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Background/Purpose

Shoulder/arm morbidity is a late complication of breast cancer treatment with surgery and regional nodal irradiation (RNI). We set to analyze the impact of radiation technique [intensity modulated radiation therapy (IMRT) or 3D conformal radiation therapy (3DCRT)] on radiation dose to the shoulder with a hypothesis that IMRT use results in smaller volume of shoulder receiving radiation. We explored the relationship of treatment technique on long-term patient-reported outcomes using the quick disabilities of the arm, shoulder, and hand (q-DASH) questionnaire.



Materials/Methods

We identified patients treated with adjuvant RNI (50 Gy/25 fractions) from 2013 to 2018. We retrospectively contoured the shoulder organ-at-risk (OAR) from 2 cm above the ipsilateral supraclavicular (SCL) planning target volume (PTV) to the inferior SCL PTV slice and calculated the absolute volume of shoulder OAR receiving 5–50 Gy (V5–V50). We identified patients that completed a q-DASH questionnaire ≥6 months from the end of RNI.



Results

We included 410 RNI patients: 54% stage III, 72% mastectomy, 35% treated with IMRT. IMRT resulted in significant reductions in the shoulder OAR volume receiving 20–50 Gy vs. 3DCRT. In total, 82 patients completed the q-DASH. The mean (SD) q-DASH=25.4 (19.1) and tended to be lower with IMRT vs. 3DCRT: 19.6 (16.4) vs. 27.8 (19.8), p=0.078.



Conclusion

We found that IMRT reduces radiation dose to the shoulder and is associated with a trend toward reduced q-DASH scores ≥6 months post-RNI in a subset of our cohort. These results support prospective evaluation of IMRT as a technique to reduce shoulder morbidity in breast cancer patients receiving RNI.
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Introduction

Regional nodal irradiation (RNI) in breast cancer patients is expanding based on clinical trials and meta-analyses (1–3). Shoulder and arm morbidity is an important late effect of whole breast irradiation and RNI (4–12). Shoulder and arm morbidity include impairments of shoulder/arm movement, chest wall discomfort, lymphedema, and upper extremity weakness (6) which negatively impact quality of life (9, 13). These morbidities are common with as many as 2/3 of patients reporting decreased shoulder mobility and nearly 20% of patients experiencing persistent shoulder/arm pain more than 2.5 years out from the end of radiation (10).

Muscles with origins or insertions on the humerus constitute a complex system—any one of these muscles that gets exposed to radiation can affect shoulder function. Compared to whole breast or chestwall-only radiation, RNI increases dose to the muscles of the shoulder and upper back (14). Intensity modulated radiation therapy (IMRT) is a planning technique that conforms dose to targets and limits high/moderate radiation doses to adjacent organs-at-risk (OARs) and is sometimes used for RNI in order to meet heart or lung constraints (15, 16). By default, IMRT may reduce the volume of shoulder musculature exposed to high/moderate radiation doses relative to 3D conformal radiation therapy (3DCRT), but this has not been previously characterized.

While it is clear that RNI increases dose to the shoulder, the relationship between the volume of shoulder exposed to various radiation doses with shoulder morbidity is not well characterized. Evaluation of shoulder function with a validated tool is lacking in breast cancer patients receiving RNI. The disabilities of the arm, shoulder, and hand (DASH) questionnaire is a 30-item evaluation tool to measure arm/shoulder/hand morbidity with lower scores (100-point scale) indicating less morbidity. Questions assess ability to complete common tasks (e.g. opening a jar) as well as the presence of pain and/or weakness. A systematic review of the literature recommends use of the DASH to measure shoulder/arm dysfunction in breast cancer patients (17). The quick-DASH (q-DASH) is a shorter (11-item) tool that results in similar scores to the DASH and is increasingly being used in the clinic (18, 19).

Here, we aimed to study the impact of radiation treatment technique (IMRT vs. 3DCRT) on radiation dose to the shoulder with a hypothesis that IMRT results in lower volume of the shoulder receiving high/moderate doses of radiation. We further set to characterize long-term (≥6 months) shoulder morbidity in patients that had completed the q-DASH. Lastly, we compare q-DASH scores in patients treated with 3DCRT versus IMRT to test the hypothesis that the expected reduction in the volume of shoulder receiving high/moderate doses of radiation with IMRT would translate to improved (lower) q-DASH scores.



Materials and Methods


Patient Selection

We obtained Institutional Review Board approval for this study (IRB #2018C0011). We used our departmental database to identify all patients treated with RNI with conventional fractionation (200 cGy/fraction) from 1/2013 to 12/2018. Patient were excluded for the following: recurrent disease; simultaneous distant metastatic disease; hypofractionated radiation; re-irradiation regimens, boost to extra-axillary disease in the supraclavicular fossa and/or axillary apex; bilateral RNI.



Radiation Simulation and Treatment Planning

Details of our RNI treatment planning algorithm have been described previously (20, 21). Briefly, patients underwent CT simulation in the supine position (or prone in select cases) with a free-breathing CT scan (FBCT). An additional deep inspiration breath hold (DIBH) scan was obtained for all left-sided and select right-sided cases. The target volumes were contoured per the NSABP B51/RTOG 1304 clinical trial guidelines, which is based on the RTOG Contouring Atlas (22, 23). The OARs prospectively and routinely contoured were: whole heart; bilateral lungs; contralateral breast/chestwall, and thyroid. There was no prospectively contoured OAR to account for muscles/soft tissues of the neck, shoulder, or back. The prescription dose was 5,000 cGy in 25 fractions to the breast/chestwall and regional nodes. An additional boost to the mastectomy scar or lumpectomy cavity was given per treatment physician discretion. We followed the planning objectives and normal tissue constraints of NSABP B51/RTOG 1304 trial for all plan evaluation and approval. The treatment planning algorithm begins with 3DCRT but changes to IMRT as needed to meet critical heart/lung planning constraints.



Definition of the Shoulder OAR and Back OARs

For each case, we retrospectively contoured the muscles and soft tissues of the neck, shoulder, and back. Few RNI studies have characterized the shoulder as an OAR, and therefore, there is no consensus definition for the shoulder OAR. Johansen et al. defined a shoulder OAR by contouring the outer border of the humerus, the coracoid process, and the acromion with a 5 mm margin (24). In a separate study by Lipps et al., nine individual muscles of the shoulder and chestwall were contoured as separate structures (14). In our study, we decided that the shoulder OAR and back OAR structures should include muscles, soft tissues, bone, and vasculature since all of these are integral components to the structure and function of the shoulder, and all can be affected by radiation. We defined the shoulder OAR as all muscle, soft tissues, vasculature, and bones (excluding the vertebra) in the posterior neck, shoulder, and upper arm region beginning from 2 cm superior to the most cranial slice of the supraclavicular (SCL) PTV and ending at the most caudal SCL PTV slice (Figures 1A, B). Partial or whole muscles included in the shoulder OAR included: trapezius, levator scapulae, deep cervical muscles, posterior scalene, biceps brachii, deltoid, subscapularis, infraspinatus, latissimus dorsi, pectoralis major. In addition, we defined the back OAR as all posterior chestwall muscle, soft tissue, vasculature and bones (excluding the ribs and vertebra) beginning one slice inferior to the caudal slice of the SCL PTV and extending to 2 cm inferior to the most caudal chestwall/PTV slice (Figures 2A, B). The anterior most extent of the posterior chestwall OAR was the anterior edge of the latissimus dorsi muscle (pectoralis muscles and the other intercostal muscles anterior to the latissimus were not included). Partial or whole muscles included in the back OAR included the: latissimus dorsi, serratus anterior, subscapularis, infraspinatus, supraspinatus, trapezius, erector spinae. Portions of certain muscles could be included in both the shoulder OAR and back OAR due to their length and size (e.g., latissimus dorsi, trapezius, subscapularis). Last, we defined the shoulder+back OAR as the union of the shoulder OAR and back OAR.




Figure 1 | Example contours of the shoulder organ-at-risk (OAR) (orange contour). The shoulder OAR structure begins 2 cm above the cranial slice of the supraclavicular PTV ends at the inferior slice of the supraclavicular PTV. Panel (A) demonstrates an axial (left), coronal (middle), and sagittal (right) projections. Panel (B) demonstrates axial slices only progressing from the superior (far left) to inferior (far right) extent of the shoulder OAR. These structures include all muscle, soft tissue, bony and vascular structures of the shoulder and back, excluding the spine and ribs.






Figure 2 | Example contours of the back organ-at-risk (OAR) (green contour). The back OAR extends 2 cm inferiorly from the most caudal slice of the chestwall/breast PTV. Panel (A) demonstrates an axial (left), coronal (middle), and sagittal (right) projections. Panel (B) demonstrates axial slices only progressing from the superior (far left) to inferior (far right) extent of the back OAR. These structures include all muscle, soft tissue, bony and vascular structures of the shoulder and back, excluding the spine and ribs.





Data Collection, Outcomes, and Statistics

First, we aimed to compare the volume of shoulder OAR and back OAR receiving various radiation doses between IMRT and 3DCRT patients. The dose volume histogram (DVH) of the final plan was then analyzed to capture the absolute volume of shoulder OAR, back OAR and back+shoulder OAR (in cc) receiving at least 5 Gy, 10 Gy, 20 Gy, 30 Gy, 40 Gy, 47.5 Gy, and 50 Gy (V5–V50). Figure 3 shows a typical dose distribution for IMRT (Figures 3A, B) and for 3DCRT (Figures 3C, D). Due to the standard 3DCRT beam arrangement of anterior and posterior oblique fields to treat the SCL and axillary apical nodes (Figure 3), we hypothesized that IMRT patients would have a lower volume of shoulder OAR exposed to moderate-high dose radiation (V20-V50) compared to 3DCRT patients. Since tangential fields are used to treat the breast/chestwall (Figure 3), we hypothesized that the volume of back OAR exposed to moderate-high dose radiation would be similar between IMRT and 3DCRT patients. Differences in volume between IMRT and 3DCRT patients were analyzed with a t-test (p<0.05 considered statistically significant).




Figure 3 | Representative intensity modulated radiation therapy (IMRT) (top panels) and 3DCRT (bottom panels) dose distributions. (A) shows that the 30Gy (light blue), 40 Gy (cyan), 47.5 Gy (green), and 50Gy (dark blue) isodose lines nearly exclude the shoulder OAR (orange contour), and a small portion of the shoulder OAR receives 20 Gy (yellow). In contrast, the 20–47.5 Gy isodose lines extend far posteriorly to include the shoulder OAR with 3DCRT (C). In (B), the 40–50 Gy isodose lines exclude the majority of the back OAR (green contour), but there are projections of the 30 and 20 Gy isodose lines that cover a significant portion of the back OAR compared to the 3DCRT patient (D).



Next, we aimed to describe the late (≥6 month) shoulder/arm morbidity in patients using a patient-reported outcome measure. We reviewed each eligible patient’s electronic medical record (EMR) to determine whether the patient had completed a q-DASH questionnaire during their disease course. The q-DASH is performed only in patients that had documented visits with physical therapy (PT) in our institution and is entered into the EMR. The q-DASH contains 11 items, scored on a 0–5 scale, and at least 10 of the 11 items must be completed for a score to be calculated. The scores are summed and averaged and the converted to a 100-point scale by subtracting 1 from the average and multiplying by 25:

 

The time point at which PT assessments were done were collected for each patient and categorized as: pre-surgery, post-surgery/pre-radiation, and/or post-radiation. Pre-surgery PT assessments were routine to establish baseline measurements. Post-surgery/pre-radiation and post-radiation PT assessments were not routine and were based on referrals for lymphedema and/or decreased range of motion. We recorded the q-DASH if it had been completed ≥6 months from the end of RNI. Differences in patient characteristics between those that completed the q-DASH and those that did not were compared using a t-test (continuous variables) or chi-square test (categorical variables). Summary statistics were used to describe the q-DASH scores. We used a t-test to compare the q-DASH in patients treated with 3DCRT versus IMRT. All statistical analyses were performed using SAS version 9.4 (Carey, NC).




Results


Patient Characteristics

From 1/2013 to 12/2018, 459 patients received RNI. Of these, 49 were excluded: 20 (recurrent disease); 17 (SCL or axillary nodal boost); 5 (hypofractionated radiation or re-irradiation); 4 (bilateral RNI); 3 (simultaneous distant metastases). The remaining 410 patients met the study criteria with characteristics summarized in Table 1. The majority of patients had stage III disease (54%) and underwent mastectomy (72%). Most patients (83%) had an axillary lymph node dissection with a mean of 18.7 nodes (SD=11.2) removed. Overall, 90% of patients received chemotherapy and nearly all ER+ or PR+ patients received endocrine therapy (99%). In terms of treatment technique, 35% (N=145) of patients were treated with IMRT and the remaining 65% (N=265) were treated with 3DCRT. Table 1 demonstrates that patients treated with IMRT had a significantly higher mean age (55.1 vs. 52.1 years, p=0.01), were more likely to have left sided disease (57 vs. 46%, p=0.02), and were more likely to receive a mastectomy scar boost (57% vs. 42%, p=0.01) compared to patients treated with 3DCRT. The rest of the baseline characteristics were similar between the two groups.


Table 1 | Patient characteristics by treatment technique (intensity modulated radiation therapy versus 3D conformal radiation therapy).





Radiation Dose to the Shoulder and Back

Table 2 summarizes the volume of shoulder OAR, back OAR, and shoulder+back OAR that received 5–50 Gy in the IMRT and 3DCRT patients. IMRT resulted in a significantly reduced volume of shoulder OAR exposed to moderate and high doses of radiation therapy (V20–V50 Gy). IMRT also resulted in a lower volume of back OAR receiving 40–50 Gy and a non-significant decrease in back OAR volume receiving 30 Gy. The V5–10 of the shoulder and back OAR were significantly higher with IMRT and the V20 of the back OAR was also higher with IMRT. When examining the combined shoulder+back OAR, V20–V50 were all significantly lower in IMRT patients.


Table 2 | Absolute volume of shoulder, back, and shoulder+back receiving radiation by treatment technique.



In order to take into account the fact that the volume of the shoulder OAR and/or back OAR may vary from patient to patient based on individual anatomy and on the superior/inferior extent of the SCL PTV, we also examined the relative volume of the shoulder OAR, back OAR, and shoulder+back OAR receiving 5–50 Gy. Table 3 shows that the relative volume of shoulder OAR receiving 20–50 Gy was significantly lower in patients that received IMRT. For example, the mean (standard deviation) V30 was 15.3% (9.5%) in patients treated with IMRT compared to 37.1% (8.1%) in patients treated with 3DCRT. Similar to the results seen when measured in absolute volume, the relative V40–V50 of the back OAR were lower in patients treated with IMRT compared to 3DCRT. The relative V5–V10 of all structures were significantly higher in patients that received IMRT compared to 3DCRT.


Table 3 | Relative volume of shoulder, back and shoulder+back receiving radiation by treatment technique.





Objective Measures of Shoulder/Arm Function And Patient Reported Outcomes Using the Quick DASH

PT evaluations were performed in about 50% of patients prior to surgery, 70% post-surgery prior to the start of RNI, and 60% post-RNI (Table 1). Only 25% of patients had a PT assessment at all three time points and 12% of patients had no PT assessment at any time point. Patients treated with IMRT were more likely to have a pre-radiation PT assessment compared to patients treated with 3DCRT (75 vs. 66%, p=0.05), but there was no significant difference in the rate of post-radiation PT assessments by treatment technique (58% IMRT vs. 59% 3DCRT, p=0.80).

The incidence of post-RNI lymphedema and decreased range of motion, as confirmed by physical therapy evaluation, were 36.8 and 33.4%, respectively. There was no significant difference in lymphedema by type of RNI (42.1% IMRT vs. 34.0% 3DCRT, p=0.10). Similarly, the rates of decreased range of motion were similar by type of RNI (34.5% IMRT vs. 32.8% 3DCRT, p=0.73).

Of the 410 patients, 82 (20%) completed the q-DASH≥6 months post-RNI as part of an evaluation in PT. These 82 patients were referred to PT post-treatment for lymphedema (59%), decreased range of motion (27%), both lymphedema and range of motion problems (8%), or other reasons (6%). The median time of q-DASH completion was 13 months (IQR, 9–22 months) post-RNI. Overall, 39 patients (48%) completed the q-DASH from 6 months to 1 year post-RNI, 28 patients (34%) completed it between 1 and 2 years post-RNI, and the remaining 15 patients (18%) completed it >2 years post-RNI. Table 4 demonstrates that patients with a q-DASH were more likely to have undergone mastectomy (82 vs. 70%, p=0.04) and had a trend toward higher rates of ALND (90 vs. 81%, p=0.06) compared to those that did not have a q-DASH. In addition, q-DASH patients were more likely to have received a PT assessment at each time point compared to patients without a q-DASH (Table 4). Breast cancer subtype was unevenly distributed between the groups with fewer (ER+ or PR+)/HER2− patients in the q-DASH group (p=0.01). However, the median number of axillary nodes removed was similar between the groups and there were no other differences in patient or treatment characteristics that could impact shoulder morbidity (age, use of systemic therapy, radiation technique, radiation boost).


Table 4 | Patient characteristics in patients that completed the quick disabilities of the arm, shoulder, and hand (DASH) questionnaire compared to those patients that did not complete a quick-DASH.



Amongst the 82 patients that completed the q-DASH, the mean score (SD) was 25.4 (19.1) and median (IQR) was 20.7 (9.1–38.6). The q-DASH scores in patients treated with mastectomy (N=67) were mean 25.4 (18.6) and median 20.8 (9.1–38.6) while the mean score was 25.5 (22.2) and median 20.5 (4.5–47.7) in the 15 patients treated with lumpectomy. There were 58 patients treated with 3DCRT and 24 patients treated with IMRT. Similar to the entire cohort of patients, the relative or absolute shoulder V20–V50 were significantly lower in patients treated with IMRT compared to those that received 3DCRT (Table 5). The mean q-DASH scores tended to be lower in patients treated with IMRT compared to 3DCRT at 19.6 (16.4) vs. 27.8 (19.8), p=0.078.


Table 5 | Volume of shoulder organ-at-risk (OAR) receiving moderate to high-dose radiation by type of radiation therapy in patients with quick disabilities of the arm, shoulder, and hand (DASH) scores.



Last, we performed an additional exploratory analysis in the 24 patients that had both pre-radiation and post-radiation q-DASH assessments. Of these 24 patients, 13 were treated with 3DCRT and 11 with IMRT. The q-DASH score increased in 85% of the 3DCRT patients compared to 64% of the IMRT patients (p=0.24). The mean change in the q-DASH was +2.2 (SD +25) in IMRT patients and +12.6 (SD +14.4) in the 3DCRT patients (p=0.21).




Discussion

In this study, we found that IMRT significantly reduces the volume of shoulder OAR receiving moderate and high dose radiation (V20–V50 Gy) compared to patients treated with 3DCRT, consistent with our primary hypothesis. This reduction in volume of shoulder exposed to moderate/high-dose radiation occurred without a specific planning objective placed on the shoulder OAR structure during IMRT optimization. Next, we found that in patients that had a q-DASH score obtained at least 6 months from the end of radiation, shoulder morbidity as measured by the q-DASH tended to be lower in the patients that received IMRT compared to those that received 3DCRT, although this was not statistically significant. To our knowledge, this is the first study to comprehensively evaluate radiation dose to the shoulder and back by treatment technique (IMRT vs. 3DCRT) and to examine the impact of treatment technique on patient-reported shoulder morbidity.

The relationship between radiation dose to the shoulder and morbidity is poorly understood. Johansen et al. used the Kwan’s Arm Problem Scale (KAPS) to assess arm/shoulder morbidity and found that the volume of shoulder receiving 15 Gy was associated with higher (worse) KAPS score and a shoulder abduction difference of ≥25 degrees (24). Lipps et al. performed robot-assisted biomechanical measures of shoulder stiffness in nine patients that received RNI using 3DCRT and found no significant difference in shoulder stiffness when compared to 9 patients that received whole breast-only 3DCRT or nine health controls (26). However, there was a significant correlation between radiation dose ≥40 Gy to the pectoralis major muscle and increased stiffness of the muscle (measured by ultrasound shockwave elastography) in both the sternocostal and clavicular fiber regions. While the authors reason that RNI patients develop compensatory mechanisms in other shoulder muscles to stabilize the shoulder joint, the study may have been too small to detect significant differences in the specific biomechanical assessments of the shoulder joint. No other studies have evaluated radiation dose to the shoulder and correlated with functional and/or patient-reported outcomes.

In addition to lack of a uniform shoulder OAR definition, progress in understanding and reducing RNI-related shoulder morbidity has been delayed due to the lack of a consistent measure to assess shoulder function. With respect to objective measures of shoulder and arm morbidity, we found that a relatively high proportion (>30%) of our patient population were treated by physical therapy for lymphedema and/or decreased range of motion of the ipsilateral shoulder post-RNI. There was no difference in rates of these morbidities by treatment technique. One of the weaknesses of using these objective measures is that we cannot adequately capture the severity of the impaired range of motion or lymphedema because these morbidities were not graded according to standard tools used in oncology such as the Common Terminology Criteria for Adverse Events (CTCAE). However, the CTCAE grades lymphedema without respect to absolute or relative changes in limb volume and in such a way that it would still be difficult to quantify subtle differences in severity between patients (grade 1: trace thickening or faint discoloration; grade 2: marked discoloration OR leathery skin texture OR papillary formation OR limiting instrumental activities of daily living; grade 3: severe symptoms OR limiting self-care activities of daily living). Similarly, the CTCAE criteria for joint range of motion (grade 1: ≤25% loss of ROM; grade 2: >25–50% decrease in ROM OR limiting instrumental ADL; grade 3: >50% decrease in ROM OR limiting self-care ADL) does not effectively capture the complexity of all the movements in the shoulder joint such and potentially misses the impact on patient quality of life and function.

As an alternative to purely objective measures, large, randomized trials have also used different patient-reported outcomes tools to assess shoulder morbidity (13, 27). Therefore, in addition to quantifying radiation dose to the shoulder OAR in this study, we also evaluated shoulder morbidity in patients using a simplified version of the DASH (quick DASH), a tool that is now recommended to be used routinely to assess shoulder morbidity in breast cancer patients (17). Prior studies have shown that DASH scores may be has high as 19 after mastectomy with adjuvant RT (5) or as low as 10 in mastectomy without RT (28), and there are no studies of DASH scores in women that have undergone lumpectomy+RNI. Our study is therefore the first to characterize these scores in RNI patients and by treatment technique. We found that RNI patients had a mean q-DASH score>25 at least 6 months post-radiation, indicating significant shoulder morbidity. However, these scores should be interpreted with caution as all of these scores were obtained in patients that had been referred to PT post-RNI with 94% experiencing lymphedema and/or arm/shoulder problems. As such, we would expect that these q-DASH scores are higher (indicating more morbidity) than those of the rest of our study population. Despite this, we felt it worthwhile to report the q-DASH scores since there are few existing data in the literature. In addition, even in patients experiencing symptoms that prompted PT referrals, we saw a trend toward lower scores in the patients treated with IMRT compared to those treated with 3DCRT. In the smaller subset of 24 patients that had pre-radiation and post-radiation q-DASH scores, we also saw numerically smaller changes in q-DASH scores and a smaller proportion of patients that had worsening of q-DASH scores with IMRT compared to 3DCRT. These data remain hypothesis generating and need to be measured consistently and prospectively pre-radiation and post-radiation in order to determine if IMRT use can lessen the impact of RNI on shoulder morbidity.

The current study also underscores the importance of baseline (pre-surgical) PT evaluations and ongoing PT evaluations in order to improve our understanding of the impact of radiation and surgery on shoulder morbidity. Fewer than 50% of patients underwent a pre-surgical PT assessment, and only 25% of patients underwent PT evaluation prior to surgery, prior to radiation, and post-radiation. In addition, >10% of patients did not undergo any PT evaluation. Therefore, we are likely not accurately capturing shoulder/arm morbidity rates and without pre-surgical baseline assessments, we would not be able to determine if an identified morbidity is related to treatment. Similar to the lymphedema screening program at the Massachusetts General Hospital that stresses the importance of baseline measurements and ongoing evaluations for lymphedema (29, 30), the same principles should apply for the screening, early detection, and treatment of shoulder morbidity.

Due to the retrospective nature, our study has several limitations. First, only 20% of patients had a q-DASH performed and not all of these patients had a q-DASH prior to surgery. In addition, the small sample size of patients that completed the q-DASH may have limited the power to detect a significant difference between IMRT and 3DCRT patients, though the trend in favor of IMRT was strong. Due to the retrospective nature, quantitative assessments of shoulder function were not routinely performed in all patients. While we demonstrated that IMRT use resulted in less absolute and relative volume of shoulder OAR exposed to 20–50 Gy, it is possible that changes to the pectoralis muscles from surgery and radiation have a more significant impact on shoulder and arm function such that IMRT use would not necessarily result in a clinically meaningful reduction in shoulder morbidity over time. In addition, radiation dose to the latissimus dorsi (and other structures predominantly located in the back OAR) may have significantly impact shoulder/arm morbidity, and IMRT use has a more modest improvement in reduction of volume of back OAR receiving moderate/high-dose radiation compared to 3DCRT. Last, while it is hypothesized that the moderate and especially high doses (V40–V50 Gy) have a more significant impact on shoulder/arm morbidity, it is possible that the excessive volume of shoulder OAR and back OAR exposed to 5–10 Gy with IMRT may contribute to long-term shoulder/arm morbidity.

In summary, we have demonstrated that compared to 3DCRT, IMRT use results in a significant reduction in the relative and absolute volume of shoulder receiving 20–50 Gy in breast cancer patients receiving RNI. In the subset of 82 patients that completed a q-DASH>6 months from the end of RNI, 94% of which were experiencing arm/shoulder symptoms, patients with IMRT had numerically lower scores, indicating less severe shoulder morbidity. This hypothesis-generating study suggests that the IMRT technique may be an intervention to help reduce long-term shoulder morbidity in patients receiving RNI. These data support prospective evaluation of shoulder/arm function after RNI by radiation treatment technique using both patient-reported outcomes and quantitative functional assessments, which is currently underway (31).
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