV = clinical target volume; D = dose; PTV = planning target volume; tx = treatment.
*Panel consensus.
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Table 7 Head and neck: carotid sparing early-stage larynx (T1/2 glottic cancer) using IMRT/VMAT: moderately hypofrac-
tionated 28 or 29 fraction regimens (2.25 Gy per fraction to 63-65.25 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

A_Carotid_L/R31 D2% ≤35 Gy >35 Gy Entire length of PTV

Mean ≤20 Gy* ≤50 Gy* >50 Gy*

Esophagus D0.03cc ≤100%* >100%*

Glnd_Submand_L/R Mean ≤15 Gy* >15 Gy*

Musc_Constrict32 D0.03cc ≤100% >100%* Musc_Constrict − CTV

SpinalCord31 D0.03cc ≤20 Gy ≤45 Gy >45 Gy*

PTV D95% 100%* ≥95%* <95%*

D99% ≥95%* ≥90%* <90%*

D0.03cc ≤108%* ≤110%* >110%*

Abbreviations: CTV = clinical target volume; D = dose; IMRT = intensity modulated radiation therapy; PTV = planning target volume;
VMAT = volumetric modulated arc therapy.
*Panel consensus.

Table 8 Liver: ultrahypofractionated 3 fraction regimens (12-20 Gy per fraction to 36-60 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

Bowel_Large33 D0.03cc ≤28 Gy >28 Gy

D20cc ≤24 Gy >24 Gy

Bowel_Small33 D0.03cc ≤25 Gy >25 Gy

D5cc ≤18 Gy >18 Gy

Chestwall34,35 D0.03cc ≤50 Gy >50 Gy

D5cc ≤40 Gy >40 Gy

D30cc ≤30 Gy >30 Gy

Duodenum3,33 D0.03cc ≤22 Gy >22 Gy

D5cc ≤16.5 Gy >16.5 Gy

Esophagus36 D0.03cc ≤27 Gy >27 Gy

Heart3,5 D0.03cc ≤30 Gy >30 Gy

D15cc ≤24 Gy >24 Gy

Kidneys Mean ≤8 Gy* >8 Gy*

Liver33 Liver - GTV/iGTV

(Noncirrhotic) CV19Gyy ≥700 cc <700 cc

Mean ≤12 Gy ≤15 Gy >15 Gy

(CP class A) Mean ≤10 Gy ≤12 Gy >12 Gy

SpinalCanal D0.03cc ≤22.5 Gy* >22.5 Gy*

Stomach3,33 D0.03cc ≤22 Gy >22 Gy

D10cc ≤16.5 Gy >16.5 Gy

PTV V100% ≥95%* <95%* OAR has priority over PTV
coverage when in close
proximity

V90% ≥100%* <100%*

Abbreviations: CP = Child-Pugh; CV = complementary volume; D = dose; GTV = gross tumor volume; iGTV = internal gross target volume;
OAR = organ at risk; PTV = planning target volume; V = volume.
*Panel consensus.
yCVxGy[cc] = total liver volume[cc] � VxGy[cc], representing the CV on a cumulative dose-volume histogram, which is the volume of tissue receiv-
ing the indicated dose or less.
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Table 9 Liver: ultrahypofractionated 5 fraction regimens (8-12 Gy per fraction to 40-60 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

Bowel_Large37,38 D0.5cc ≤32 Gy ≤34 Gy >34 Gy

Bowel_Small37,38 D0.5cc ≤30 Gy >30 Gy*

D5cc <25 Gy ≥25 Gy

Chestwall35,39,40 D0.03cc ≤57 Gy >57 Gy

V30Gy ≤30 cc ≤70 cc >70 cc

Duodenum37,38 D0.5cc ≤30 Gy >30 Gy*

D5cc <25 Gy ≥25 Gy

Esophagus37 D0.5cc ≤32 Gy >32 Gy*

Heart37 D0.03cc ≤52.5 Gy* >52.5 Gy*

D30cc ≤30 Gy >30 Gy

Kidneys37,38 Mean ≤10 Gy >10 Gy* If one kidney Mean >10 Gy,
other/only kidney V10Gy <10%

Liver33 Liver − GTV/iGTV

(CP class A) CV15Gyy ≥700 cc <700 cc

Mean ≤13 Gy ≤15 Gy >15 Gy

(CP class B) CV10Gyy ≥500 cc <500 cc

Mean ≤8 Gy ≤10 Gy >10 Gy

(non-cirrhotic) CV21Gyy ≥700 cc <700 cc

Mean ≤15 Gy ≤18 Gy >18 Gy

SpinalCanalz37,38 D0.5cc ≤25 Gy >25 Gy*

Stomach37,38 D0.5cc ≤30 Gy >30 Gy*

D5cc <25 Gy ≥25 Gy

PTV V100% ≥95%* <95%* OAR has priority over PTV
coverage when in close proximityV90% ≥100%* <100%*

Abbreviations: CP = Child-Pugh; CV = complementary volume; D = dose; GTV = gross tumor volume; iGTV = internal gross target volume;
OAR = organ at risk; PTV = planning target volume; V = volume.
*Panel consensus.
yCVxGy[cc] = total liver volume[cc] � VxGy[cc], representing the CV on a cumulative dose-volume histogram, which is the volume of tissue receiv-
ing the indicated dose or less.
zModified from spinal cord to spinal canal.

----------------------------------------------------------------------------------
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separated, however, the task force acknowledges that many
physicians do not separate out the nodal chains but often
will evaluate internal mammary nodal (IMN) coverage sep-
arately. The IMN constraints are appropriate for elective
nodal irradiation; however, with the presence of gross dis-
ease in the IMN, coverage of at least 95% is recommended.

The spinal cord metrics for the breast regimens fol-
low standard normal tissue constraints. However, it is
recognized that in most instances doses well below
this threshold are attainable. As with any plan, the
concept of as low as reasonably achievable is applica-
ble. Additional OAR inclusion was discussed among
the panel members (eg, esophagus, brachial plexus,
thyroid, and cardiac substructures), but these are not
pertinent for all targets (ie, delivery of whole breast
RT may/may not result in dose to the esophagus,
brachial plexus, or thyroid) or techniques (arc therapy
vs tangents). Consensus was not met (ie, ≥75% agree-
ment) on DVH recommendations for these organs.

For each regimen, both right- and left-sided primary site
heart constraints were included because this was thought to
be critical to quality plan evaluation. Strong consideration
for monitoring doses to these OARs should be considered.
Interest in the cardiac substructures, primarily the left ante-
rior descending artery and left ventricle, where emerging
data are allowing for the formulation of DVH constraints,
will be considered in future iterations.
Head and neck

Tables 625-30 and 731,32 include the DVH planning
goals for head and neck cancers. During initial



Table 10 Liver: moderately hypofractionated 15 fraction regimens (3-4.5 Gy per fraction to 45-67.5 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

Bowel_Large33 D0.03cc ≤45 Gy >45 Gy

Bowel_Small33 D0.03cc ≤45 Gy >45 Gy

Chestwall41,42 D10cc ≤60 Gy >60 Gy

D20cc ≤45 Gy >45 Gy

D150cc ≤40 Gy >40 Gy

Duodenum33 D0.03cc ≤45 Gy >45 Gy

Esophagus38 D0.5cc ≤40 Gy ≤45 Gy >45 Gy

Heart D30cc ≤45 Gy* >45 Gy* Equi effective dose conversion
from 8 Gy £ 5 fractions
using a/b = 3

Kidneys38 V18Gy ≤30% ≤32% >32%

Liver33 Liver − GTV/iGTV

(CP class A) Mean ≤20 Gy >20 Gy

(CP class B) Mean ≤16 Gy >16 Gy

(noncirrhotic) Mean ≤24 Gy >24 Gy

SpinalCanaly38 D0.5cc ≤30 Gy ≤35 Gy >35 Gy

Stomach33 D0.03cc ≤42 Gy ≤45 Gy >45 Gy

PTV V100% ≥95%* <95%* OAR has priority over PTV
coverage when in close proximityV90% ≥100%* <100%*

Abbreviations: a/b = alpha/beta ratio; CP = Child-Pugh; D = dose; GTV = gross tumor volume; iGTV = internal gross target volume; OAR = organ at
risk; PTV = planning target volume; V = volume.
*Panel consensus.
yModified from spinal cord to spinal canal.

Table 11 Lung: conventionally fractionated regimens (1.8-2 Gy per fraction to 60-70 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

BrachialPlex43 D0.03cc ≤66 Gy ≤70 Gy >70 Gy

Esophagus2,44-47 D0.03cc ≤105% ≤74 Gy >74 Gy

V60Gy ≤15.3%* ≤17% >17%

Mean ≤30.6 Gy* ≤34 Gy >34 Gy

Heart2 V45Gy ≤35% ≤40% >40%

Lung48 V20Gy ≤6.3%* ≤7% >7% Constraint applicable to patients
with only one lung present.
Lung − GTV/iGTV

V5Gy ≤42%* ≤60%* >60%*

Mean ≤7.7 Gy* ≤8.5 Gy >8.5 Gy

Lungs44,47,49 V20Gy ≤33%* ≤37% >37% Lungs − GTV/iGTV

V5Gy ≤60% ≤70% >70%

Mean ≤18 Gy* ≤22 Gy >22 Gy

SpinalCanal44,47 D0.03cc ≤50.5 Gy ≤52 Gy >52 Gy

PTV44,47 D95% 100% ≥95% <95%

Abbreviations: D = dose; GTV = gross tumor volume; iGTV = internal gross target volume; PTV = planning target volume; V = volume.
*Panel consensus.
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development, the focus was on RT to oropharyngeal and
laryngeal primaries. In some instances, the metrics could
be applied to other primary disease sites that use the same
fractionation regimen. The 2.12 Gy per fraction regimen
was incorporated into conventional fractionation for head
and neck, rather than hypofractionated, and Table 6 pro-
vides dose constraints specific to head and neck cancers
receiving conventionally fractionated RT (2.0-2.12 Gy per
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fraction to a total dose of 70 Gy). These include treatment
plans that may include a simultaneous integrated boost
(SIB), with dose constraints derived from both definitive
and postoperative RT protocols. The targets are listed as
PTVs for high risk (ie, gross disease) and low risk (ie, elec-
tive nodes/regions), and it is recognized that there may be
optional intermediate target volumes that would follow
the same coverage metrics.

Table 6 does not apply to early-stage laryngeal cancers.
Table 7 focuses on early-stage T1/T2 glottic cancers
treated with moderate hypofractionation of 2.25 Gy per
fraction to a total dose of 63 to 65.25 Gy.
Liver

Tables 8-103,5,33-42 include the DVH planning goals for
3- and 5-fraction SBRT, as well as moderately hypofrac-
tionated 15-fraction regimens. These were primarily
derived from clinical data and protocols for treating pri-
mary liver cancers (hepatocellular carcinoma and intrahe-
patic cholangiocarcinoma) but may be applicable to the
treatment of liver metastases. CW constraints were added
Table 12 Lung: ultrahypofractionated 1 fraction regimens (27

Organ/target Metric Primary goal S

BrachialPlex5 D0.035cc ≤16.4 Gy

Bronchus5 D0.035cc ≤20.2 Gy

D0.5cc ≤17.4 Gy

Chestwall50 D1cc ≤30.2 Gy

D5cc ≤27.2 Gy

Esophagus3,45,51 D0.035cc ≤15.4 Gy

D5cc ≤11.9 Gy

GreatVes3,5,45,51 D0.035cc ≤37 Gy

Heart3,5,45,51 D0.035cc ≤22 Gy

D15cc ≤16 Gy

Lungs5 V8Gy ≤37%

Ribs3,45,51 D0.035cc ≤30 Gy

D1cc ≤22 Gy

Skin3,45,51 D0.035cc ≤26 Gy

D10cc ≤23 Gy

SpinalCanal4 D0.035cc ≤12.4 Gy ≤

Trachea/ D0.035cc ≤20.2 Gy

Bronchus_Main3,45,51 D4cc ≤10.5 Gy

PTV D95% 100%* ≥

D99% ≥90%* ≥
Abbreviations: D = dose; GTV = gross tumor volume; iGTV = internal gross t
*Panel consensus.
in the current recommendations; however, there was vari-
able implementation/prioritization of these in practice
among the original panelists (eg, some elected to prioritize
target coverage over meeting all CW metrics depending
on the treatment goals and clinical context). The recom-
mended planning goals for nonliver gastrointestinal
OARs (eg, bowel) were established in clinical settings
where comorbidities (eg, cirrhosis and portal hyperten-
sion) were more likely to be present. Because cirrhosis
and/or portal hypertension may increase the risk of acute
or late toxicities (eg, gastrointestinal bleeding), the pro-
posed goals may be more restrictive than what might be
permissible when these comorbidities are not present (eg,
for limited liver metastases) in noncirrhotic livers.

Given the liver’s parallel tissue architecture, many
prior studies have reported critical volume constraints as
key dosimetric parameters for the normal liver. Specifi-
cally, these constraints define the volume of normal liver
that should receive a dose at or below a specified thresh-
old.3 For example, the ASTRO Liver Guideline recom-
mends sparing at least 700 cc of the normal liver below a
specified threshold dose, which varies based on the frac-
tionation regimen and the patient’s baseline liver
-34 Gy)

econdary goal Deviation Notes

>16.4 Gy

>20.2 Gy Bronchial tree/smaller
airways>17.4 Gy

>30.2 Gy

>27.2 Gy

>15.4 Gy

>11.9 Gy

>37 Gy

>22 Gy

>16 Gy

>37% Lungs − GTV/iGTV

>30 Gy

>22 Gy

>26 Gy

>23 Gy

14 Gy >14 Gy

>20.2 Gy

>10.5 Gy

99%* <99%* Peripheral lesions only

85%* <85%*

arget volume; PTV = planning target volume; V = volume.
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function.33 To simplify implementation of volumetric
liver sparing, the use of CV, as described in the Nomen-
clature Section, was recommended.12,13
Lung

Tables 11-182-5,43-58 include the DVH planning goals for
conventional, moderately hypofractionated, and ultrahypo-
fractionated approaches for non-small cell lung cancer. These
reflect the most commonly used fractionation regimens
through literature and panel consensus, although other frac-
tionation regimens outside the scope of this project may be
considered in clinical practice (eg, small cell lung cancer twice
daily treatment, SIB, postoperative treatment). For all lung
regimens, the spinal canal is used rather than spinal cord,
reflecting widespread practice and literature supporting the
Table 13 Lung: ultrahypofractionated 3 fraction regimen (18

Organ/target Metric Primary goal

BrachialPlex3,36,39,45 D0.035cc ≤24 Gy

Bronchus5 D0.035cc ≤30 Gy

D0.5cc ≤25.8 Gy

Chestwall35,39,52 D0.035cc ≤50 Gy

V30Gy ≤30 cc ≤

Esophagus3,36,39,45 D0.035cc ≤27 Gy

D5cc ≤17.7 Gy

GreatVes3,5,39 D0.035cc ≤45 Gy

Heart3,5,36,45 D0.035cc ≤30 Gy

D15cc ≤24 Gy

Lungs3,4,36 V20Gy ≤10% ≤

CV11.6Gyy ≥1500 cc

CV12.4Gyy ≥1000 cc

Mean ≤8 Gy

Ribs5 D0.035cc ≤50 Gy

D5cc ≤40 Gy

Skin3,5,39 D0.035cc ≤33 Gy

D10cc ≤31 Gy

SpinalCanal4 D0.035cc ≤20.3 Gy

Trachea/ D0.035cc ≤30 Gy

Bronchus_Main3,36,39 D4cc ≤15 Gy

PTV D95% 100%* ≥

D99% ≥90%* ≥
Abbreviations: CV = complementary volume; D = dose; GTV = gross tumor
volume; V = volume.
*Panel consensus.
yCVxGy[cc] = total lung volume[cc] � VxGy[cc], representing the CV on a cu
ing the indicated dose or less.
DVHs. In rare instances, published OAR constraints did not
make logical sense when reviewing individual sources (eg,
having a lower dose constraint for 10 fractions than for a 5-
fraction regimen); therefore, “panel consensus” measures
were created to account for this in several instances. The 8-
fraction regimen was added to the original regimens previ-
ously reported9 because of additional evidence from several
trials using this fractionation regimen.53,54

For serial structures or critical mediastinal structures
where there is a maximum dose constraint that cannot be
met with 3 fractions, the selected regimen should change to
4 or 5 fractions. Moderately hypofractionated treatment is
often pursued when an ultra-central location and/or bur-
den of disease suggests a benefit with using more than 5
treatments. These tables include 8-, 10-, and 15-fraction
regimens all to doses of ≥60 Gy. In general, tumor coverage
should not be compromised, especially for parallel
Gy per fraction to 54 Gy)

Secondary goal Deviation Notes

>24 Gy

>30 Gy Bronchial tree/smaller
airways>25.8 Gy

>50 Gy

35 cc >35 cc*

>27 Gy

>17.7 Gy

>45 Gy

>30 Gy

>24 Gy

15% >15% Lungs − GTV/iGTV

<1500 cc

<1000 cc

>8 Gy

>50 Gy

>40 Gy

>33 Gy

>31 Gy

>20.3 Gy*

>30 Gy

>15 Gy

99%* <99%* Peripheral lesions only

85%* <85%*

volume; iGTV = internal gross target volume; PTV = planning target

mulative dose-volume histogram, which is the volume of tissue receiv-



Table 14 Lung: ultrahypofractionated 4 fraction regimens (12-12.5 Gy per fraction to 48-50 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

BrachialPlex39,45,51 D0.035cc ≤27.2 Gy >27.2 Gy

Bronchus5 D0.035cc ≤34.8 Gy >34.8 Gy Bronchial tree/smaller
airwaysD0.5cc ≤28.8 Gy >28.8 Gy

Chestwall35,39,52 D0.035cc ≤50 Gy* ≤54 Gy >54 Gy

V30Gy ≤30 cc ≤35 cc >35 cc*

Esophagus39,53,43,45,51 D0.035cc ≤30 Gy >30 Gy

D5cc ≤18.8 Gy >18.8 Gy

GreatVes5,39,43,45 D0.035cc ≤43 Gy* ≤49 Gy >49 Gy

Heart39,43,45,51 D0.035cc ≤34 Gy >34 Gy

D15cc ≤28 Gy >28 Gy

Lungs4 V20Gy ≤10% ≤15% >15% Lungs − GTV/iGTV

Mean ≤8 Gy >8 Gy

Ribs45,51 D0.035cc ≤40 Gy >40 Gy

D1cc ≤32 Gy >32 Gy

Skin39,43,51 D0.035cc ≤36 Gy >36 Gy

D10cc ≤33.2 Gy >33.2 Gy

SpinalCanal39 D0.035cc ≤24 Gy >24 Gy

Trachea/ D0.035cc ≤34.8 Gy >34.8 Gy

Bronchus_Main39,45,51 D4cc ≤15.6 Gy >15.6 Gy

PTV D95% 100%* ≥99%* <99%* Peripheral or central
lesionsD99% ≥90%* ≥85%* <85%*

Abbreviations: D = dose; GTV = gross tumor volume; iGTV = internal gross target volume; PTV = planning target volume; V = volume.
*Panel consensus.
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structures where the constraint is volumetric. This also
applies when unable to meet rib or CW constraints, as
exceeding these constraints does not generally carry the
same grade 4 and 5 toxicity risks as other organs, and cov-
erage should be optimized to avoid underdosing the target
while seeking to minimize toxicity. In some circumstances,
selecting another dose/fractionation regimen is an option.
There are situations where lower doses (eg, 45 Gy in 15
fractions, 50 Gy in 10 fractions) may be clinically appropri-
ate, but those were not directly addressed by these DVH
constraints (eg, a constraint of 60 Gy to the trachea is not
relevant if prescribing 45 Gy to the PTV) and are not
included in the tables’ fractionations. If using alternate
doses, reviewing evidence specific to that dosing schema is
recommended. Although SBRT lung constraints are some-
times applied for treating lung metastases, this was outside
the panel’s consensus for listed DVH constraints intended
for primary lung cancer treatment.

While conventional lung treatment is most typically
delivered to 60 to 70 Gy in 2 Gy daily fractions,59 the con-
straints listed in Table 11 can also be applied when treat-
ing in 1.8 Gy fractions. For adjuvant RT cases treating in
1.8 Gy fractions to doses <60 Gy, more conservative
constraints should generally be applied, especially for car-
diopulmonary organs.
Prostate

Tables 19-232,4,60-76 include the DVH planning goals
for prostate cancer. These goals are intended to be applied
when treating prostate/seminal vesicle only, prostate/sem-
inal vesicle with elective pelvic nodal RT, prostate bed
only, and prostate bed with elective pelvic nodal RT.
Importantly, these goals were developed for use in settings
that do not include a primary tumor boost (ie, “FLAME”
microboost). However, when a primary tumor boost is
used, it is typically planned to deliver the closest dose to
the planned boost dose that is possible while meeting
OAR constraints. Thus, these OAR constraints can be
used to inform such treatments, although constraints spe-
cific to the urethra in the setting of the primary tumor
boost would be necessary. Refer to the literature for fur-
ther details regarding planning for a primary tumor
boost.77-79 Additionally, the panel acknowledges that
some rectal and bowel planning goals can be challenging



Table 15 Lung: ultrahypofractionated 5 fraction regimens (10-12 Gy per fraction to 50-60 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

BrachialPlex39,45,54,55 D0.035cc ≤32 Gy >32 Gy

Bronchus3,5,39 D0.035cc ≤40 Gy ≤105% >105% Bronchial tree/smaller
airwaysD0.5cc ≤21 Gy >21 Gy

Chestwall35,39,40,52 D0.035cc ≤50 Gy* ≤57 Gy >57 Gy

V30Gy ≤30 cc ≤70 cc >70 cc

Esophagus3,5,39 D0.035cc ≤38 Gy ≤105% >105%

D5cc ≤19.5 Gy >19.5 Gy

GreatVes39,45,55 D0.035cc ≤105% >105%

Heart3,5,39,55 D0.035cc ≤38 Gy ≤105% >105%

D15cc ≤32 Gy >32 Gy

Lungs3,4,55 V20Gy ≤10% ≤15% >15% Lungs − GTV/iGTV

CV12.5Gyy ≥1500 cc <1500 cc

CV13.5Gyy ≥1000 cc <1000 cc

Mean ≤8 Gy >8 Gy

Ribs3 D0.035cc ≤43 Gy >43 Gy

D1cc ≤35 Gy >35 Gy

Skin45,55 D0.035cc ≤32Gy >32 Gy

D10cc ≤30 Gy >30 Gy

SpinalCanal5,39 D0.035cc ≤28 Gy >28 Gy

Trachea/ D0.035cc ≤40 Gy ≤105% >105%

Bronchus_Main3,39,55 D4cc ≤18 Gy >18 Gy

PTV D95% 100%* ≥99%* <99%* Peripheral or central
lesionsD99% ≥90% * ≥85%* <85%*

Abbreviations: CV = complementary volume; D = dose; GTV = gross tumor volume; iGTV = internal gross target volume; PTV = planning target
volume; V = volume.
*Panel consensus.
yCVxGy[cc] = total lung volume[cc] � VxGy[cc], representing the CV on a cumulative dose-volume histogram, which is the volume of tissue receiv-
ing the indicated dose or less.
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to meet. In these situations, a larger secondary planning
goal range was created to avoid underdosing of the PTV
in an attempt to meet unattainable primary rectal DVH
goals. Finally, it is general practice not to reduce target
coverage to meet penile bulb planning goals, and thus a
deviation in these goals may not warrant the same
response as other critical OARs.
Rectal

The target and normal tissue dose constraints are listed
for both conventional and short-course regimens in
Tables 2480−84 and 25,85-87 respectively, for rectal cancer.
Treatment planning of pelvic RT for rectal cancer is com-
plex, particularly since pelvic treatment plans can be
achieved using 3-dimensional conformal RT or intensity
modulated RT. Rectal treatments may involve a whole
pelvis field followed by a cone-down boost or using an
SIB approach. In addition, short-course RT (25 Gy in 5
fractions) is an option for preoperative therapy in select
patients. Given the lack of consensus on contouring the
small bowel, the panel provided options for when it is
contoured as individual bowel loops or as a bowel bag.
Several resources are available to help identify OARs and
improve uniformity in defining normal tissues.80,88 The
D0.03 cc primary/secondary goal boundary for small
bowel is 55 Gy to 56 Gy, reflecting that 56 Gy is used as a
prescription dose for SIB and sequential boosts. DVH
objectives for the genitals and vagina are given for con-
ventional fractionation but not for short course because
there is a paucity of data for their use in this setting and a
lower total dose. These OARs are most relevant when the
inguinal and external iliac nodes are included in the target
volume, and this scenario is most often treated with con-
ventional fractionation.



Table 16 Lung: ultrahypofractionated 8 fraction regimen (7.5 Gy per fraction to 60 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

BrachialPlex39,53 D0.035cc <38 Gy ≥38 Gy

Chestwall39,56 D0.035cc ≤63 Gy >63 Gy

V45Gy <30 cc >30 cc

Esophagus53,56 D0.035cc <40 Gy <52.5 Gy ≥52.5 Gy*

D5cc <22 Gy ≥22 Gy

GreatVes5 D0.035cc <62 Gy ≥62 Gy

Heart5,56 D0.035cc <46 Gy <60 Gy ≥60 Gy*

D15cc <34.4 Gy ≥34.4 Gy

Lungs56 V26Gy <10% ≥10% Lungs − GTV/iGTV

Mean <10 Gy* ≥10 Gy*

Ribs5,53 D0.035cc ≤63 Gy >63 Gy

D5cc ≤50 Gy >50 Gy

SpinalCanal39,53,54 D0.035cc <32 Gy ≥32 Gy

Trachea/ D0.035cc <46.3 Gy <56 Gy ≥56 Gy

Bronchus_Main5,56 D5cc <50 Gy ≥50 Gy

PTV D95% 100%* ≥99%* <99%*

D99% ≥90%* ≥85%* <85%*

Abbreviations: D = dose; GTV = gross tumor volume; iGTV = internal gross target volume; PTV = planning target volume; V = volume.
*Panel consensus.

Table 17 Lung: moderately/ultrahypofractionated 10 fraction regimens (7 Gy per fraction to 70 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

BrachialPlex5 D0.035cc ≤43 Gy >43 Gy

Chestwall57 V50Gy ≤60 cc >60 cc

Esophagus5 D0.035cc ≤48 Gy ≤52.5 Gy >52.5 Gy*

D5cc ≤24 Gy* >24 Gy*

GreatVes5 D0.035cc ≤62.9 Gy >62.9 Gy

D10cc ≤55.7 Gy >55.7 Gy

Heart5,57,58 D0.035cc ≤42.5 Gy ≤60 Gy >60 Gy

D15cc ≤36.6 Gy >36.6 Gy

Lungs54 V16Gy ≤30%* ≤32%* >32%* Lungs − GTV/iGTV

Mean <12 Gy ≥12 Gy

SpinalCanal5 D0.035cc ≤33.3 Gy* ≤36 Gy >36 Gy

Trachea/ D0.035cc ≤59 Gy >59 Gy

Bronchus_Main5 D5cc ≤52 Gy >52 Gy

PTV D95% 100%* ≥99%* <99%*

D99% ≥90%* ≥85%* <85%*

Abbreviations: D = dose; GTV = gross tumor volume; iGTV = internal gross target volume; PTV = planning target volume; V = volume.
*Panel consensus.
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Table 18 Lung: moderately hypofractionated 15 fraction regimen (4 Gy per fraction to 60 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

BrachialPlex49 D0.03cc ≤49.8 Gy ≤52 Gy >52 Gy

Chestwall42 V40Gy ≤150 cc >150 cc

Esophagus49 D0.03cc ≤58.9 Gy ≤61.3 Gy >61.3 Gy

Mean ≤25 Gy* ≤32 Gy >32 Gy

GreatVes53 D0.03cc ≤60 Gy* ≤66 Gy >66 Gy

Heart49,53,54 D0.03cc ≤60 Gy* ≤66 Gy >66 Gy

Mean ≤16.5 Gy ≤18.5 Gy >18.5 Gy

Lungs49 V16.5Gy ≤37% ≤40% >40% Lungs − GTV/iGTV

V5Gy ≤65% ≤70% >70%

Mean ≤16.5 Gy ≤18.5 Gy >18.5 Gy

SpinalCanal49 D0.03cc ≤36.5 Gy ≤40.2 Gy >40.2 Gy

Trachea/
Bronchus_Main53,54

D0.03cc ≤60 Gy* ≤66 Gy >66 Gy

PTV49 D95% 60 Gy ≥50 Gy ≤61.2 Gy <50 Gy; >61.2 Gy

D99% ≥52.5 Gy ≥45 Gy <45 Gy

D0.03cc ≤66 Gy ≤69 Gy >69 Gy

Abbreviations: D = dose; GTV = gross tumor volume; iGTV = internal gross target volume; PTV = planning target volume; V = volume.
*Panel consensus.

Table 19 Prostate: conventionally fractionated regimens (1.8-2 Gy per fraction to 74-81 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

Bladder2,60-64 V75Gy ≤25% >25%

V70Gy ≤35% >35%

V50Gy ≤50% >50%

Bowel_Large65 D0.035cc ≤62.5 Gy >62.5 Gy

V60Gy ≤1%* >1%*

Bowel_Small66,67 D0.035cc ≤52.5 Gy ≤54 Gy >54 Gy

V45Gy ≤150 cc ≤200 cc >200 cc

Femur_Head66 V50Gy ≤10% >10%

PenileBulb60-63,67-69 Mean ≤52.5 Gy >52.5 Gy PTV coverage should not
be compromised

Rectum64,67 V75Gy ≤10% ≤15% >15%

V70Gy ≤15% ≤25% >25%

V40Gy ≤40% * ≤65% >65%

PTV V100% ≥95%* ≥90%* <90%*

D2% ≤110%* ≤115%* >115%*

Abbreviations: D = dose; PTV = planning target volume; V = volume.
*Panel consensus.
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Discussion

The dose constraints provided are the result of quality
measure development between the VA and ASTRO to
date. They represent the body of work thus far, with the
goal of expanding future resources to include other dis-
ease sites. Updates to the tables will occur when new data
is presented and as technologies evolve.



Table 20 Prostate: moderately hypofractionated 20 fraction regimen (3 Gy per fraction to 60 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

Bladder64,65,69 V60Gy ≤5% ≤15% >15%

V48Gy ≤25% >25%

V40Gy ≤50% >50%

Bowel_Large65 D0.03cc ≤50 Gy >50 Gy

Bowel_Small64,68 D0.03cc ≤50 Gy* >50 Gy*

V40Gy ≤17 cc ≤195 cc >195 cc

Femur_Head64 V40Gy ≤5% ≤50% >50%

PenileBulb64 V48Gy ≤10% >10% PTV coverage should
not be compromised

Rectum67,69,70 V60Gy ≤0.01% ≤8% >8%

V50Gy ≤22% >22%

V30Gy ≤57% >57%

PTV V100% ≥95%* ≥90%* <90%*

D2% ≤110%* ≤115%* >115%*

Abbreviations: D = dose; PTV = planning target volume; V = volume.
*Panel consensus.

Table 21 Prostate: moderately hypofractionated 28 fraction regimen (2.5 Gy per fraction to 70 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

Bladder65,67-69,71 V70Gy ≤10% ≤15% >15%

V65Gy ≤15% ≤25% >25%

V40Gy ≤35% ≤65% >65%

Bowel_Large65,68 D0.035cc ≤55 Gy ≤60 Gy >60 Gy

V50Gy ≤1%* >1%*

Bowel_Small67,71 D0.035cc ≤52.5 Gy ≤54 Gy >54 Gy

V40Gy ≤1% >1%

Femur_Head71 V40Gy 0% >0%

PenileBulb71 Mean <50 Gy ≥50 Gy PTV coverage should
not be compromised

Rectum67-69,71 V70Gy ≤5% ≤10% >10%

V65Gy ≤10% >10%

V40Gy ≤35% >35%

PTV V100% ≥95%* ≥90%* <90%*

D2% ≤110%* ≤115%* >115%*

Abbreviations: D = dose; PTV = planning target volume; V = volume.
*Panel consensus.
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As RT treatment planning and delivery techniques
improve, anticipated goals of treatment may evolve as well.
For example, increasing use of daily online adaptive therapy
has led to an increased focus on gross target volume coverage
in those cases and increasing/decreasing the daily fraction
dose based on achievable planning goals or further refine-
ment of OAR dose constraints. Increasing the precision of
RT has made ultrahypofractionated regimens feasible for
more disease sites, and as evidence becomes available for
more of these regimens, they may be included in this guid-
ance. It is also anticipated that previously overlooked struc-
tures may be identified as receiving clinically meaningful
incidental doses, and more structures could be recognized as
at risk, necessitating new planning considerations. Many



Table 22 Postoperative prostate: conventionally fractionated regimens (1.8-2 Gy per fraction to 64-72 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

Bladder72 V65Gy <50% ≤57.5% >57.5%* Bladder − CTVp

V40Gy ≤70% ≤77% >77%

Bowel_Large D0.03cc ≤62.5 Gy* >62.5 Gy*

V60Gy ≤1%* >1%*

Bowel_Small66,73 V60Gy ≤0.1 cc >0.1 cc

V45Gy ≤150 cc ≤200 cc >200 cc

Femur_Head66 V50Gy ≤10% ≤15% >15%

PenileBulb73 Mean ≤52.5 Gy >52.5 Gy

Rectum72 V65Gy ≤35% ≤45% >45%*

V40Gy ≤55% ≤65% >65%*

PTV
(Prostate bed)

V100% ≥95%* ≥90%* <90%*

D2% ≤110%* ≤115%* >115%*

Abbreviations: CTVp = primary clinical target volume; D = dose; PTV = planning target volume; V = volume.
*Panel consensus.

Table 23 Prostate: ultrahypofractionated 5 fraction regimens (7.25-8 Gy per fraction to 36.25-40 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

Bladder64,68 V37Gy <5 cc <20 cc ≥20 cc

V18.1Gy <40% ≥40%

Bowel_Large68 D0.03cc ≤30 Gy >30 Gy*

Bowel_Small64,68,74 V30Gy ≤0.03 cc ≤1 cc >1 cc*

V18.1Gy <5 cc ≥5 cc

Femur_Head64 V14.5Gy <5% ≥5%

PenileBulb64,74,75 D0.03cc ≤36.25 Gy >36.25 Gy PTV coverage should not be
compromisedV29.5Gy <50% ≥50%

Rectum64,68,76 V36Gy <1 cc <3 cc ≥3 cc

V29Gy <20% ≥20%

V18.1Gy <50% ≥50%

Urethra64 V42Gy <50% ≥50%

PTV4,74,75 V100% ≥95%* <95%*

D0.03cc ≤120%* >120%* Robotic/ablative

D0.03cc ≤107% >107% Linac based

Abbreviations: D = dose; Linac = linear accelerator; PTV = planning target volume; V = volume.
*Panel consensus.

------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------
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panelists thought that the existing data supported using a
mean dose for serial functioning organs or large organs, but
this metric may be less meaningful when the organ is only
partially irradiated. As work on normal tissue effects from
modern RT continues, future iterations of this compendium
will critically assess the value of this metric. Additionally,
existing studies have frequently used percentage constraints,
which can be affected by overcontouring or incomplete con-
touring of an OAR. New studies are shifting toward replacing
these with volumetric constraints, and future updates to the
compendium will likely incorporate these evolving measures.

There is still work to be done to optimize dose goals
and constraints for target volumes and normal tissues,
within radiation oncology. Different methodologies for
calculating doses have produced varying data, and ongo-
ing efforts will harmonize the lack of concordance where
possible. Wide variation when reporting on toxicities and
efforts to standardize provide an opportunity for future



Table 24 Rectal: conventionally fractionated regimens (1.8-2.0 Gy per fraction to 50-56 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

Bladder80-83 V45Gy ≤15% ≤30% >30%*

Mean ≤40 Gy ≤44 Gy >44 Gy

Bowel_Small D0.03cc ≤56 Gy* ≤60 Gy* >60 Gy* Contoured as
Bag_BowelD100cc ≤45 Gy* ≤49.5 Gy* >49.5 Gy*

D180cc ≤35 Gy* ≤38.5 Gy* >38.5 Gy*

Bowel_Small84 D0.03cc ≤56 Gy* ≤60 Gy >60 Gy Contoured as
individual loopsV50Gy ≤30 cc >30 cc

V45Gy ≤150 cc >150 cc

Femur_Head81 D5% ≤45 Gy ≤49.5 Gy >49.5 Gy

D50% ≤30 Gy ≤33 Gy >33 Gy

Genitals84 V40Gy ≤5% ≤10% >10% Vulva or testis/penis

V30Gy ≤35% >35%

V20Gy ≤50% >50%

Vagina V45Gy ≤50% >50% Vaginal canal

PTV81,82 D95% ≥95% ≥90% <90%

D10% ≤110% ≤120% >120%

Abbreviations: D = dose; PTV = planning target volume; V = volume.
*Panel consensus.

Table 25 Rectal: short-course regimen (5 Gy per fraction to 25 Gy)

Organ/target Metric Primary goal Secondary goal Deviation Notes

Bladder85 V25Gy ≤20%* >20%*

V15Gy ≤50% >50%

Mean ≤20 Gy* >20 Gy*

Bowel_Small80 D0.03cc ≤26.5 Gy* ≤28.75 Gy* >28.75 Gy* Contoured as
Bag_BowelV20Gy ≤200 cc >200 cc

Bowel_Small86,87 D0.03cc ≤26.5 Gy* ≤28.75 Gy* >28.75 Gy* Contoured as
individual loopsV20Gy ≤50 cc >50 cc

Femur_Head D5% ≤25 Gy* >25 Gy*

PTV87 D95% ≥95% <95%

D0.03cc ≤115% >115%

Abbreviations: D = dose; PTV = planning target volume; V = volume.
*Panel consensus.
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trial data to add to the depth of knowledge. The develop-
ment of automated tools to support contouring is ongoing
and, where possible, vendors should incorporate these
tools into the oncology information systems and treat-
ment planning systems to promote this standard of care.

This DVH compendium is pragmatic and reflective of
general practice and established treatment regimens. The
VA plans to assess the consistency of these metrics within
clinical practice to evaluate adherence and quality follow-
ing their adoption. Having accessible default constraints
supports standardization and will help improve the qual-
ity of treatment planning and radiation delivery for all
patients.
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