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ABSTRACT BACKGROUND: Lymphedema is a common problem after breast cancer treatment.
Lymfactin® is a prolymphangiogenic growth factor vector inducing the expression of human
vascular endothelial growth factor C (VEGF-C). It promotes growth and repair of lymphatic
vessels.

METHODS: Lymfactin® was combined with microvascular lymph node transfer surgery (VLNT) to
study the safety and efficacy of the treatment in breast cancer-related upper limb lymphedema
(BCRL) patients. This is a continuation study with a 3 year efficacy and 5 year safety follow-up.
RESULTS: Fifteen patients were recruited in the study between June 2016 and February 2018.
Three patients received a lower dose (1 x 10'0 viral particles (vp)), and 12 patients received a
higher dose (1 x 10! vp) of Lymfactin®, respectively. In the higher dose group, the reduction of
excess arm volume was on average 46% after the 12 month follow-up, and the transport index
was improved in 7/12 patients. At baseline, removal of the compression garment for 7 days
resulted in significant arm swelling (105.7£161.0 ml, p=0.0253). However, at 12 months, there
was less and not significant swelling after removal of the garment (84.4+143.0 ml, p=0.0682).
Lymphedema Quality of Life Inventory (LQOLI or LyQLIl) questionnaire showed significant and

CONCLUSIONS: During 24 months’ of follow-up, the results indicate that Lymfactin® is well tol-
erated. The most promising findings were a 46% reduction in excess arm volume and a nonsignif-
icant volume increase after garment removal at 12 months, suggesting that there is potential

© 2022 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Pub-
lished by Elsevier Ltd. This is an open access article under the CC BY license

VEGF-C
sustained improvement of quality of life.
for the reduction of lymphedema.
(http://creativecommons.org/licenses/by/4.0/)
INTRODUCTION

Surgery including an axillary lymph node dissection followed
by radiation therapy is a common treatment of primary
breast cancer with lymph node metastases. The incidence of
lymphedema is more than 20% in patients who have under-
gone an axillary lymph node dissection," and this risk signif-
icantly increases in patients receiving additional postopera-
tive radiotherapy.’-? There is no cure for lymphedema, and
the current treatment focuses on conservative decongestive
therapy using manual lymphatic drainage and compression
garments.

Vascularized lymph node transfer surgery (VLNT) has
been gaining popularity during the recent years providing
at least some benefit to the patients.>’ The regrowth of
lymphatic vessels is expected to occur spontaneously af-
ter the operation, and therefore the incorporation of the
transferred lymph nodes into the existing lymphatic vascu-
lature may fail.®:° Lymphoscintigraphic studies have shown
that autologous lymph nodes incorporate only at a low fre-
quency into the existing lymphatic vasculature, and most
of the operated patients must continue to use compression
garments.* 10

Vascular endothelial growth factor C (VEGF-C) is the
most selective growth factor for lymphatic vessels, and it
plays an important role in lymphangiogenesis. In experi-
mental models, VEGF-C seems to have potential to induce
growth of new lymphatic vessels and reduce edema vol-
ume."" The transfer of VEGF-C leads to the local produc-
tion of therapeutic proteins during the first two weeks af-
ter administration,'> thereby stimulating a robust growth of
lymphatic capillaries. Thereafter, the adenoviral vector is
eliminated by the host immune system, and VEGF-C down-
regulation leads to the regression of some of the gener-

ated lymphatic vessels.”> However, the newly formed ves-
sels with lymphatic flow stabilize and mature into collect-
ing lymphatic vessels spontaneously over the course of six
months.® %1314 Novel lymphangiogenic growth factor ther-
apies have shown promising results in previous preclini-
cal models of lymphedema. The transplantation of VEGF-C
transfected lymph nodes results in the restoration of a func-
tional lymphatic network in the damaged area.? '#15,1¢

In breast cancer-related lymphedema (BCRL), the af-
fected lymphatic network is usually restricted to the axil-
lary area.'” Results from the experimental models described
above suggest that in this setting, the expression of the
VEGF-C vector for 1-2 weeks is sufficient to rebuild dam-
aged lymphatic vessels. Human lymph nodes express VEGF-
C, which is also found in the axillary wound exudate after
microvascular lymph node transfer.*>

Lymfactin® is an adenovirus type 5 based gene therapy
vector that induces local expression of human VEGF-C. It
aims to correct the deficient lymphatic flow by promoting
the growth and repair of lymphatic vessels. In combina-
tion with VLNT, it aims to incorporate the transferred lymph
nodes into the pre-existing lymphatic vessel network. In this
article, we present the 24-month efficacy and safety results
of the Lymfactin® Phase | trial, where both VLNT surgery
and adenoviral VEGF-C treatment were combined.

METHODS

The study protocol was approved by the Finnish Medical
Agency (FIMEA) and the Ethics Committee (EC) of Helsinki
Hospital District. The study identifier number at ClinicalTri-
als.gov is NCT02994771.
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Study design

This study was performed in Helsinki, Turku, and Tam-
pere University Hospitals. The study was a first-in-human
Phase | multi-center, open-label, uncontrolled dose escala-
tion study to evaluate the safety, tolerability, and biodistri-
bution of the vector as a single dose of Lymfactin® in fe-
male patients with secondary lymphedema associated with
breast cancer treatment. This novel gene therapy treatment
was combined with VLNT surgery. The study-related proce-
dures to assess the effects of Lymfactin® were standard-
ized across all participating sites. Two dose cohorts were in-
cluded as previously reported.'® Please see reference'® and
supplemental digital content 1 for patients selection.

Study visits and data collection

At baseline, a written informed consent was obtained. De-
mographic data and medical history, including a history of
breast cancer and lymphedema, were recorded at the base-
line visit. A complete physical examination was carried out
at the baseline visit, at days 0 and 7, and at months 1, 3,
6, and 12. A "8F-fluorodeoxyglucose (FDG) positron emis-
sion tomography-computed tomography (PET-CT) scan of
body was performed 45-15 days before treatment as the fi-
nal baseline procedure. Arm volumes and LQOLI (The Lym-
phedema Quality of Life Inventory) were done at the base-
line visit and at months 1, 3, 6, 12, and 24. Donor limb vol-
umes were measured at the baseline visit and at months
1, 3, 6, and 12. Quantitative lymphoscintigraphy measuring
the transport index was carried out at the baseline visit and
at 12 and 24 months postoperatively (Figure 1).

Adverse events (AEs) and serious adverse events (SAES)
were carefully documented up to 12 months and have al-
ready been published in short-term safety article of Lym-
factin®.'® Thereafter, only adverse events that were con-
sidered to be study related by the investigator were docu-
mented.

Operative technique and administration of
Lymfactin®

Reverse sentinel node mapping were done as described ear-
lier'® to minimize possible donor site morbidity.'®>2° The
sentinel nodes were detected with a gamma detector, and
dissection near these nodes was avoided during the opera-
tion.

Legvolume TI Leg volume Tl
Laotl LQOLI
CT scan (either visit 8A or 8B)

Phase | study design. Tl=transport index LQOLI=quality of life questionaire.

The VLNT flap based on the superficial circumflex iliac
vessels was raised as previously described.*>-'° For some
patients, this was combined with breast reconstruction us-
ing a lower abdominal flap (DIEP or ms-TRAM flap). Prepa-
ration, perinodal injection of Lymfactin®, and anastomoses
of vessels were done as described earlier."® Please see sup-
plemental digital content 1 for post-treatment therapy.

Study objectives

The aim of this study was to evaluate the safety and efficacy
of a single dose of Lymfactin® administered as a perinodal
injection in association with VLNT surgery in patients with
BCRL. The efficacy was monitored up to 24 months post-
treatment using volumetry measurements, lymphoscintig-
raphy, and Lymphedema Quality of Life Inventory question-
naires (LQOLI or LyQLl).

Volume measurements

The volume of each limb was quantified using the Brorson
and Hoijer measurement method.?' An edema volume of the
affected and unaffected arm were recorded, and an excess
volume (ml and %) was calculated by substraction.

The excess volume was measured immediately after
compression removal and recorded at baseline, after 1, 3,
6, 12, and 24 months. A 7-day swelling volume was calcu-
lated by the substraction of edema volume 7 days after re-
moval of the compression garment and edema volume with
compression at baseline, 12 and 24 months after treatment.
This depicts how much the affected arms swells when the
garment is off for 7 days. In this article, we use system-
atically the terms excess volume and 7 days swelling vol-
ume as described above. After the measurements were per-
formed, the patients resumed garment use until the next
scheduled measurement. An excess volume measurement
of both legs was done to identify the development of any
potential edema development in the limb of the donor site.

Qualitative lymphoscintigraphy

The lymphoscintigraphy of the upper limbs was performed
at baseline, at 12 and 24 months postoperatively, as previ-
ously described.® For a qualitative evaluation of lymphatic
drainage, a numerical transport index (Ti) was used as de-
scribed previously.??-23
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Quality of Life

The patients completed the Lymphedema Quality of Life In-
ventory (LQOLI or LyQLI) questionnaire?* at the baseline and
1, 3, 6, 12, and 24 months post-treatment visits. The LQOLI
measures how much lymphedema may impact on the pa-
tient’s quality of life in three domains: physical, psychoso-
cial, and practical. The three domains have been validated
separately, but the total score has not been validated. The
LQOLI contains a total of 45 questions that are filled out
by the patients themselves. The maximum amount of points
is 123, and a low score represents a better quality of life.
The LQOLI has originally been developed in Australia and
later translated, adapted, and validated in Swedish.?* In
this study, the validated Swedish questionnaire was used to-
gether with a translation into Finnish (unvalidated).

Statistical analysis

Statistical analysis was performed using GraphPad Prism
8.0 (GraphPad Software, Inc., CA, USA) and SAS software,
Version 9.4 of the SAS System for Windows (SAS Institute
Inc., Cary, NC, USA). Data normality was assessed using
D’agostino-Pearson normality test. Data that was not nor-
mally distributed were reported using median and IQR. Vol-
ume data were compared between 0 and 12 months using
Wilcoxon matched-pairs signed rank test. Repeated mea-
sures ANOVA followed by Dunnett’s multiple comparison
test were used to compare follow-up timepoints to base-
line measurements to analyze quality of life and trans-
port indexes. Statistical significance was set at p<0.05. For
without compression minus compression analysis, the mean
changes over time were analysed using linear mixed models
for repeated measurements (Kenward Rogers), where time
was handled as a within factor, and time points 0 and 12
months were included in the analysis.

RESULTS
Participants

A total of 15 female BCRL patients were included in the
study between June 2016 and February 2018. In the results,
we report only Cohort 2 patients (n=12) who received the
aimed therapeutic dose of Lymfactin®. The presence of first
symptoms of lymphedema ranged from 1 to 4 years after
breast cancer diagnosis. All patients had compression gar-
ments as a conservative treatment for lymphedema. The
average excess volume at baseline was 5274450 ml with
compression, and the average Tl of the affected arm in lym-
phoscintigraphy was 28.8+14.6. Only 1 patient had cellulitis
in the affected arm in the preceding 12 months. See table,
supplemental digital content 2, of patients’ breast cancer
and lymphedema history.

Safety profile

Results of safety at 12-month follow-up have been published
earlier.'® The study was completed with the predetermined
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Figure 2 Transport index measured at baseline, 12 months
post-treatment and 24 months post-treatment. Data are shown
as mean =+ SD. Tl=transport index.

maximum dose of Lymfactin, and no dose-limiting toxicities
were observed.'® During 12-24 months, there were no SAEs
reported. None of the AEs reported after 12 months follow-
up were considered study related.

Lymphoscintigraphy

The transport index was improved in 7/12 patients during
12 months follow-up and 4/11 patients during 24 months
follow-up. In all of the patients with improvement during
24 months the Tl decreased by over 10 points, and this
was considered clinically significant. At 24 months time-
point, one patient was excluded because of lacking mea-
surements. The mean Ti values at baseline were 28.84+15.3,
12 months post-treatment were 28.0+20.1, and 24 months
post-treatment were 25.3+16.9 (Figure 2). There were no
statistical significances with Dunnett’s multiple comparisons
test. The deviation of the results was large.

Volume measurements - with garment and 7 days
after garment removal

We obtained a full set of measurements (with compression,
7 days without compression, 7 days swelling volume) at the
1-year follow-up, and after that the patients were allowed
to reduce or discontinue the use of their compression gar-
ments if the symptoms had improved. After 1 year, the data
show that either a reduced or discontinued compression gar-
ment usage in 5/12 patients, and due to a limited amount
of data, the 24 months was not included in all the sub-
analyses.

The excess of volume with compression was decreased
in 11/12 patients after 12 months follow-up, and in 7/11
of them, the decrease was >25% compared to the base-
line measurement, which was considered clinically signif-
icant. After 24 months follow-up, the excess volume was
decreased in 9/12 patients. The deviation of results was
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Figure 3 A-B. A. The median excess volumes without compression measured at baseline, 6 months post-treatment, 12 months
post-treatment and 24 months post-treatment and with compression measured at baseline, 1 month post-treatment, 3 months post-
treatment, 12 months post-treatment (*=p=0.0269) and 24 months post-treatment. Data are shown as median with interquartile
range. 3A-B. B. The mean reduction of excess volume with compression (%) was 46.0% £ 60.7 12 months post-treatment. Data are

shown as mean =+ SD.

large. The median volume excess percentage with com-
pression was 20.6% (IQR 9.4-36.1), 435.5 ml (IQR 165.3-
746.8) at baseline, 3 months post-treatment was 16.7%
(IQR 6.1-26.2), 273.5 ml (116.5-529.3), and 12 months post-
treatment was 9.4% (IQR 3.3-34.0), 239.5 ml (54.5-643.8).
Twenty-four months post-treatment, the median volume
excess percentage with compression was 20.3% (IQR 4.3-
33.7), 403.5 ml (77-875), when even the patients who
had reduced/discontinued their use of compression gar-
ments were included (Figure 3A). The excess volume re-
duction at 12 months was statistically significant compared
to the baseline situation (p=0.0269). Twelve months post-
treatment, the mean reduction of excess volume with com-
pression was 46+61% (Figure 3B). The median volume ex-
cess percentage without compression was 22.4% (IQR 11,8-
39,0), 390.0 ml (IQR 285,3-880,3) at baseline, 19.1% (IQR
8,7-40,3), 330.5 ml (175,5-860,5) 6 months post-treatment,
and 18.5% (IQR 6,2-41,3), 487.0 ml (104.8-813,8) 12 months
post-treatment. Twenty-four months post-treatment, the
median volume excess percentage without compression was
20.5% (IQR 7,7-42,6), 428.0 ml (IQR 128,5-1152). At this
timepoint, two patients were excluded because of lacking
measurements without compression. Without compression,
the mean reduction of excess volume at 12 months was
23.3+46.1%, and at 24 months 10.3+43.6%.

At baseline, the 7 days swelling volume was 105.7+161.0
ml, and 12 months post-treatment was 84.4+143.0 ml.
There was statistically significant swelling at baseline
(p=0.0253) but interestingly not at 12 months post-
treatment (p=0.0682) (Figure 4).

Volume measurements and clinical symptoms of
the donor limb

To detect any possible complications to the donor area,
lower limb excess volumes were measured pre- and post-
treatment. The median volume excess percentage at base-
line was -0.85% (IQR -3.1-1.6), -1.85% (IQR -3.0-(-0.8))
12 months post-treatment (ns) and 0.75% (IQR -2.5-2.1)
24 months post-treatment (ns), indicating no measurable
edema of the donor limb (Figure 5). No clinical symptoms
of the donor site were observed.
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Quality of Life

Significant lymphedema-associated morbidity was observed
at baseline. A significant and sustained reduction (41.0
(IQR 28.5-75.5) at baseline, 25.5 (IQR 14.3-41.8) 12 months
post-treatment (p=0.0055), and 18.0 (IQR 11.5-43.0) 24
months post-treatment (p=0.0056)) was observed in the to-
tal score (Figure 6A). Significant and sustained reductions
were also observed in the subdomains (physical, psychoso-
cial, and practical) of cohort 2, during the follow-up period
(Figure 6B-D).

DISCUSSION

We present the 24-month follow-up efficacy and safety re-
sults of a Phase | multi-center study of the prolymphangio-
genic growth factor vector Lymfactin® in female patients
with BCRL. The study will continue with a 3-year efficacy
and 5-year safety follow-up and the 12 months safety re-
sults have been published earlier.”® Lymfactin® was com-
bined with VLNT surgery after complete scar removal from
the axilla. In previous reports, no dose-limiting toxicities
were observed.'® The results of this article show that Lym-
factin® is well tolerated during 24 months follow-up. Four
of 11 patients showed marked improvements in their lym-
phoscintgraphy results, the excess volume was significantly
reduced at 12 months, and the excess volume reduction was
sustained in most patients at the 24 months. Twelve months
post-treatment, the removal of the garment did not result
in statistically significant increase in arm excess volume as
opposed to the baseline situation. Quality of life was sig-
nificantly improved, and there was no edema of the donor
limb in these patients. These results suggest that Lymfact-
in® has the potential for the resolution of lymphedema in
BCRL patients.

After 12 months follow-up, the median excess volume
with compression decreased significantly. At 24 months,
there was no further reduction in the median excess vol-
ume when compared to the 12 month results. However, the
patients with improved symptoms and reduced edema had
been encouraged to discontinue the use of compression gar-
ments after 12 months. The reduced usage of compression
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Figure 4 Excess edema volume with compression and without compression. At baseline, the swelling was statistically significant
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Figure 5 Excess volume of the donor limb (%). There was no
measurable edema of donor limb. Data are shown as median
with interquartile range.

garments due to improved symptoms indicates better lym-
phatic flow after treatment even though the median excess
volume slightly increased after 24 months follow-up. For the
first year, the compression treatment was managed by the
University Hospitals, but thereafter the compression treat-
ment was managed by local health care centers. Some pa-
tients have reported that in some centers there was lower
availability of the compression garments. Thus, in the fol-

lowing phase Il study, we have standardized the use of com-
pression garments across centers.

In a recent paper, Beederman et al.”> have analyzed the
results of lymphatic surgery in one of the largest patient
series published. The mean reduction in excess volume af-
ter VLNT, lymphovenous bypass, or a combined treatment
modality was 25.7%, at 12 months. In our results, the mean
reduction of excess volume at 12 months was as good as
46.0%. There was still improvement in the results of Bee-
derman et al. after 24 months, but in our results this im-
provement was not detected. The results cannot be directly
compared because there are differences in surgical treat-
ment modalities and compression treatment protocols, but
the volume reduction at 12 months in our study still seems
very promising.

The swelling of the affected arm was statistically signifi-
cant when the compression garment was removed for 7 days
at baseline. After 12 and 24 months, there was less and not
statistically significant swelling after garment removal. If
the gained volume reduction is maintained when removing
the compression garment, the result can be regarded as a
resolution of lymphedema.'?-2¢ This indicates that after one
year of Lymfactin® and combined VLNT surgery treatment,
the tendency of edema decreases.

The patients included in this study had different stages
of lymphedema (range of preop volume excess 81 ml to 1617

A Quality of life: total B Quality of life: physical [ Quality of life: psycosocial D Quality of life: practical
80 S de e G ol 25 s 30 O T T 30 ns x wx ns
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Figure 6 A-D. Quality of life was assessed with the LQOLI questionnaire. A=total score, B=physical, C=psycosocial, D=practical.
There was significant reduction on LQOLI points in every time point. A lower score represents better quality of life. There was
also significantly reduction on LQOLI points of each subdomain. Data are shown as median with interquartile range. *=p=<0.05

**=p=<0.01 ***=p= <0.001 ****=p=<0,0001.
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Figure 7 Operation and treatment protocol. A) A soft tissue flap containing several lymph nodes was harvested from the patient’s
lower abdominal wall or groin area using the superficial circumflex iliac artery perforator (SCIP) vessels. B) Lymfactin® was injected
into the flap ex vivo as a single dose to enhance lymphangiogenesis and subsequent lymphatic network maturation. C) The tissue
flap was transferred into the axillary region of the patient’s affected upper limb. D) Inducing the growth of a functional lymphatic
network in order to treat the underlying cause of secondary lymphedema.

ml), which clearly affect the results. The edema cannot be
completely resolved in patients who in addition to pitting
edema also have excess of fibrofatty tissue at baseline. Lym-
factin® treatment is not considered to remove the fibrofatty
tissue of the lymphedema arm, and because of this the arm
volume cannot be completely normalized after the treat-
ment in stage Il patients. In patients with ISL Stage Il lym-
phedema?” liposuction could be combined with this exper-
imental treatment in the future.'®26.28 However, as excess
volume reduction was an endpoint in the study, liposuction
was not included as a method of treatment in the Phase |
protocol.

At this stage, it can also be deduced that Lymfactin® in
combination with VLNT surgery is safe immediately after the
operation and during 24 months follow-up. However, the ul-
timate safety results and especially the oncological safety
of Lymfactin® will require a long 5-year follow-up and a
larger patient population.

The limitation of the study in light of the efficacy data
is that it was performed as a safety study without a control
group. In the Phase | trial, one cannot separate the effects
of VLNT surgery and Lymfactin® treatment as all patients
have received Lymfactin®. As the patients were allowed to
discontinue their garment use if their symptoms had im-
proved, a complete excess volume data set was not ob-
tained at 24 months. Many studies have reported good out-
comes in excess volume reduction after VLNT surgery alone,
but as discussed in many systematic reviews, the compari-
son of results between studies is difficult because of differ-
ent measurement methods and data analysis tools.®7-2%-3"
The Phase Il trial, an ongoing randomized placebo controlled
trial, aims to answer the question about efficacy as half of
the patients are randomized to receive only placebo in com-
bination with VLNT surgery. Measurements and compression
treatment protocols in the Phase Il trial are standardized
across centers.

No curative treatment modalities for lymphedema ex-
ist at present. Thus, Lymfactin® treatment combined with
lymph node transfer surgery could offer new hope for lym-
phedema patients (Figure 7). The most promising findings in
this study were a 46% reduction in excess arm volume and a
nonsignificant swelling volume after garment removal at 12
months, suggesting that there is a potential for reduction
of lymphedema. A randomized placebo controlled Phase |l
study, in which the patients will be evaluated for the ef-
ficacy and safety of Lymfactin® for several years, is now
ongoing.
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