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Background

 RT for Rectal Cancer
 Anatomical considerations and challenges
 Vaginal side effects following RT
 Sexual Dysfunction: treatment and management
 Vaginal sparing: What is being done?
 Previous studies



Rectum Anatomy

Lu, J., & Brady, Luther W. (2010). Decision Making in Radiation Oncology
(Medical Radiology Radiation Oncology). Dordrecht: Springer.



Rectal Cancer

Lu, J., & Brady, Luther W. (2010). Decision Making in Radiation Oncology (Medical Radiology 
Radiation Oncology). Dordrecht: Springer.



Rectal Cancer

 3D Conformal RT

Lu, J., & Brady, Luther W. (2010). Decision Making in Radiation Oncology (Medical Radiology Radiation Oncology). 
Dordrecht: Springer.



Rectal Cancer IMRT 

 Improved target coverage, homogeneity, and conformality, while 
lowering dose to adjacent organs-at-risk.

 The use of preoperative IMRT–IGRT with a SIB resulted in a high 5-
year LC rate and non-negligible late toxicity



VMAT

 MLCs moving continuously as gantry rotates
 Delivering a sculpted, tightly-focused beam of radiation directly to a 

tumor in less than two minutes.

Varian Medical Systems ®



Female Pelvic Anatomy

Morton, D., Albertine, Kurt H., & Foreman, K. Bo. (2011). The big picture gross 
anatomy (McGraw-Hill's AccessMedicine). New York, N.Y.: McGraw Hill Medical.



Vaginal Side Effects

 Sexual Dysfunction
 Dyspareunia
 Dryness
 Stenosis



Management Techniques

 Dilators
 Pelvic Floor Muscle training
 Lubricants
 Moisturizers
 Estrogen



Vaginal Dilators

 includes the use of dilators, sexual 
intercourse, vibrators, fingers, or similar 
shaped devices

 commenced 2-8 weeks post radiotherapy, 
 Risk of rectovaginal fistulae and 

psychological consequences
 Non-consistent education and compliance



Vaginal sparing: what is being 
done?

NOTHING! Why?
 Doesn't effect all people with rectal cancer
 Older women are less interested in sex
 Vagina is difficult to contour
 Not previously possible with 3DCRT
 Lack of literature
 Uncomfortable subject to talk about.



Vaginal sparing: what is being 
done?

 As vaginal mean dose increases, vaginal stenosis increases.
 Severe vaginal stenosis is significantly reduced at mean doses <43Gy



Study Objectives

 To investigate whether VMAT treatment plans with, and without, 
vaginal sparing could significantly reduce the volume of the vagina 
that receives 20Gy (V20Gy), 30, 40, 45, or 50Gy when targeting 
rectal cancer tumours. 

 Determine whether the maximum dose delivered, and the mean 
dose delivered are significantly different between the two treatment 
plans.



Methods

 Sample Size = 10 patients (Retrospective)
 Inclusion:
1) Diagnosed  locally advanced rectal cancer
2) Stage T3, N1-2, MX/MO (Lower 1/3)
3) Recent pre-op MRI available for delineating the vagina
4) pre-operative 3DCRT At CancerCare Manitoba
5) 45G/25 FXs to the primary disease and lymph nodes, Boost 5.4Gy/3 

FXs
6) simulated supine with full bladder and knee rest.



Contouring

 Vagina contoured by single physician
 Pre-op MRI used for delineating vagina
 Target volumes and OARs contoured as per RTOG Anorectal Atlas 



Contouring



Contouring



VMAT

 Two 360° coplanar arcs 
 6 MV
 Eclipse® V11 planning software(Varian Medical Systems)
 Rapid Arc® (VMAT)
 2 phases 45GY/25 FXs, 5.4Gy/3FXs



Optimization

 Target coverage: D100% = 95% Rx, Dmax <107%
 OARs: Bladder, small bowel, femoral heads

2VMAT Plans
1) VMAT plan (normal)
 Goals: Target coverage, OARs ALARA

2) VMAT with vagina objective
 Goals: decrease vagina dose without compromising target 

coverage and OAR sparing.



Results

 Formal comparisons between the two treatment plans were carried 
using Wilcoxon signed-rank testing

 All data were available for analysis except the V20 and V30Gy 
volumes due to a lack of variability.

 Significant differences, even with the Bonferroni correction, were 
observed for the mean and maximum doses delivered, as well as for 
the V50Gy volumes.

 The V45Gy volumes also appeared different between the two 
treatment plans (Table 2) and would normally be considered 
significant at the P-value≤0.05 threshold, but because the threshold 
P-value was adjusted using the Bonferroni correction, it was no 
longer significant.
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Results

Variable Median IQR 90th percentile Minimum Maximum

VMAT

Mean Dose (cGy) 4990.90 71.60 5044.80 4779.20 5048.90

Maximum Dose (cGy) 5255.85 44.40 5314.60 5150.50 5319.40

VMAT with vaginal sparing

Mean Dose (cGy) 4779.50 130.4 4876.00 4654.20 4880.20

Maximum Dose (cGy) 4962.80 65.20 5022.35 4922.3 5025.20

Table 1: Descriptive statistics of mean and maximum doses delivered by each of the VMAT treatment plans.



Results
VMAT VMAT with vaginal sparing

Values Frequency Percent Values Frequency Percent
V20Gy V20Gy
100.00 10 100.00 100.00 10 100.00

V30Gy V30Gy
100.00 10 100.00 100.00 10 100.00

V40Gy V40Gy
99.20 1 10.00 96.90 1 10.00
100.00 9 90.00 99.10 1 10.00

100.00 8 80.00
V45Gy
93.30 1 10.00 V45Gy
95.30 1 10.00 61.50 1 10.00
98.20 1 10.00 74.90 1 10.00
99.80 1 10.00 97.20 1 10.00
100.00 6 60.00 98.20 1 10.00

99.30 1 10.00
V50Gy 99.80 1 10.00
14.00 1 10.00 100.00 4 40.00
36.60 1 10.00
37.30 1 10.00 V50Gy
43.30 1 10.00 0.00 7 70.00
46.90 1 10.00 0.01 1 10.00
48.20 1 10.00 0.03 1 10.00
60.10 1 10.00 0.10 1 10.00
64.50 1 10.00
67.40 1 10.00
68.60 1 10.00

Table 2: Frequency and percent of volumes of the vagina exposed to 20, 30 40, 45 or 50Gy by each of the two VMAT treatment plans.
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DVH Comparison 



Phase 1: 45 Gy



Plan Sum: 50.4 Gy/28Fx



Discussion

 Significance of decreasing the V50Gy, mean and maximum doses
 Contouring
 Vaginal Motion
 Use of a dilator during RT
 IGRTs role in vaginal sparing
 Concerns



reducing the V50Gy, mean, and 
maximum dose

 Does Vaginal Sparing translate to decreased toxicity?



Vaginal Motion



Vagina Contouring

 Image registration issues
 Need to generate consistent guidelines



Dilator during RT



IGRT

 IGRT improvements  Smaller margins  Less vagina in field
 Daily vagina assessment
 Adaptive radiotherapy
 Bladder filling



Concerns

 Potential risk of marginal relapse



Conclusion

 VMAT planning using an objective to spare the vagina can significantly 
reduce the volume of vagina receiving 50Gy, as well as the Dmax and 
Dmean, without compromising target coverage or adjacent organs at risk 
dose constraints.
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