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ABSTRACT

Objective: To document longitudinal symptom, quality-of-life and imaging response in patients with
recurrent gynecological tumors treated with magnetic resonance guided high intensity focused ultra-
sound (MRgHIFU), and compare changes in patients with intra- versus extra-pelvic lesions.

Methods: Eleven symptomatic patients with painful recurrent gynecological tumors were treated with
MRgHIFU (Profound Sonalleve) in a prospective single center study (NCT02714621). Pain scores, anal-
gesic intake and quality-of-life metrics, whole tumor volume, and perfused tumor volume from
Gadolinium-enhanced T1W imaging documented before and up to 90 days after treatment were com-
pared between patients with intra- and extra-pelvic tumors.

Results: Two of five patients with intra-pelvic and three of six patients with extra-pelvic tumors were
classified as responders (>2 point reduction in NRS pain score without analgesia increase or a > 25%
reduction in analgesic use). Cohort reductions in worst pain scores were not significant for either
group. Emotional functioning for the whole cohort improved, although physical functioning did not.
Ablative thermal temperatures were achieved in three patients with extra-pelvic tumors, but in none
whose tumors were intra-pelvic. Pain response did not correlate with thermal dose. Tumor volume
increased by 18% immediately post-treatment in the extra-pelvic but not in the intra-pelvic group.
Ratio of perfused to whole lesion volume decreased by >20% by day 30 in extra-pelvic, but not intra-
pelvic tumors although at day 30 both extra-pelvic and intra-pelvic tumors increased in volume.
Conclusion: MRgHIFU treatments can be delivered safely to patients with recurrent gynecological
tumors. Extra-pelvic tumors responded better than intra-pelvic tumors and showed immediate swelling
and reduction in perfused volume by day 30.
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is applied). This causes protein denaturation and coagulative
necrosis leading to cell damage and death [5]. Outside the
focus, energy deposition is lower, so that pre- and post-focal
tissues are spared thermal or mechanical damage. After an
exposure, heat is dissipated to the surrounding tissues allow-
ing repeated exposures to be carried out over a relatively
short time [6-8]. The thermal dose delivered is measured as
240 equivalent minutes (EM) at 43°C. When undertaken
under magnetic resonance (MR) imaging guidance, it is pos-

Introduction

Recurrent gynecological cancer is associated with significant
morbidity and, if uncontrolled, causes progressive pain and
bleeding [1]. Previously irradiated patients are often unsuit-
able for re-irradiation and their disease extent and location
may exclude them from exenterative surgery. Additionally,
response to systemic therapy is usually poor within the irra-
diated pelvis. Progressive symptoms negatively impact qual-

ity-of-life (QolL) in these patients.

High-intensity focused ultrasound (HIFU) is a precise ther-
mally ablative technique that is increasingly being trialed in
a number of tumor types [2-4]. Using the Sonalleve device
(Profound Medical, Canada) localized areas of high tempera-
ture (50-80°C) are generated during an exposure at a focus
described as a treatment ‘cell’ (unit of tissue to which energy

sible not only to target the HIFU beam geometrically but
also to provide real-time feedback on temperature changes
within the treatment cell and the surrounding tissue, using
MR thermometry [9,10]. MR-guided HIFU (MRgHIFU) is ideal
for use in the previously irradiated pelvis where re-irradiation
is not an option because of potential morbidity to surround-
ing normal tissue.
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Within the pelvis, MRgHIFU is now an established ablative
therapy for symptomatic benign uterine fibroid disease
where it has been shown to be a cost effective and safe
treatment modality compared to surgery [11-14]. After treat-
ment, Gadolinium enhanced T1-weighted (Gd-T1W) imaging
can show non-perfused regions indicative of tissue ablation,
and assess changes in tumor size after treatment [15].
Nevertheless, the feasibility of treating malignant disease
with MRgHIFU, particularly when disease is located at deep
intra-pelvic sites with overlying rectum has not been estab-
lished. The purpose of this study therefore was to establish
the feasibility of treating recurrent gynecological malignancy
with MRgHIFU, to document longitudinal symptom, QoL and
imaging response, and to compare responses between
patients with intra-pelvic (within anatomical pelvis) versus
extra-pelvic lesions.

Materials and methods
Study population

This was a prospective single-center, institutional review
board approved, feasibility study (NCT02714621). Patients
with intra-pelvic and extra-pelvic recurrent gynecological
malignancy unsuitable for other therapies, or who declined
standard treatment, were recruited (January 2018-May 2019).
Participants were symptomatic from their target lesion,
defined as an 11-point Numerical Rating Scale (NRS) pain
score of >4/10 despite analgesia and/or bleeding. All
patients had pain, and two also had bleeding. Patients
received the patient information sheet at least 24 h before
providing written informed consent. They underwent an ini-
tial planning MRI scan in the treatment position on the HIFU
device before treatment to ensure that the lesion was at
least partly accessible to treatment without over-exposing

critical structures (bowel, bladder, bone, nerves, and major
blood vessels).

Patient preparation

For centrally recurrent disease, patients commenced a low
residue diet a week before treatment and self-administered a
micolette® enema for 3 days. On the day of treatment,
patients had the skin over the treatment area depilated to
reduce air trapping. For those with intra-pelvic tumors, a
urinary catheter was inserted and clamped following anes-
thesia, after filling the bladder with 200 ml of sterile 0.9%
normal saline. This improved visualization of the tumor-blad-
der wall interface for centrally recurrent lesions and served
to dissipate heat beyond the HIFU treatment focus. A second
urinary catheter introduced concurrently into the rectum
enabled release of rectal gas. Degassed gel (1:2 ultrasound
gel to de-ionized water) was introduced via a catheter into
the vagina to reduce air in the HIFU beam path (Figure 1).
Bladder and bowel preparation was not required in cases of
previous pelvic exenteration (n=2), popliteal (n=1), or
inguinal node treatments (n=2).

Patient positioning

The planning scan guided patient positioning on the day of
treatment and placed the target lesion as close as possible
to the center of the HIFU window. The supine oblique pos-
ition was used for five patients with intra-pelvic lesions and
three with extra-pelvic lesions; the prone oblique position
was used for three patients with extra-pelvic lesions.

A dampened gel pad (Aquaflex, Parker Laboratories Inc.,
Fairfield, NJ) cut to size was placed between the patients’
skin and the HIFU window to ensure good acoustic contact,
and degassed water was used to enhance acoustic coupling.
In two patients, with skin irregularity overlying the treatment

Figure 1. Patient with central recurrence in position within the MRI scanner with the HIFU device in place. T2-W image at planning study (a) and on day of treat-
ment (b) after bowel and bladder preparation. In b, urinary and rectal catheters (black arrows) are noted in situ. The vagina is filled with degassed gel

(white arrow).



area, a 40mm thick gel pad was custom sculpted to the
patient’'s anatomy to achieve acoustic contact with the
HIFU window.

Treatments were performed with a Profound Sonalleve
device within the bore of a 3T Philips Achieva (Philips
Medical Systems, Best, The Netherlands) under heavy con-
scious sedation (n=4), spinal block with conscious sedation
(h=2), regional nerve block (n=1), or general anesthe-
sia (n=4).

Imaging and image-guided treatment

T1W, T2W, and diffusion-weighted sequences with a field-of-
view (FOV) that covered the entire region-of-interest were
obtained pretreatment. A Dixon sequence was acquired
before and after administration of 0.2 ml/kg gadolinium (Gd)-
contrast agent. Sequence details are given in Supplementary
Table S1. Proton Resonance Frequency Shift (PRFS)-based MR
thermometry indicated the temperature change at and
around the focus. Cells of 4 and 8 mm diameter were used
with those located at the greatest depth delivered first, to
avoid making exposures through already heated regions. The
extent of treatment varied between patients and depended
on the risk of exposure to surrounding structures. To reduce
risk to the skin and subcutaneous tissue, the time allowed
for cooling between each exposure always exceeded the
minimum cooling periods mandated by the
Sonalleve software.

The same MR imaging sequences were acquired at base-
line and at follow-up visits. Gadolinium-enhanced scans were
performed at the screening visit and post-treatment; they
were omitted immediately pretreatment to avoid dissociation
of the gadolinium chelate during heating. Immediately post-
treatment, the T1W Dixon sequences (for registration with
post-contrast images) also were re-acquired and then
repeated following administration of 0.2ml/kg Gd-con-
trast agent.

Data collection

Baseline demographic data and symptom assessment was
done at screening. Symptoms were re-assessed for a week
before treatment, for 30 days after treatment, and at days 60
and 90 post-treatment.

Patients completed diaries (day —7 to day 30) that
detailed pain scores (0-10 scale), analgesic use and blood
loss, (if any, by number of pads required per day). In add-
ition, patients completed three validated questionnaires at
screening, and on days 1, 7, 30, 60, and 90 after treatment.
These were the Brief Pain Inventory short form (BPI), QLQ-
C15-PAL and EQ-5D-5L. The EQ-5D-5L captured overall health
status and the QLQ-C15-PAL assessed QoL more specific-
ally [16-18].

Adverse events (AEs) were classified using Common
Terminology Criteria for Adverse Events (CTCAE) v4.1. They
were further categorized as definitely/probably/possibly/
unlikely device-related (from MRgHIFU), study-related (from
study procedures), or unrelated to treatment.
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Data analysis

The number, diameter, total volume, and location of treat-
ment cells planned for each patient were recorded. The dur-
ation and the power of each sonication were noted; their
product provided the applied acoustic energy of each sonic-
ation. Thermal changes were measured on PRFS by estimat-
ing ablative thermal dose volume, calculated as the product
of 3 orthogonal maximum dimensions of the 240EM at 43 °C
dose contour [19,20]. The sum of ablative thermal dose vol-
umes for all sonications for each patient was V,40em. In add-
ition, the maximum temperature recorded in the tumor
during each sonication was used to calculate the mean max-
imum temperature (Ty) from all sonications for each patient.

As all patients had pain, they were categorized as res-
ponders or non-responders by comparing their baseline NRS
score with their average score for days 28-30. They were
considered to be a responder if they had: (i) an improvement
of >2 points in their reported pain at or after day 30, pro-
vided they had <20% increase in their analgesic use, (ii)
>25% reduction in their analgesic use without change in
their reported pain

TTW images were used to estimate any changes in max-
imum tumor diameter from baseline. Gd-T1W images were
used to measure non-perfused volume (NPV), by drawing
regions-of-interest (ROIs) on the baseline, immediate post-
treatment and day 30/60/90 images. The total NPV was cal-
culated from the product of summed ROl areas and
slice thickness.

Statistical analyses

Analyses were descriptive due to the low number of patients
in this feasibility study. Continuous variables were summar-
ized using mean, standard deviation, median, quartiles,
minima and maxima, and categorical variables using counts
and percentages and Spearman’s non-parametric tests to
assess differences between groups. Safety data were
reported using the number of patients with adverse events
using CTCAE v4.1 grade as assessed by patient reported out-
comes, and clinical review and examination.

Results
Patients and treatments

Thirteen patients were recruited and 11 treatments per-
formed in 10 patients (one patient had the same target pel-
vic lesions treated twice). Table 1 shows patient
demographics and tumor location. Two patients failed
screening: one had no visible macroscopic disease and the
other had a lesion lying deeper than the focal reach of
the device.

Adverse events

There were no anesthesia-related complications. There were
no serious adverse events (SAEs) observed during or immedi-
ately after any of the treatments. The most common
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Table 1. Patient characteristics of those treated.

Time to Prior

Pt (Px) Age Primary Histology Site recurrence recur (years) Symptom Base KPS Prior surgery Prior RT  chemo
1 74 Bartholin gland Adenoid cystic Ischiorectal fossa 19 Pain 60 Exenteration Brachy, EBRT
2 59 Endometrial G2 endometroid AC Left lateral vaginal vault 13 Pain, Bleeding 70 N EBRT, VVB J
3 69 Vulvar G2 SCC R inguinal node, perineal 1 Pain, lymphedema 60 J EBRT J
4 64 Cervical G3 SCC Right ischiorectal fossa 23 Pain 80 Exenteration EBRT, SBRT J
2(5) 59 Endometrial G2 endometroid AC Left lateral vaginal vault 13 Pain, Bleeding 70 N EBRT, VVB N
6 42 Vulvar G1 SCC Left inguinal node 1 Pain 90 N declined J
7 54  Cervical Mucinous AC Left pelvic side wall 15 Pain 80 N EBRT, VVB N
8 49 Cervical G3 SCC Left popliteal fossa 1 Pain, lymphedema 70 \ EBRT J
9 72 Endometrial G1 endometroid AC Left lateral vaginal vault 12 Pain, Bleeding 60 N EBRT, VVB N
10 54  Cervical G3 SCC Cervix 0.5 Pain 70 Abandoned  EBRT J
1 54  Vulvar G3 SCC Left inguinal node 0.16 Pain 70 J EBRT J
Shaded rows are patients with extra-pelvic tumors.
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Figure 2. Box and whisker plot summarizing percentage change in NRS pain scores for (a) responders (green, n =5) and non-responders (red, n=6) and (b) intra-
pelvic (green, n=5) versus extra-pelvic (blue, n =6) tumors. Median (central line) and upper and lower quartiles are indicated by the upper and lower boundaries

of the box. The whiskers denote maximum and minimum values.

treatment-related AEs were localized to the skin (n=5) and
pain flare (n=2). Three patients experienced mild (Grade 1)
skin erythema managed with ice packing immediately post-
procedure; this resolved within 24 h. Additionally, patient 4
sustained a burn (which developed into a Grade 2 burn) to
skin within the treatment path, due to a combination of the
skin-to-skin interface of the groin fold and adjacent scar tis-
sue. This was managed conservatively in the community by
the tissue viability team. Persistent pain from this at day 60
contributed to this patients increasing pain scores. In patient
9, erythema observed over the sacral area developed into 2
small blisters that resolved within 30days. In both these
cases, energy/temperature changes at the skin were indi-
cated by the thermometry feedback during treatment and
had been noted as temperature increases consistent with
skin erythema. As a skin burn was not anticipated, we con-
tinued treatment after a cooling period that extended 5 min
beyond that recommended by the software.

Symptomatic response

All patients had pain and completed their diaries from 7 days
prior to treatment to day 30 post-treatment. The baseline
diary pain score was the statistical mode of all the pretreat-
ment patient reported scores. All patients completed day 30
follow-up with four patients well enough to complete all fol-
low-up (Supplementary Table S2). Five patients were classi-
fied as responders (patients 1, 6, 7, 8, and 10), the other five
(one treated twice) were non-responders. Differences in BPI
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Figure 3. Comparison of worst pain score in responders (blue) and non-res-
ponders (red).

pain scores between responders and non-responders were
greater at day 7 than day 30 (Figure 2(a), patient numbers
too small for statistical analysis). Composite BPI severity score
(range and median) at baseline, days 7 and 30 for responders
was 1.5-6.0 and 5.0; 0.5-4.0 and 2.9; 0-4.75, and 4.3, respect-
ively, and for non-responders, it was 2.75-8.0 and 5.0;
1.75-9.0 and 3.8, 1.5-8.25 and 4.3, respectively. This was sup-
ported by the average diary pain scores (range and median)
at baseline and day 30 for responders (5.4-9.3 and 6.1;
3.8-7.0 and 5.0, respectively) and non-responders, (3.1-9.8
and 7.7; 0.8-10.0 and 7.6, respectively). Figure 2(a,b) illus-
trates changes in pain scores by response category and
lesion location. Worst pain, but not least or current pain,
improved in responders but not non-responders (Figure 3).
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Table 2. Relationship of thermal energy delivered and dose to change in NRS pain score at each time-point.

% change in pain
score from baseline

Total energy

% change in pain
score from baseline

% change in pain
score from baseline

% change in pain
score from baseline

Patient (treatment) applied, kJ Va40em, Ml at day 7 at day 30 at day 60 at day 90
1 36.4 0.08 —23.1 —23.1 —53.8 —69.2
2 389 0 —16.7 —333 —100 0
3 80.3 0 16.7 0 50 -
4 61.7 0.08 0 —125 125 -
2 (5) 233 4.52 —100 —100 - 0
6 95.6 0 —100 —100 - -
7 52.8 0 —23.1 —38.5 —53.8 —7.7
8 24.5 19.02 —50 25 —25 —25
9 97.1 0.63 66.7 66.7 - -
10 86.4 0 —20 —333 - -
1Al 31.2 0 —9.1 45.5 - -

Shaded rows are extra-pelvic tumors. A pain spike was seen at day 30 in patient 8 with a popliteal fossa lesion because of increased mobilization.

Table 3. Percentage change in mean scores for each QoL feature.

Baseline Day 7 Day 30 Day 60 Day 90
QLQ-C15-PAL N=11 N=11 N=11 N=6 N=4
Physical Functioningt 43.7+£20.1 455+234 44.7+£22.0 51.1+218 41.7+£148
Emotional Functioningt 66.8+17.8 720+334 742+224 82.0+23.8 833+23.6
Dyspnoea* 96+158 9.1+15.6 10.0+16.1 16.7+£27.9 0.0+£0.0
Pain* 643+21.8 60.6 +29.1 60.0+33.5 583+204 50.0+36.0
Insomnia* 51.4+34.6 424+36.8 46.7 £32.2 38.9+443 33.3+385
Fatigue™® 526+18.0 455+24.6 46.7£215 51.9+195 44.5+20.3
Appetite Loss* 28.8+26.5 15.2+£229 23+225 33.3+29.38 16.7+£19.3
Nausea and Vomiting* 8.2+19.0 6.7 £16.1 37+74 11.1+20.2 42+84

Items on the QLQ-C15-PAL were rated on a 4-point Likert scale from 1 (Not at All) to 4 (Very Much), with the exception of the overall
QoL status item, which was rated from 1 (Very Poor) to 7 (Excellent). A higher score for the symptom scales (*) represents a higher
level of symptomatology, and therefore a decreased QoL. In contrast, a higher score for the functional scales(}) represents a higher

level of functionality, and therefore an increased QolL.

In patients with intra-pelvic lesions, two of five responded,
two experienced pain progression at day 30 and one
patient’s pain and analgesic use remained unchanged. Of
patients with extra-pelvic lesions, three were responders, in
all of whom imaging changes seen within their target tumor.
However, patient 8 only achieved 25% reduction in pain
score by day 60 (Table 2).

Per vaginal (PV) bleeding was present at baseline in two
patients. One had subjective improvement but this was not
reflected in her diary record because of a continuing color-
less discharge, which still required pads. The other patient
with involved vaginal margin inaccessible had no reported
change in bleeding (mean severity score 3, requiring three
pads per day).

Relating pain scores to thermal dose delivered

Three patients (all extra-pelvic) had 240 EM dose contours
within the tumor (Table 2). Lack of 240 EM in all but one of
the patients with intra-pelvic tumors meant that mean focal
temperatures were <55°C. In this small patient cohort, there
was no observable relationship between thermal dose deliv-
ered and percentage change in pain score or between
V,a0em (Where recordable) and change in pain score.

Quality-of-life measures

Using the EORTC-C-15PAL for the whole cohort, the data
showed that although physical functioning did not improve

with time, emotional functioning did; other symptoms
remained stable (Table 3). Three responders improved in
their physical functioning, emotional functioning, and overall
QoL with increasing time after treatment. Three non-res-
ponders declined in their physical functioning, emotional
functioning, and overall QoL with increasing time after treat-
ment. Two patients (one treated twice) experienced no
change in their QoL. The EQ-5D-5L showed clear improve-
ment in the index value and in the visual analogue pain
score for patient 1 with time from treatment, and clear
decline in patient 11, but data from all other patients was
variable, making it less useful than the EORTC-C-15PAL
Table 3 and Supplementary Figure S1).

Imaging changes after treatment

One extra-pelvic tumor was ablated entirely (no longer vis-
ible following contrast administration, Figure 4); the other
four all showed an immediate increase in total tumor volume
(18.3+5.4%). Intra-pelvic tumors showed no significant
increase in volume immediately post-treatment (0 10.8%).
At days 7 and 30 both extra-pelvic and intra-pelvic tumors
demonstrated growth (Table 4 and Supplementary Table S3).

Ratios of enhancing to whole tumor volumes at baseline
ranged from 0.47 to 1.0. Immediately post-treatment there
was a decrease in this ratio for extra-pelvic tumors (three
patients showed >10% reduction, 1 showed a 46% increase),
but no change in the intra-pelvic ones (Table 4 and Figure
5). However, variability in the extra-pelvic tumors was high.
Necrosis of gluteal fat was noted in the pre-focal region in
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Figure 4. Axial TIW image with fat suppression pulse and after contrast enhancement with gadolinium chelate before and after treatment of an extra-pelvic
tumor. The pretreatment image shows the enhancing nodule of recurrent tumor in the left ischio-rectal fat (yellow arrow). Immediately post-treatment there is

complete ablation of this enhancing lesion (yellow arrow).

two subjects by day 30 (increased signal-intensity on fat-sup-
pressed images with associated loss in tissue volume).

Discussion

This study demonstrates the feasibility of performing
MRgHIFU in patients with recurrent gynecological tumors
and indicates that better pain control is achieved in extra-
pelvic than intra-pelvic tumors. This was primarily related to
the greater depth of the central pelvic and side-wall recur-
rences compared to the extra-pelvic recurrences, which
resulted in more dissipation of ultrasound energy in pre-focal
tissues in the former. A study in pancreatic cancer indicated
that a 1-cm increase in depth decreased ablation by 30.7%.
At <7 cm posterior tumor depth (from computerized tomog-
raphy scan), ablation as assessed by the non-perfused post
treatment volume was nearly 10 times greater than at
depths >7cm [21]. In our series, the depth of the closest
tumor border was >8 cm for intra-pelvic lesions and between
3 and 8cm for extra-pelvic lesions. Experimental data also
indicate that layering of fat and muscle interfaces, as
encountered in our study, repositions and broadens the
focus resulting in suboptimal focal temperature rises [22].
This was particularly problematic when delivering HIFU
through the gluteal region which has a predominance of fat.
Also, fat and muscle lay in uneven layers in a supine oblique
position. In future, the use of higher powers and longer focal
length transducers will be essential for effective delivery of
HIFU particularly to intra-pelvic tumors.

Previous data on the use of HIFU for treating intra-pelvic
tumors in the context of radiotherapy are confined to pros-
tatic ablations. Even in this application where HIFU has been
used to successfully treat radiorecurrent prostate cancer [23]
and conversely salvage radiotherapy for recurrent prostate
cancer has shown encouraging outcomes after initial treat-
ment with HIFU [24], true combinations of HIFU and radio-
therapy are in their infancy. A very early study of HIFU prior
to radiotherapy for organ preservation in testis cancer
showed that disease recurred in 1 of 4 patients who did not
receive radiotherapy after HIFU [25]. More recently, a safety
trial delivering HIFU to 30 patients with pancreatic cancer
receiving chemotherapy or chemoradiotherapy reported

adverse events in 10% and no serious adverse events [26].
The utility of HIFU-radiotherapy combinations therefore
remains to be evaluated.

Although no significant Vos0em Was seen in any of the
intra-pelvic tumors treated, some pain responses were evi-
dent. This indicates either that a significant Vy40em is not
necessary for a symptomatic response, or that the HIFU pro-
cedure had a powerful placebo effect. In a multicenter
randomized controlled trial treating bone metastases, pain
responses were seen in 20% of patients in the placebo arm,
with 5.7% showing a complete response [27]. The response
rate in our series was greater than this even when ablative
temperatures were not reached. This suggests that sub-abla-
tive heating changes may well cause physiological changes
at a cellular level, possibly due to activation of vibration sen-
sitive ion channels modulating the function of sensory nerve
fibers and resulting in symptomatic improvement.
Alternatively, the PRFS might have underestimated tempera-
ture rises because of difficulty in placing the pre-focal moni-
toring slice away from fat (e.g., in patient 11, where
immediate post-treatment changes on contrast-enhanced
images in the treated region were seen). As by their nature
several of these tumors had a non-perfused component pre-
treatment, any tumor growth would result in an increase this
non-perfused component making comparisons between non-
perfused volumes and pain scores or thermal dose poorly
indicative of response in this small pilot cohort.

The volume of tumor treated in this series was much
smaller than the gross tumor volume, primarily because a
significant proportion of the tumor was beyond the reach of
the transducer focus. We always intended to assess only the
feasibility of treatment for pain control rather than full-scale
debulking. Imaging changes were, therefore, only expected
at the site of the ablation. In fibroid ablation, where non-per-
fused volumes have been measured at ~20% of the treated
fibroid [28], the ratio of the non-perfused fibroid post-treat-
ment (indicating ablated volume) to thermal dose volume
has been shown to be >1 [29]. This means that the extent
of ablation was greater than the volume in which an ablative
thermal dose was achieved, and indicates spreading of ther-
mal effects to surrounding tissue. In extra-pelvic tumors from
our series where theVosoem Was small compared to gross



Table 4. Whole tumor and enhancing tumor volumes at baseline and longitudinal changes over 30 days.

% change day 7 % change day 30

% change-immediate

Baseline values

Intra-pelvic tumors

13.6£14.4 (6.9; 1.4-36.8) 26.0+25.3 (16.3; 4.8-70.3)

0.0+10.8 (—1.4; —13.9 to 17.0)

113.6 £162.2 (50.1; 34.7-444)

Whole lesion volume cm?® (median; range)
Ratio perfused to whole lesion volume

Extra-pelvic tumors

(0; 0-5.5)

03+34

—0.9+4.6 (-0.8; 0-6.8)

—3.0+53 (—1.7; 0 to —4.8)

0.78+£0.21 (0.8; 0.49-1.0)

27.8+£13.9 (34.7; 13.9-73.7)
—22.7£62.6 (—25.8; —18.4 to —100)

31.9+29.5 (30.2; —1.0 to 68.1)
—23.4+489 (—16.4;, —14.3 to —100)

18.3+5.4 (18.3; 13.2-23.2)
—18.2£52.9 (—16.1; —2.0 to —100)

83.6+£76.2 (54.5; 1.7-192.3)

Whole lesion volumecm?® (median; range)
Ratio perfused to whole lesion volume

0.64+0.08 (0.61; 0.47-1.0)
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tumor volume, a sustained symptomatic response was evi-
dent. It is possible that, as with the fibroid data, ablative
necrosis and physiological damage to surrounding tissue was
attained even though a much smaller volume was treated.

Where thermal doses were achieved in the extra-pelvic
tumors, there was an immediate increase in tumor volume,
mainly in the non-perfused compartment, indicative of
inflammation and edema. All tumors increased in volume
with time indicating tumor progression, although alterations
in the pace of progression cannot be estimated in this pilot
study in the absence of a randomized control group.
Nevertheless, some improvement in symptoms was achieved
in 45% of treatments in this palliative care setting.

The same QoL measures as used for palliative radiother-
apy indicated that emotional functioning improved although
other measures did not. This indicates that on-going counsel-
ing and hospital visits with health care professionals provide
valuable support for palliative care patients, despite the add-
itional effort in attendance. Previous data on alleviation of
pain relates mostly to bone metastases for both palliative
radiotherapy [30] and for HIFU [31] where a randomized con-
trolled trial showed that QoL improvements do not solely
represent a placebo effect [27]. An international multicenter
trial of 20 patients that used the QLQ-C15-PAL and QLQ-
BM22 questionnaires also showed clinically significant
improvements in QoL in the 53% of patients who were clas-
sified as responders at day 30 but not in the 47% of patients
classed as non-responders at this time point [32]. In pelvic
cancer, the impact of palliative treatments on QoL is poorly
studied. A recent pilot data set from 25 patients treated with
radiotherapy where the baseline symptoms were pain (48%),
bleeding (40%), bleeding/pain (8%), and intestinal sub-occlu-
sion (4%) showed that the improvement in well-being was
64% and in ability to perform daily activities 48% [33], which
mirrors the emotional and physical functioning metrics in
our patient cohort.

As with other series, skin erythema is the commonest
reported adverse event following MRgHIFU. Some degree of
skin erythema was seen in half our patients. A very large ser-
ies of more than 27,000 patients from 19 centers across
China where HIFU was used to treat benign uterine disease
indicated that the incidence of skin erythema was 0.32%,
skin blistering 0.07% and skin burn 0.14% [34]. This was
much lower than in our study, where patients from an older,
post-menopausal group, had often received previous radi-
ation, or had adjacent surgical scars distorting the treatment
site compromising optimal skin contact. Scar tissue was par-
ticularly problematic in 1 of our patients where a large
inguinal scar and an overlying skinfold compromised acoustic
contact. Factors significantly associated with thermal injury
to skin, in a univariate logistic regression analysis of 892
cases, were related to sonication time, sonication time per
hour, total energy deposited, distance from uterine fibroid
ventral side to skin, volume of uterine fibroids, abdominal
wall scar, abdominal wall thickness, and body mass index; in
a multivariate analysis, however, total energy, abdominal wall
scar and abdominal wall thickness only were significant [35].
To overcome the problem of abdominal scars, acoustic
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Pre treatment

Day 7 post treatment

Day 30 post treatment

Figure 5. Axial TIW images with fat suppression pulse and after contrast enhancement with gadolinium chelate before and after treatment of an intra-pelvic
tumor. The pretreatment image shows the non-enhancing tumor mass at the vaginal vault on the left (red arrow). There is no substantial change in tumor volume
post treatment, either at Day 7 or Day 30, and no change in the relative enhancing and non-enhancing components (red arrows).

patches on the skin, which reflect the ultrasound energy
from scars, have been introduced [36] and increase eligibility
for MRgHIFU [37] without compromising the efficacy of the
treatment [38]. We did not use acoustic patches because of
anatomical distortion associated with major previous onco-
logical surgery. In the future, acoustic patches may well
avoid skin erythema in this patient group.

We were limited in our patient positioning by having to
work within the confines of our 60 cm bore Achieva scanner,
since the lesions were predominantly sited at the widest
point of the body at the hip joints. This meant that the
prone or supine oblique positions had to be accommodated
often across the narrowest dimension of the bore. Wide bore
or open scanners will address this in future. Adjacent or
overlying bowel can also limit the delivery to a pelvic target.
In our series, adjacent bowel was problematic for lesions at
the vaginal vault, where adjacent rectum lay in the beam
path. As our main objective was pain control rather than
lesion ablation, we were able to modify our treatment plan
to accommodate this. Where more definitive treatment of
intra-pelvic tumors is needed, strategies to deflate or dis-
place the rectum away from the treatment site are needed.
Fat necrosis has not formally been reported as a side-effect
of HIFU, however, HIFU lipolysisis used for cosmetic body
sculpting, so the induction of fat necrosis is well-established
[39,40]. The cosmetic effects of fat necrosis were not a con-
sideration in our participants for whom symptom palliation
was an overriding objective.

This study, albeit of a small cohort size, shows that
MRgHIFU is feasible for palliating recurrent gynecological
cancer, is associated with little in terms of unexpected or
severe side-effects and can be integrated into the clinical
cancer pathway. The current technology is limited by its
inability to target tumors deep within the pelvis (vaginal
vault and pelvic side-wall disease) was limited by current
hardware. Pain at these common sites of recurrence is often
the most challenging to manage successfully with standard
analgesic agents. Future improvements in device technology
should enable effective targeting of deeper tissues.
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