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Abstract: Purpose: The purpose of this study was to evaluate the dosimetric impact of multiple channels
compared to a single channel in high dose rate (HDR) vaginal cuff brachytherapy (VCBT). Methods and
materials: Sample plans of HDR VCBT from both single and multiple channel cylinders at 2.5, 3.0 and 3.5 cm
in diameter were created and analyzed. The doses were prescribed either at the 0.5 cm depth with 5.5 Gy for 4
fractions or at the cylinder surface with 8.8 Gy for 4 fractions, in various treatment lengths ranging from 3 to 8
cm. A 0.5 cm ring target volume called PTV_Eval was contoured for each plan and served as the target volume
for dosimetric evaluation. Mean doses and the doses covering 90% (D90), 10% (D10), and 5% (D5) of PTV_Eval
were calculated and compared. The same treatment lengths, same prescription regimens, same target volume
contouring and same plan evaluation methods were repeated for the similar size single channel and multiple
channel cylinders. Results: The mean doses of both regimens with the multi-channel cases (6.3 to 7.1 Gy) were
comparable to single channel ones (6.4 and 7.5 Gy). The ranges of D90, D10 and D5 were from 3.654 to 5.04 Gy,
8.44 to 10.08 Gy and 8.84 to 10.86 Gy in the multi-channel cases, but from 5.36 to 5.76 Gy, 7.40 to 9.97 Gy and
8.16 to 11.93 Gy in the single channel cases, respectively. Conclusion: The single channel and multiple-channel
cylinder deliver a similar mean dose, but with marked heterogeneity in D90, D5 and D10 for the same
prescription dose and target volume. Multi-channel cylinders adequately cover the target volume, but given
the heterogeneity, increased treatment time and cost are best suited for asymmetric target volumes.

Keywords: high dose rate brachytherapy; vaginal cuff brachytherapy; single channel cylinder;
multiple channel cylinder; endometrial cancer

1. Introduction

The efficacy of intracavitary high dose rate (HDR) brachytherapy in post-operative endometrial
cancer has been established for decades.'® Clinical data indicates that HDR vaginal cuff
brachytherapy (VCBT) not only provides a large curable dose to an endometrial lesion, but also
reduces the risk of recurrence in the vagina and causes significantly less toxicity than pelvic external-
beam radiation therapy ¢7. Although a single channel cylinder (S-cylinder) HDR VCBT is still the
standard for early-stage endometrial cancers in most radiation oncology clinics, the multiple-channel
cylinder (M-cylinder) HDR VCBT is gaining popularity, due to its improved versability in certain
clinical scenarios.®° By utilizing multiple source positions in closer proximity to the target, M-
cylinder HDR VCBT allows dose to be preferentially delivered to specific portions of the vagina.!12
This can translate into advantages compared to S-cylinder HDR VCBT as the non-cylindrical target
can be more adequately covered while simultaneously decreasing dose to OAR.%!3 After all, the M-
cylinder HDR VCBT is still simple, convenient and effective, additional features, such as the MRI
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compatibility and peripheral multichannel structure, make M-HDR applicators beneficial for non-
cylindrical dose distribution delivery for asymmetrical tumor targets.10.14-16

Although some dosimetric studies comparing S- and M-cylinders have been performed,'¢ a
direct comparison between the 3D doses respectively delivered by a S- and M-cylinder to the same
cylindrical target volume particularly for VCBT, has not been fully conducted. Modern trends in
radiation delivery (e.g., IMRT and radiosurgery) use more beam angles in an effort to achieve
homogeneous and highly conformal dose distributions with steep gradients outside the target
volume. Doses received in the target volume are likely be different when using different types of
cylinder applicators, it is important to know how added brachytherapy dwelling channels and points
will affect dosimetry in a cylindrical target volume. For an M-cylinder applicator, those additional
channels are located at the peripheral region of cylinder body and closer to the surface than the central
channel. Because the multiple channels were placed at the locations closer to the target than the
central channel of S-cylinder, the M-cylinder may be able to provide a different dose distribution to
the cylindrical shell-like target volume, if the multiple peripheral channels were employed instead of
single central channel for the HDRVCBT. The purpose of this study is to evaluate the dosimetric
impact of multiple peripheral channels compared with a single channel in HDR VCBT using a
cylindrical shell target volume.
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Figure 1. Schematic cross-sectional views of single channel (a) and multiple channel (b) cylinder
applicators for HDR VCBT procedure.

2. Materials and Methods

In this study, a series of HDR VCBT plans were generated by a treatment planning system (TPS)
(Oncentra version 3.5, Elekta AB, Stockholm, Sweden) from a list of sample CT images with various
sizes of single and multiple channel cylinder applicators. Per our clinical guidelines, two different
fractionation regimens were planned for HDR VCBT: 1) 5.5 Gy prescribed to 0.5 cm depth delivered
for 4 fractions, referred to as the 5-mm regimen; and 2) 8.8 Gy prescribed to the surface of the cylinder
delivered for 4 fractions, referred to as the surface regimen hereafter. The treatment regimens were
selected from the ABS (American Brachytherapy Society) recommendations, 17 their equivalency was
evaluated in a recent study.'® The evaluation target volume was a 0.5 cm ring surrounding the
cylinder with different treatment lengths, named PTV_Eval. The rationale for using this target
volume was based upon data,’ that approximately 95% of vaginal lymphatic channels (a potential
surrogate for cancer cell location) are located within a 0.3 cm depth from the vaginal surface and that
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the density of lymphatic channels decreases with the depth. Thus, a depth of 5 mm is thought to be
adequate to cover the majority of potential microscopic disease.

2.1. S-HDR VCBT Plans

An HDR unit with an *?Ir source was used for HDR VCBT. A brachytherapy treatment planning
system (TPS) (Oncentra, version 3.5, Elekta) was used to create HDR VCBT plans utilizing single
channel cylinders (S-cylinder) (Nucletron, Elekta AB, Stockholm, Sweden) with a range of diameters
(2.5,3.0, 3.5 cm).

Sample CT images with various S-cylinder applicator sizes were scanned in 2-mm slices and
used to make CT image-guided HDR VCBT plans. To determine the dwell positions of the source,
the central thin tube of the cylinder applicator was first tracked in the TPS “Catheter Construction”
workspace starting from the tip/edge of white bar and extended until 10 cm long, in the coronal or
sagittal view with the “start from tip-end” tracking option. For the cylinder applicators involved in
this study, the tip of the central tube is the tip of the applicator head. A tip space, the distance from
the tip of the applicator to the first source dwell position (-6 mm) was experimentally determined
and entered in the catheter construction. All other dwell positions were laid out after the first position
with the 0.5 cm step size. A 5-cm treatment length, for example, had 11 dwell points (Figure 1).

In this study, the HDR VCBT plans were generated as follows. A set of reference points were
created at the prescription depth at each source dwell position. These “axis points” were used to
normalize the prescription dose, then a “distance optimization” method offered by the TPS was
further applied. The method of the axis points plus distance optimization was used simply because
this method is simple and can be easily adopted by other brachytherapy TPS. The most proximal
dwell point was not used to create a corresponding reference point, to avoid excessive extension of
the prescription isodose line. The planning method of this study was the same as that used in other
studies. 618 By analyzing the dose volume histograms (DVH) of target, the mean doses (D-mean) and
the doses covering 90% (D90), 10% (D10), and 5% (D5) of PTV_Eval of S5-Cylinder HDR VCBT and
M-Cylinder HDR VCBT plans were calculated and compared.

2.2. M-cylinder HDR VCBT plans

In the same manner as the S-cylinder, sample plans of HDR VCBT in a list of M-cylinders at 2.5,
3.0 and 3.5 cm in diameter were created and analyzed. For a fair comparison, the doses were still
prescribed either at the 0.5 cm depth with 5.5 Gy for 4 fractions or at the cylinder surface with 8.8 Gy
for 4 fractions, at the treatment lengths of 3, 4, 5, 6 and 8 cm. A 0.5 cm depth ring volume (PTV_Eval)
(Figure 1) for each treatment length was contoured and served as the target volume for dosimetric
evaluation. To determine the dwell positions of the source in all channels, all the peripheral channels
of M-cylinder were tracked in the TPS “Catheter Construction” workspace starting from the tip/edge
of black tip and extended until 10 cm long, in the coronal or sagittal view with the “start from tip-
end” tracking option. The central channel was tracked and used as a surrogate for creating four sets
(-X, +X; -Y, +Y) of reference points for each prescription regimen since the distance from the central
channel to the prescription depth is known, although the central channel was set as zero dowelling
time. The central channel was not used for delivering any radiation, as we wanted to examine the
impact of all peripheral channels. Our tests indicated that the involvement of central channel would
compromise the impact of peripheral channels in the symmetrical cylindrical tumor target volume,
although in a real M-cylinder case in which an asymmetrical tumor target was treated and the central
channel was usually employed. The central channel has a -6 mm tip space, all peripheral channels
have a -3 mm tip space. These reference points were used to normalize the prescription dose. All
peripheral dwell points within the treatment length except for the last (most proximal) points of all
channels were set active and assigned with the same weighting factor. Same as the S-cylinder, the
last dwell points were not used in the planning for avoiding excessive extension of prescription
isodose line. The isodose lines were further shaped with the distance optimization method.
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Figure 2. The Schematic diagrams of cross-sectional view of M-cylinders and their channel mapping.
Figure 2, M-Cylinders for 2.5, 3 and 3.5 cm with position of peripheral channels.

3. Results

3.1. Mean doses of HDR VCBT with S-cylinders and M-cylinders

Tables 1 and 2 list the mean doses of different diameters and treatment lengths for the M- and
S-cylinder HDR VCBTs, respectively for both regimens. Results demonstrate both types of cylinders
produced very similar mean doses for both regimens.

Table 1. Mean doses of multiple and single channel cylinder HDR VCBT for each treatment length
and cylinder diameter combination. A prescription dose of 5.5 Gy is given at 0.5 cm depth from the
surface. Unit. Gy.

S-cylinder M-cylinder
Length 3cm 4cm 5ecm 6cm 8cm average 3cm 4cm 5cm 6cm 8 cm  average
Dia (cm) Mean Dose (Gy) Mean Dose (Gy)
25 752 725 7.08 6.96 6.80 7.12 707 691 6.89 6.84 6.74 6.89
3.0 736 716 7.02 693 6.80 7.05 721 706 694 6.89 6.85 6.99
3.5 7.02 682 664 655 643 6.69 693 682 677 674 6.65 6.78

Table 2. Mean doses of multiple and single channel cylinder HDR VCBT for each treatment length
and cylinder diameter combination. A prescription dose of 8.8 Gy is given at surface of cylinder. Unit.

Gy.
S-cylinder M-cylinder
Length 3cm 4cm 5cm 6cm 8cm average 3cm 4cm 5cm 6cm 8cm  average
Dia (cm) Mean Dose (Gy) Mean Dose (Gy)
2.5 682 686 687 6.89 691 6.87 631 659 642 648 6.57 6.47
3.0 717 719 723 726 730 7.23 632 645 649 659 6.69 6.51
3.5 711 717 717 722 722 7.18 6.52 657 674 681 6.88 6.70

The DVHs of all plans were calculated. An example of DVH curve comparison between a similar

size of M- and S-cylinder HDRVCBT is shown in Figure 3. It shows that an S-cylinder’s DVH curve
drops faster than an M-cylinder, so a S-cylinder HDR VCBT produces more uniform dose than a M-
cylinder HDRVCBT. This is because a M-cylinder’s source dwell positions are closer to the target
surface than a S-cylinder’s, therefore the Ir-192 source’s steep radial dose function at the short
distance 2 makes the dose distribution of PTV_Eval more heterogeneous.
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Figure 3. Comparison of the HDRVCBT DVH curves of PTV_Eval between a similar size M-cylinder
and a S-cylinder applicators. The diameter is 3 cm for both cylinders, the treatment length was 5.0 cm.
A 3-cm M-cylinder has 8 peripheral channels, while a 3-cm S-cylinder has only one central channel.

3.2. Doses covering 90%, 10 and 5% of target volume

Table 3 lists the doses covering 90% of target volume (D90s) of both types of cylinders with
different diameters and treatment lengths. For both the S- and M-cylinders, the dose covering 90% of
volume is independent of treatment length; but a smaller diameter will deliver a smaller dose for
covering 90% of target volume in the surface prescription regimen; by decreasing the diameter from
3.5 to 2.5 cm, the dose will drop by 9% and 30% respectively for a S- and M-cylinder. However, in the
0.5 cm depth regimen, S-cylinder will give the same D90 regardless of its diameter and length, but a
M-cylinder will produce a smaller D90 for a smaller diameter, a 23% dose drop when the diameter is
decreased from 3.5 to 2.5 cm.

Table 3. D90 of M- and S-cylinder HDR VCBTs for the different diameters and treatment lengths.
Unit: Gy.

S-cylinder M-cylinder
Length 3cm 4cm 5cm 6cm 8cm average 3cm 4cm 5cm 6cm 8cm average
Dia (cm) 5.5 Gy of the prescription dose given at the 5 mm depth from the cylinder surface
2.5 553 551 550 549 549 550 400 387 385 384 390 3.89
3.0 563 563 564 564 563 563 491 478 468 4.63 461 @ 4.72
3.5 558 555 544 544 544 549 504 488 479 474 466  4.82
Dia (cm) 8.8 Gy of the prescription dose given at the surface of cylinder.
2.5 536 549 559 566 576 557 356 3.69 359 365 379  3.66
3.0 573 585 596 6.05 616 595 429 436 437 441 451 4.39



https://doi.org/10.20944/preprints202305.1397.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 May 2023 do0i:10.20944/preprints202305.1397.v1

3.5 572 593 6.00 611 6.19 5.99 474 469 476 479 482 4.76

Tables 4 and 5 listed the doses covering 10% and 5% of target volume (D10s and D5s)
respectively. These dose metrics are from the DVH curve high dose tails, they represent the high
doses received by a significant percentage (10% and 5%) of target volume. D10 and D5 were found
slightly decrease (<10%) with the increase of diameter (from 2.5 to 3 cm) and treatment length (from
3 to 8 cm) for both types of cylinders. For the same diameter of cylinder and treatment length, the
D10 and D5 of M-cylinder are smaller than that of S-cylinder in the 5 mm regimen, but greater in the
surface regimen.

Table 4. D10 of M- and S-cylinder HDR VCBTs for the different diameters and treatment lengths.

Unit: Gy.
S-cylinder M-cylinder
Length 3cm 4cm 5cm 6cm 8cm average 3cm 4cm 5cm 6cm 8cm average
Dia (cm) 5.5 Gy of the prescription dose is given at the 5 mm depth from the cylinder surface

25 997 928 876 844 801 889 10.08 973 958 938 9.06 9.57

3.0 911 864 834 814 791 843 9.68 942 921 9.08 891 9.26

3.5 843 813 787 765 74 7.90 9.02 883 873 864 844 8.73
Dia (cm) 8.8 Gy of the prescription dose is given at the surface of cylinder

25 854 838 828 824 819 833 9.00 929 893 891 883  8.99

3.0 882 871 864 859 856 8.67 849 862 861 868 871  8.62

3.5 872 853 843 837 831 847 850 851 8.69 874 874 8.64

Table 5. D5 of M- and S-cylinder HDR VCBTs for the different diameters and treatment lengths. Unit:

Gy.
S-cylinder M-cylinder
Length 3cm 4cm 5cm 6cm 8cm average 3cm 4cm 5cm 6cm 8cm average
Dia (cm) 5.5 Gy of the prescription dose is given at the 5 mm depth from the cylinder surface

2.5 1193 11.13 10.53 10.05 9.32 1059 10.86 10.39 10.18 9.93 955 10.18
3.0cm 10.88 10.18 949 9.11 864 9.66 1034 10.04 9.77 9.61 938 9.83
35cm 984 92 894 86 816 895 956 932 919 9.08 884 9.20

Dia (cm) 8.8 Gy of the prescription dose is given at the surface of cylinder
25cm 941 924 897 88 860 9.00 969 952 949 944 930 9.49
30cm 951 926 912 8997 893 916 907 918 914 919 917 9.15
35cm 948 923 9.05 891 866 9.07 901 898 915 9.18 9.15 9.09

4. Discussion

The mean doses of S-cylinder and M-cylinder HDR VCBT indicated that, the prescription of 5.5
Gy at the depth of 5 mm is equivalent to the prescription of 8.8 Gy at the cylinder surface. (Table 1
and 2). The dosimetric isoeffects of two prescription regimens in M-cylinder HDR VCBT were further
indicated in Table 3, 4 and 5 on the dose metrics through D90, D10 and D5. In the S-cylinder HDR
VCBT, the metrics of D90, D10 and D5 generated from 5.5 Gy prescribed at the 5 mm depth are same
as the prescription of 8.8 Gy prescribed at the cylinder surface, as indicated in the literature.”'8 Our
study indicated that this is also true for the M-cylinder HDR VCBT, as shown in Table 3,4 and 5. That
implies that the M-cylinder HDR VCBT can utilize the clinical experience gained from the S-cylinder
HDR VCBT when the cylindrical target volume is treated.

At present a classical radiation therapy usually strives for a uniform dose delivery. For a non-
uniform dose treatment, a ratio of D10/D90 or D5/D95 is used to indicate heterogeneity.2"22 D10/D90
is 1.96 for a 3-cm M-cylinder and 1.50 for a similar diameter S-cylinder. This indicates that, for treating
a cylindrical shell target volume, the added extra peripheral channels do not contribute to the
increased dose uniformity. On the contrary, the dose of PTV_Eval tends to become more
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heterogeneous, when the treatment is switched from a S-cylinder to a M-cylinder. This is because the
source locations of the peripheral channels of a M-cylinder are closer to the target surface than that
of the S-cylinder, the Ir-192 source has a steeper radial dose function at the short distance than at a
lager distance (>1 cm), this resulted in the delivered dose with many peaks and valleys through a M-
cylinder, thus demonstrated a more heterogeneous dose distribution.

Although the multiple channels did not generate an increased dose uniformity, but the impact
of cylinder size of M-cylinder is slightly less than the S-cylinder. A 0.5 cm variation of diameter will
result in just a 2% change of D-mean in the M-cylinders, comparing 4 % in the S-cylinders.

5. Conclusions

Our study indicated that, (a) Both S- and M-cylinders had similar mean doses with both the surface and
5 mm depth prescription regimens across all treatment length combinations; (b) S-cylinder HDR VCBT plans are
simpler and less heterogeneous; (c) M-cylinder HDR VCBT although is more heterogenous and can still
adequately cover the symmetric target volume but is best suited for asymmetric volumes.
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