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Summary Background: Lymfactin® is a gene-therapy vector encoding vascular endothelial 
growth factor C designed to promote lymphatic vessel growth. It is administered during vas
cularized lymph node transfer (VLNT) to treat breast cancer-related lymphedema. This study 
presents the final efficacy and long-term safety results of the Lymfactin® Phase I trial.
Methods: Between 2016 and 2018, 12 patients with breast cancer-related lymphedema re
ceived a therapeutic dose of Lymfactin® injected into the VLNT flap with or without autologous 
breast reconstruction. Patients were followed up annually for 4 years.
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reconstruction; 
Gene-therapy

Results: The mean seven-day swelling volume, defined as the volume change after one week of 
compression interruption, decreased clearly compared to baseline at the three-year follow-up: 
105.7 ± 161.0 ml vs. 14.9 ± 174.2 ml. The total lymphedema quality of life (LQOLI) scores 
improved significantly from baseline to the three-year follow-up (p = 0.02). Within the LQOLI 
subdomains, physical (p < 0.01) and psychosocial (p = 0.01) scores showed significant im
provement over 3 years postoperatively. Six of the 12 participants reduced or discontinued 
compression garment use within 3 years postoperatively. This group exhibited significantly 
smaller upper extremity volume differences than those who continued regular compression use 
(317.8 vs. 923.2 ml, p = 0.04). No serious adverse events were reported, and all the patients 
remained alive during the four-year follow-up.
Conclusion: This prospective multicenter study demonstrated that Lymfactin® with VLNT is 
safe and well tolerated. Although volume reduction was most evident in the first year, half of 
the patients reduced or discontinued compression use, and quality of life improved over long- 
term follow up.
© 2025 The Authors. Published by Elsevier Ltd on behalf of British Association of Plastic, 
Reconstructive and Aesthetic Surgeons. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/).

Breast cancer-related lymphedema (BCRL) affects over 20% 
of patients undergoing axillary lymph node dissection and 
possible radiation therapy for metastatic breast cancer.1

Although a completely curative treatment for BCRL is 
lacking, surgical options, such as vascularized lymph node 
transfer (VLNT), may restore lymphatic function and sig
nificantly alleviate symptoms in selected patients.

Vascular endothelial growth factor C (VEGF-C), a key 
regulator of lymphangiogenesis, induces lymphatic vessel 
growth and reduces edema.2,3 VEGF-C introduction triggers 
local factor production, driving capillary growth within 2 
weeks.4 However, immune-mediated adenoviral vector 
clearance reduces gene expression and partially reverses 
this effect.5 Within six months, new vessels mature into 
functional collecting lymphatics. Preclinical models have 
shown positive outcomes with VEGF-C-based therapies, in
cluding restoration of lymphatic networks in damaged 
tissues.6–9

Lymfactin® is a gene-therapy vector based on adenovirus 
type 5 that is designed to locally express human VEGF-C.10 It 
rectifies deficient lymphatic flow by fostering the growth 
and repair of the lymphatic vessels. When used in con
junction with VLNT, it aids in the integration of the trans
ferred lymph nodes into pre-existing lymphatic vessel 
network. This article presents the final efficacy and safety 
outcomes of the Lymfactin® Phase I trial, which combined 
VLNT surgery and adenoviral VEGF-C treatment (Lymfactin® 
treatment).

Methods

Study protocol

The study was approved by the Finnish Medical Agency and 
the Helsinki Hospital District Ethics Committee 
(ClinicalTrials.gov, ID: NCT02994771).

This first-in-human Phase I, open-label, uncontrolled 
dose-escalation study was conducted between 2016 and 
2018 at university hospitals in Turku, Helsinki, and Tampere, 

Finland. The primary objective was to evaluate the safety, 
tolerability, and biodistribution of a single dose of 
Lymfactin® in patients with BCRL. This gene therapy was 
administered during VLNT surgery with or without deep in
ferior epigastric artery perforator (DIEP) breast re
construction. The study was conducted and reported in 
accordance with the Strengthening the Reporting of 
Observational Studies in Epidemiology ( STROBE) guidelines.

Operative technique and administration of 
Lymfactin®

A VLNT flap, with or without combined DIEP breast re
construction, was performed following an established pro
cedure.11 Lymfactin® was injected into 2 to 4 sites in the 
flap, avoiding the pedicle, and vascular anastomoses were 
completed as previously described.10 The original study 
comprised 2 dose cohorts: 3/15 patients received a lower 
dose (1 × 1010), and 12/15 patients received a therapeutic 
dose (1 × 1011) of viral particles, as previously reported.10

Only the therapeutic dose cohort was included in this study. 
Reverse lymph node mapping was used to minimize the risk 
of donor site lower extremity lymphedema.12

Study visits and data collection

Baseline and efficacy results are reported up to 3 years, 
with safety follow-up extended to 4 years. The detailed 
first-year data, including multiple laboratory and clinical 
follow-up visits, have been published previously10,13 and are 
not repeated here (Supplemental Figure 1). The baseline 
data included demographic information and medical his
tory, including breast cancer and BCRL. Patients underwent 
screening with 18F-fluorodeoxyglucose positron emission 
tomography-computed tomography (PET-CT), followed by 
annual chest and abdominal CT scans for 4 years. A phone 
interview was conducted 4 years postoperatively to eval
uate long-term outcomes and safety. Lymphoscintigraphy 
was performed at baseline and annually for up to 3 
years.14,15
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Safety assessments included routine hematology, clinical 
chemistry tests, and urinalysis performed at baseline and 
annually for up to 3 years postoperatively (Supplemental 
Tables 1 and 2).

Adverse events (AEs) were collected from baseline to the 
last visit and recorded in the case report form. They were 
graded according to the Common Terminology Criteria for 
Adverse Events Version 4.03 (CTCAE v4.03). All AEs, irre
spective of causality, were documented during the first 
postoperative year10; thereafter, only treatment-related 
events were recorded. Serious adverse events (SAEs) were 
defined using the International Conference on Harmoniza
tion criteria, reported within 24 h, and assessed for caus
ality by the investigator. Patients with unresolved AEs were 
followed until resolution or no further medical follow-up 
was indicated. Safety data collection adhered to the Spon
sor’s or Clinical Research Organisation’s Standard Operating 
Procedures, in compliance with EU regulations. SAE re
porting followed the study-specific SAE management plan.

Volume measurements of extremities

Trained staff measured the upper and lower extremity vo
lumes of the patients using the Brorson’s method.16 The 
total volume of both upper extremities was recorded, and 
the difference was calculated as the excess volume. Excess 
volume was measured immediately after removing the 
compression garment and documented at baseline and an
nually for up to 3 years (Supplemental Figure 1). The mean 
seven-day swelling volume was defined as the excess vo
lume change after one week of compression interruption. 
Compression garment use was continued until the next 
follow-up.

After one year, patients could reduce or discontinue 
compression use if they observed improved swelling symp
toms. For those who discontinued entirely, the volume was 
subsequently measured without compression at years 2 and 
3. Lower extremity volumes were measured annually, and a 
negative value indicated that the donor extremity was 
smaller than the contralateral extremity.

Lymphedema quality of life inventory

Patients completed the Lymphedema Quality of Life 
Inventory Questionnaire (LQOLI)17 at baseline and annually 
for up to 3 years. The questionnaire assesses the quality of 
life in 3 domains—physical, psychosocial, and practical—a
long with a total score. The LQOLI includes 45 self-ad
ministered questions, with a maximum score of 123, with a 
lower score indicating better QoL.

Statistical analysis

Statistical analyses were performed using SPSS Statistics 
version 29.0 (IBM® Corporation, NY, USA) and GraphPad 
Prism 10.4 (GraphPad Software, Inc., CA, USA). Data nor
mality was assessed using the D′agostino-Pearson normality 
test. Non-normally distributed data are reported as median 
and interquartile range (IQR). Volumetric data were com
pared between baseline and study visits using the Wilcoxon 
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matched-pairs signed-rank test. Comparisons between com
pression garment users and non-users were analyzed using the 
Student’s t- and Mann-Whitney U tests. Repeated measures 
analysis of variance (ANOVA) was used to compare follow-up 
time points with baseline measurements to analyze the LQOLI, 
transport index (TI), and volume change of the lower ex
tremities. Statistical significance was set at p < 0.05.

Results

Table 1 summarizes the demographic characteristics of all 
12 patients who received a therapeutic dose of Lymfactin® 
(1 × 1011 vp in 2 ml), whereas Table 2 depicts per-patient 
demographic information. Further baseline details can be 
found in the articles by Hartiala et al. in 202010 and Lep
papuska et al. in 2022.13

Excess volume with a compression garment

Volume measurements were unavailable for one participant on 
the two-year visit but were available on the three-year visit.

At baseline, the median volume excess with compression 
was 435.5 ml (IQR 165.3–746.8 ml), corresponding to 20.6% 
(IQR 9.4–36.1%). One-year postoperatively, this decreased 
significantly to 239.5 ml (IQR 54.5–643.8 ml), 9.4% (IQR 
3.3–34.0%), (p = 0.03). At 2 years post-op (9/12 patients), 
the median excess volume increased to 564.0 ml (IQR 
77.0–977.5 ml), 26.2% (IQR 4.3–37.7). By 3 years (8/12 pa
tients), the median excess volume was 708.0 ml (IQR 
206.0–1227.5 ml), 31.4% (IQR 11.0–49.1%), including only 
patients who continued compression usage (Figure 1A).

Excess volume without a compression garment

The median excess volume at baseline without compression 
was 390.0 ml (IQR 285.3–880.3 ml), 22.4% (IQR 11.8–39.0%), 
and at one year-post-op it was 487.0 ml (IQR 
104.8–813.8 ml), 18.5% (IQR 6.2–41.3%). At the two-year 
study visit, measurements were conducted on 10/12 with a 

volume excess of 428.0 ml (IQR 128.5–1151.8 ml), 20.5% (IQR 
7.6–42.7%) and 12/12 at three-year post-op, 520.5 ml (IQR 
171.8–1022.8 ml), 24.1% (IQR 10.1–40.8%), without sig
nificant differences compared to baseline (Figure 1B).

Seven-day swelling volume

At baseline, the mean seven-day swelling volume (week of 
compression interruption) in 12 patients was 
105.7  ±  161.0 ml, with a statistically significant difference 
(p = 0.04) between excess volume with and without com
pression garments (Figure 2A). At one-year post-op, it was 
84.4  ± 143.0 ml (p = 0.07) among the 12 patients. At 2 years 
post-op, it was 94.3 ± 114.8 ml (p = 0.07) in 7/12 patients, 
and at three-year post-op, it decreased to 14.9 ± 174.2 ml 
(p = 0.82), in 8 /12 patients (Figure 2B).

Lymphoscintigraphy

The mean TI of the affected upper extremity was 28.8 ± 
15.3 at the baseline, 26.6 ± 19.7 at one-year post-op, 
25.3  ±  16.9 at two-year post-op, and 23.9  ±  16.8 at three- 
year post-op, without any significant difference between 
the study visits (p = 0.81; Figure 3). The mean change in the 
TI over 3 years was −4.8 ± 20.1, ranging from −44.8 to 23.0.

Lymphedema quality of life inventory

Substantial morbidity associated with BCRL was observed at 
the baseline. The median total LQOLI score at baseline was 
41.0 (IQR 28.5–75.5) and showed statistically significant 
improvement at each annual follow-up: 25.5 (IQR 14.3–41.8) 
at one year, 18.0 (IQR 12.0–43.0) at two- year, and 18.0 (IQR 
7.0–48.5) at three-year (Figure 4A).

When comparing changes in the 3 LQOLI domains from 
baseline to a three-year follow-up, a significant improve
ment was observed in the median physical domain score, 
which decreased from 16.5 (IQR 9.3–20.8) to 6.5 (IQR 
2.5–14.3)(p ˂  0.01). In the psychosocial domain, it decreased 
from 13.0 (IQR 9.8–24.0) to 5.50 (IQR 1.0–12.8)(p = 0.01; 
Figure 4B-C). In the practical domain, a significant 

Figure 1 A-B. Median volume excess between the upper extremities with and without compression. A. Volume excess with 
compression garments differs statistically between the baseline and one-year postoperatively (*p = 0.03). B. There was no statis
tically significant volume excess between baseline and study visits when compression garments were not used. Data are shown as 
median and interquartile range.
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improvement was observed at the one-year follow-up from 
15.50 (IQR 8.50–26.50) to 9.0 (IQR 4.30–13.50)(p < 0.01), but 
no statistically significant differences were observed in the 
three-year follow-ups compared to baseline from 15.50 (IQR 
8.50–26.50) to 4.50 (IQR 3.1–15.8)(p = 0.13; Figure 4D).

Compression garments

At 2 years post-op, 5/12 (41.7%) patients had reduced or 
discontinued the use of compression garments. By 3 years, 
this increased to 6/12 (50.0%); 4 had discontinued use en
tirely, and 2 wore them only during the day (Table 2). One 
patient resumed use after having discontinued at two-year 
post-op.

There were no significant differences between those who 
regularly used compression garments and those who had 
reduced or discontinued its use in terms of age (p = 0.32), 
BMI at baseline (p = 0.20), duration of BCRL (p = 0.92), TI at 
baseline (p = 0.96), or TI at 3 years post-op (p = 0.21; 
Table 1). Over the three-year follow-up, TI decreased by 
10.7 units in patients who no longer used compression gar
ments regularly, while it increased by 1.0 unit in those who 
continued regular use; however, the difference was not 
statistically significant (p = 0.34).

Figure 2 A-B. Seven-day swelling volume with and without compression. A. At baseline and one-year post-op visits, seven-day 
swelling volume was measured for all 12 participants. At baseline, the volume excess difference between with and without com
pression was significant (*p = 0.04), but this difference was no longer significant after follow-up visit measurements. B. The mean 
seven-day swelling volume at the follow-up visits. At baseline, the seven-day swelling volume was 105.7 ±  161.0 ml, and at three- 
year postoperatively, it was 14.9  ± 174.2 ml.

Figure 3 Transport index measured at baseline and study 
visits. There was no significant difference between study visits 
(p = 0.81). Data are shown as mean ± SD. TI, transport index.

Figure 4 A-D. Quality of life assessment was conducted using the LQOLI questionnaire. A lower score represents a better quality 
of life. The p-values indicate the statistical significance of the difference in LQOLI scores compared to baseline scores. Data are 
shown as median and IQR.
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Figure 5A shows that at baseline, volume excess was 
higher in participants who continued compression garment 
use for 3 years, both with (739.0 ± 529.7 ml vs. 314.7 ± 
238.1 ml, p = 0.10) and without (889.8  ±  675.0 vs. 375.2  
±  191.2, p = 0.10) garment, though the difference was not 
statistically significant. At 3 years post-op, there was a 
statistically significant difference in excess volume without 
compression garments between the patients who continued 
using compression and those who discontinued or reduced 
their use (923.2 ± 551.7 ml vs. 317.8 ± 224.3 ml, p = 0.04).

When comparing the effect of regular compression gar
ment use on changes in total LQOLI scores over three-year 
post-op, Figure 5B shows that the interaction between study 
visits and compression use was mostly non-significant, ex
cept for the effect between one and two-year post-op visits 
(p = 0.05). The LQOLI improved in both groups up to one 
year after surgery. Among those who reduced their com
pression use, LQOLI continued to improve beyond this point, 
whereas among those who continued regular compression 
use, LQOLI declined after the first year.

Volume measurements and clinical symptoms of the 
donor limb

The mean volume difference between donor and non-donor 
extremities was −94.5 ±  300.2 ml at baseline and −209.0 ± 
351.1 ml at three-year post-op (p = 0.15; Figure 6). None of 
the participants showed clinical signs of secondary lymphe
dema of the lower extremities during the follow-up period.

CT scan

During the three-year follow-up, 2 participants were diagnosed 
with metastatic breast cancer. One patient experienced 3 epi
sodes of facial nerve palsy over a two-year period. Suspected 

liver metastasis detected on a three-year follow-up CT scan was 
confirmed using MRI, and skull bone metastasis was identified 
at the four-year follow-up. The patient received radiation 
therapy on the brain and skull. Another participant, who had 
received a lower dose of Lymfactin® (1 × 10¹⁰), was diagnosed 
with metastasis in the T8 vertebral body during a three-year 
postoperative full-body CT scan. A follow-up CT scan 2 months 
later showed disease progression, and treatment with palbo
ciclib (Ibrance®) and letrozole (Letrozole®) was initiated.

Safety profile

The one-year safety study was completed using the max
imum planned dose of Lymfactin®, with no dose-limiting 

Figure 5 A-B. Comparison of two groups (n = 6 in both groups) based on regular compression garment usage (23 h/day) at three 
years after the operation. A. Volume excess difference between the groups. There was a significant difference in volume excess 
without a compression garment at three years post-op between the groups (*p = 0.04) B. The total LQOLI scores of the two groups 
are based on whether the compression garment is used regularly for 23 h per day for three years after surgery. The interaction 
between study visits and compression use was mostly non-significant, except between one and two-year post-op visits (*p = 0.05).

Figure 6 Mean volume difference between the donor and 
non-donor lower extremities. A negative value indicated that 
the measured volume of the donor-site extremities was smaller 
than that of the non-donor extremity. There was no measurable 
edema of the donor extremity. Data are shown as mean and SD.
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toxicities or SAEs reported during the first 2 years10,13 La
boratory tests performed at baseline and annually revealed 
no clinically significant abnormalities over the three-year 
period (Supplemental Tables 1 and 2). No SAEs were ob
served during the three-year follow-up, and all AEs after 
year 2 were deemed unrelated to the study. All patients 
remained alive and free of new malignancies at the four- 
year follow-up.

Discussion

This study reports the final three-year efficacy and four-year 
safety results of a Phase I multicenter trial combining 
Lymfactin® gene therapy with VLNT in patients with BCRL. 
The results indicate that following Lymfactin® treatment, 
the volume change in the upper extremities during a seven- 
day compression interruption was smaller (14.9 ±  174.2 ml) 
3 years after surgery compared to preoperative measure
ments (105.7  ±  161.0 ml), indicating disease stabilization 
following surgery. In addition, the total LQOLI scores im
proved significantly from baseline and the improvement was 
sustained at the three-year follow-up, with the physical and 
psychosocial domains showing sustained improvements over 
time. Although the mean upper extremities volume differ
ences did not decline, 6/12 patients reduced or dis
continued compression use. Lymfactin® was well tolerated 
in the long-term, with no serious VEGF-C-related AEs re
ported.

This study showed that, despite wide baseline differ
ences in upper extremity volumes, the volume change 
during a seven-day compression-free period significantly 
decreased over the 3 periods. Before treatment, fluid ac
cumulation without compression was notable 
(105.7  ±  161.0 ml, p = 0.04), highlighting the importance 
of compression garment therapy. By year 3, swelling during 
the same period was minimal (14.9 ± 174.2 ml) and no 
longer statistically significant (p = 0.82), suggesting im
proved lymphatic function. In this context, the long-term 
reduction in short-term swelling fluctuations observed in 
our cohort, even during compression discontinuation, sug
gests that Lymfactin® treatment and axillary scar release 
may have contributed to stabilizing lymphatic function in 
chronic BCRL. Supporting this interpretation, prior studies 
have shown that without intervention, BCRL typically pro
gresses with worsening edema and fibrosis.18,19 Blom et al. 
reported a sixfold lower risk of progression at 6 months in 
patients using compression garments than in those 
without.18 Notably, in some patients, removal of the com
pression garment did not increase excess volume; instead, 
it decreased. Although the mechanism is not fully under
stood, one possibility is that removing the compression 
garment increased the use of the affected extremity and 
facilitated fluid clearance. Despite efforts to standardize 
compression, inter-individual differences in its effective
ness likely remain. Nevertheless, at the population level, a 
statistically significant reduction in the seven-day swelling 
volume was observed compared with baseline.

BCRL symptoms, such as heaviness, pain, tightness, 
weakness, and infections, negatively impact QoL,20–22

whereas VLNT is known to improve QoL by reducing 

swelling.23–25 Gratzon et al. reported a significant increase 
in lymphedema-specific QoL scores (p < 0.001) one year 
after VLNT,26 and De Brucker et al. found improvements 
across the physical, psychosocial, and social domains (p < 
0.001).23 Unlike earlier studies with shorter or inconsistent 
follow-up periods, our study used the LQOLI questionnaire 
annually for a three-year period. We found that Lymfactin® 
treatment significantly improved total LQOLI scores within 
the first year, with benefits maintained throughout the third 
year (p = 0.02). When examining the subdomain LQOLI 
scores, physical (p < 0.01) and psychosocial (p = 0.01) 
scores were significantly better 3 years after the procedure 
than before. Interestingly, patients who reduced compres
sion use after year one reported better LQOLI scores at 3 
years than those who continued using it regularly, sug
gesting a link between symptom relief and improved QoL.

This study demonstrated a significant reduction in upper 
extremity volume difference during the first postoperative 
year with compression garments (435.5 ml to 239.5 ml, p = 
0.03). However, no further improvement was observed 
thereafter, and the volume began to increase. The initial 
reduction was attributed to the removal of excess lym
phatic fluid before stabilization. The subsequent increase 
may reflect the natural course of chronic lymphedema, 
where soft tissue remodeling and fibrofatty tissue accumu
lation become predominant in the later stages. Given the 
wide variation in baseline BCRL severity (excess volume 
5–84%) and likelihood of fibrofatty changes in advanced 
cases—changes that are unresponsive to compression and 
not reversed by VLNT—full normalization is unlikely, as 
VLNT is most effective in early-stage lymphedema and does 
not target fibrofatty tissue.11,27,28 Previous studies have 
suggested that combining VLNT with liposuction can im
prove the outcomes in such patients.29,30 However, lipo
suction was not included in this study.

Participants wore compression garments for one year 
postoperatively, after which their use could be reduced 
based on symptom relief. The results showed that upper 
extremity volume differences began to increase after one 
year, suggesting that compression may be required for at 
least 2 years to maintain treatment benefits. At 3 years, 
only half of the participants continued using regular com
pression. Those who continued had larger preoperative vo
lume differences (889.8 ml vs. 375.2 ml) and significantly 
greater volume differences at the three-year follow-up 
(923.2 ± 551.7 ml vs. 317.8 ± 224.3 ml, p = 0.04). This 
finding supports the theory that fibrofatty changes are 
present in patients with greater baseline swelling. This in
terpretation is further supported by the fact that all pa
tients enrolled in the trial were required to have effective 
compression therapy at the time of screening, which meant 
that upper extremity swelling with pitting edema was not 
permitted. Additional support for this interpretation comes 
from the observation that some of these patients under
went liposuction after discontinuing the trial, which re
sulted in fibrotic adipose tissue. Overall, these findings 
suggest that VLNT is most effective in patients without 
advanced tissue changes, who are consequently more likely 
to reduce compression garment use postoperatively.

Two out of 12 patients (16.7%) developed distant me
tastases—one in the liver and brain and the other in the 
bones, which are common sites for breast cancer spread.31

S. Pajula, A. Saarikko, S. Suominen et al.  

8



These cases were likely due to the natural progression of 
breast cancer rather than the long-term oncological effects 
of Lymfactin® treatment. The five-year survival rate for 
early-stage breast cancer exceeds 90% but drops to 26% in 
de novo metastatic cases.32 Approximately 20–30% of pa
tients with breast cancer develop distant metastases, and 
3.5% present with them at diagnosis.33 Patients with high- 
risk disease were excluded from the study. Metastases were 
detected using CT imaging, as outlined in the study pro
tocol. Notably, no deaths or new malignancies occurred 
during follow-up, except for one case of basal cell carci
noma diagnosed within one year of the procedure.

This study has some limitations. The cohort size was rela
tively small, which may have limited the statistical power and 
generalizability of the findings. Efficacy data were obtained 
without a control group, making it impossible to separate the 
effects of VLNT from those of Lymfactin® in this Phase I trial, 
as all patients received both treatments. Notably, although 
median values change, the IQRs overlapped substantially, 
which may reflect population heterogeneity and small sample 
size, limiting statistical power and may mask clinically re
levant differences. Finally, it is important to recognize that 
BCRL is a multifocal disease in which lymphangiogenesis alone 
may not be sufficient in the late stages of disease progression 
as it involves tissue scarring and fatty changes that this ap
proach cannot fully reverse.

Conclusion

The combination of Lymfactin® gene therapy with VLNT ap
pears safe and well tolerated over a four-year period, with no 
serious VEGF-C-related AEs. Although overall volume did not 
consistently decline, patients experienced reduced fluctua
tions and improved QoL. Half of them could reduce or dis
continue compression, supporting the feasibility of combining 
gene therapy with microsurgery for lymphatic regeneration in 
BCRL. Although the trial ended early due to inconclusive Phase 
II results, these findings offer a valuable foundation for future 
studies across different stages of lymphedema.

Ethical approval

The research protocol was approved by the Ethical 
Committee of the Helsinki University Hospital. Clinical trial- 
gov NCT02994771.

Funding

The Lymfactin® phase I was supported by Herantis Pharma 
Plc. (Espoo Finland).

Declaration of Competing Interest

PH, SS, ES, IK, JK, TV, OL and AS have received honoraria for 
participating in advisory boards of Herantis Pharma Plc. 

(Espoo, Finland), which was responsible for trial manage
ment. The authors do not have financial disclosures to 
report.

Acknowledgements

We wish to thank the patients participating in this study, the 
study nurses, and operating room and plastic surgery ward 
personnel at all participating centers.

Appendix A. Supporting information

Supplementary data associated with this article can be 
found in the online version at doi:10.1016/j.bjps.2025. 
10.013.

References

1. DiSipio T, Rye S, Newman B, Hayes S. Incidence of unilateral 
arm lymphoedema after breast cancer: A systematic review 
and meta-analysis. Lancet Oncol 2013;14(6):500–15. https:// 
doi.org/10.1016/S1470-2045(13)70076-7.

2. Saaristo A, Karkkainen MJ, Alitalo K. Insights into the molecular 
pathogenesis and targeted treatment of lymphedema. Ann N Y 
Acad Sci 2002;979:94–110. https://doi.org/10.1111/j.1749- 
6632.2002.tb04871.x.

3. Yoon YS, Murayama T, Gravereaux E, et al. VEGF-C gene 
therapy augments postnatal lymphangiogenesis and amelio
rates secondary lymphedema. J Clin Investig 
2003;111(5):717–25. https://doi.org/10.1172/JCI15830.

4. Baumgartner I, Pieczek A, Manor O, et al. Constitutive ex
pression of phVEGF165 after intramuscular gene transfer pro
motes collateral vessel development in patients with critical 
limb ischemia. Circulation 1998;97(12):1114–23. https://doi. 
org/10.1161/01.cir.97.12.1114.

5. Saaristo A, Veikkola T, Tammela T, et al. Lymphangiogenic gene 
therapy with minimal blood vascular side effects. J Exp Med 
2002;196(6):719–30. https://doi.org/10.1084/jem.20020587.

6. Lähteenvuo M, Honkonen K, Tervala T, et al. Growth factor 
therapy and autologous lymph node transfer in lymphedema. 
Circulation 2011;123(6):613–20. https://doi.org/10.1161/ 
CIRCULATIONAHA.110.965384.

7. Tammela T, Holopainen T, Pitkonen M, et al. Therapeutic dif
ferentiation and maturation of lymphatic vessels after lymph 
node dissection and transplantation. Nat Med 
2007;13(12):1458–66. https://doi.org/10.1038/nm1689.

8. Visuri MT, Honkonen KM, Hartiala P, et al. VEGF-C and VEGF- 
C156S in the pro-lymphangiogenic growth factor therapy of 
lymphedema: a large animal study. Angiogenesis 
2015;18(3):313–26. https://doi.org/10.1007/s10456-015- 
9469-2.

9. Tervala TV, Hartiala P, Tammela T, et al. Growth factor therapy 
and lymph node graft for lymphedema. J Surg Res 
2015;196(1):200–7. https://doi.org/10.1016/j.jss.2015.02. 
031.

10. Hartiala P, Suominen S, Suominen E, et al. Phase 1 LymfactinⓇ 
Study: short-term safety of combined adenoviral VEGF-C and 
lymph node transfer treatment for upper extremity lymphe
dema. J Plast Reconstr Aesthet Surg 2020;73(9):1612–21. 
https://doi.org/10.1016/j.bjps.2020.05.009.

Journal of Plastic, Reconstructive & Aesthetic Surgery xxx (xxxx) xxx–xxx  

9

https://doi.org/10.1016/j.bjps.2025.10.013
https://doi.org/10.1016/j.bjps.2025.10.013
https://doi.org/10.1016/S1470-2045(13)70076-7
https://doi.org/10.1016/S1470-2045(13)70076-7
https://doi.org/10.1111/j.1749-6632.2002.tb04871.x
https://doi.org/10.1111/j.1749-6632.2002.tb04871.x
https://doi.org/10.1172/JCI15830
https://doi.org/10.1161/01.cir.97.12.1114
https://doi.org/10.1161/01.cir.97.12.1114
https://doi.org/10.1084/jem.20020587
https://doi.org/10.1161/CIRCULATIONAHA.110.965384
https://doi.org/10.1161/CIRCULATIONAHA.110.965384
https://doi.org/10.1038/nm1689
https://doi.org/10.1007/s10456-015-9469-2
https://doi.org/10.1007/s10456-015-9469-2
https://doi.org/10.1016/j.jss.2015.02.031
https://doi.org/10.1016/j.jss.2015.02.031
https://doi.org/10.1016/j.bjps.2020.05.009


11. Saaristo AM, Niemi TS, Viitanen TP, Tervala TV, Hartiala P, 
Suominen EA. Microvascular breast reconstruction and lymph 
node transfer for postmastectomy lymphedema patients. Ann 
Surg 2012;255(3):468–73. https://doi.org/10.1097/SLA. 
0b013e3182426757.

12. Sulo E, Hartiala P, Viitanen T, Mäki M, Seppänen M, Saarikko A. 
Risk of donor-site lymphatic vessel dysfunction after micro
vascular lymph node transfer. J Plast Reconstr Aesthet Surg 
2014;68(4):551–8. https://doi.org/10.1016/j.bjps.2014.11. 
016.

13. Leppäpuska IM, Hartiala P, Suominen S, et al. Phase 1 
Lymfactin® Study: 24-month efficacy and safety results of 
combined adenoviral VEGF-C and lymph node transfer treat
ment for upper extremity lymphedema. J Plast Reconstr 
Aesthet Surg 2022;75(11):3938–45. https://doi.org/10.1016/j. 
bjps.2022.08.011.

14. Viitanen TP, Visuri MT, Hartiala P, et al. Lymphatic vessel 
function and lymphatic growth factor secretion after micro
vascular lymph node transfer in lymphedema patients. Plast 
Reconstr Surg Glob Open 2013;1(2):1–9. https://doi.org/10. 
1097/GOX.0b013e318293a532.

15. Weiss M, Baumeister RGH, Hahn K. Post-therapeutic lymphe
dema: Scintigraphy before and after autologous lymph vessel 
transplantation: 8 years of long-term follow-up. Clin Nucl Med 
2002;27(11):788–92. https://doi.org/10.1097/00003072- 
200211000-00007.

16. Brorson H, Höijer P. Standardised measurements used to order 
compression garments can be used to calculate arm volumes to 
evaluate lymphoedema treatment. J Plast Surg Hand Surg 
2012;46(6):410–5. https://doi.org/10.3109/2000656X.2012. 
714785.

17. Klernäs P, Kristjanson LJ, Johansson K. Assessment of quality of 
life in lymphedema patients: validity and reliability of the 
Swedish version of the Lymphedema Quality of Life Inventory 
(LQOLI). Lymphology 2010;43(3):135–45.

18. Blom KY, Johansson KI, Nilsson-Wikmar LB, Brogårdh CB. Early 
intervention with compression garments prevents progression 
in mild breast cancer-related arm lymphedema: a randomized 
controlled trial. Acta Oncol 2022;61(7):897–905. https://doi. 
org/10.1080/0284186X.2022.2081932.

19. Johansson K, Blom K, Nilsson-Wikmar L, Brogårdh C. Early in
tervention with a compression sleeve in mild breast cancer- 
related arm lymphedema: a 12-month prospective observa
tional study. Cancers 2023;15(10):2674. https://doi.org/10. 
3390/cancers15102674.

20. Taghian NR, Miller CL, Jammallo LS, O’Toole J, Skolny MN. 
Lymphedema following breast cancer treatment and impact on 
quality of life: a review. Crit Rev Oncol Hematol 
2014;92(3):227–34. https://doi.org/10.1016/j.critrevonc. 
2014.06.004.

21. Morgan PA, Franks PJ, Moffatt CJ. Health-related quality of life 
with lymphoedema: a review of the literature. Int Wound J 
2005;2(1):47–62. https://doi.org/10.1111/j.1742-4801.2005. 
00066.x.

22. Zhang L, Zhang H, Zhong Q, et al. Predictors of quality of life in 
patients with breast cancer-related lymphedema: effect of 

age, lymphedema severity, and anxiety. Lymphat Res Biol 
2021;19(6):573–9. https://doi.org/10.1089/lrb.2020.0073.

23. De Brucker B, Zeltzer A, Seidenstuecker K, Hendrickx B, 
Adriaenssens N, Hamdi M. Breast cancer–related lymphedema: 
quality of life after lymph node transfer. Plast Reconstr Surg 
(1963) 2016;137(6):1673–80. https://doi.org/10.1097/PRS. 
0000000000002169.

24. Chang EI, Ibrahim A, Liu J, et al. Optimizing quality of life for 
patients with breast cancer-related lymphedema: a prospective 
study combining DIEP flap breast reconstruction and lymphedema 
surgery. Plast Reconstr Surg 2020;145(4):676e–85e. https://doi. 
org/10.1097/PRS.0000000000006634.

25. Lo Torto F, Kaciulyte J, Di Meglio F, Marcasciano M, Greco M, 
Ribuffo D. Orthotopic vascularized lymph node transfer in 
breast cancer-related lymphedema treatment: functional and 
life quality outcomes. Microsurgery 2024;44(2):e31147. 
https://doi.org/10.1002/micr.31147.

26. Gratzon A, Schultz J, Secrest K, Lee K, Feiner J, Klein RD. 
Clinical and psychosocial outcomes of vascularized lymph node 
transfer for the treatment of upper extremity lymphedema 
after breast cancer therapy. Ann Surg Oncol 
2017;24(6):1475–81. https://doi.org/10.1245/s10434-016- 
5614-4.

27. Ozturk CN, Ozturk C, Glasgow M, et al. Free vascularized lymph 
node transfer for treatment of lymphedema: a systematic evi
dence based review. J Plast Reconstr Aesthet Surg 
2016;69(9):1234–47. https://doi.org/10.1016/j.bjps.2016.06.022.

28. Rannikko EH, Suominen SH, Saarikko AM, et al. Long-term re
sults of microvascular lymph node transfer: correlation of 
preoperative factors and operation outcome. Plast Reconstr 
Surg Glob Open 2021;9(1):e3354. https://doi.org/10.1097/ 
GOX.0000000000003354.

29. Leppäpuska IM, Suominen E, Viitanen T, et al. Combined sur
gical treatment for chronic upper extremity lymphedema pa
tients: simultaneous lymph node transfer and liposuction. Ann 
Plast Surg 2019;83(3):308–17. https://doi.org/10.1097/SAP. 
0000000000001828.

30. Nicoli F, Constantinides J, Ciudad P, et al. Free lymph node 
flap transfer and laser-assisted liposuction: a combined tech
nique for the treatment of moderate upper limb lymphedema. 
Lasers Med Sci 2015;30(4):1377–85. https://doi.org/10.1007/ 
s10103-015-1736-3.

31. Xiao W, Zheng S, Yang A, et al. Breast cancer subtypes and the 
risk of distant metastasis at initial diagnosis: a population- 
based study. Cancer Manag Res 2018;10:5329–38. https://doi. 
org/10.2147/CMAR.S176763.

32. Allemani C, Matsuda T, Di Carlo V, et al. Global surveillance of 
trends in cancer survival 2000-14 (CONCORD-3): analysis of in
dividual records for 37 513 025 patients diagnosed with one of 
18 cancers from 322 population-based registries in 71 coun
tries. Lancet 2018;391(10125):1023–75. https://doi.org/10. 
1016/S0140-6736(17)33326-3.

33. Benitez Fuentes JD, Morgan E, de Luna Aguilar A, et al. Global 
stage distribution of breast cancer at diagnosis: a systematic 
review and meta-analysis. JAMA Oncol 2024;10(1):71–8. 
https://doi.org/10.1001/jamaoncol.2023.4837.

S. Pajula, A. Saarikko, S. Suominen et al.  

10

https://doi.org/10.1097/SLA.0b013e3182426757
https://doi.org/10.1097/SLA.0b013e3182426757
https://doi.org/10.1016/j.bjps.2014.11.016
https://doi.org/10.1016/j.bjps.2014.11.016
https://doi.org/10.1016/j.bjps.2022.08.011
https://doi.org/10.1016/j.bjps.2022.08.011
https://doi.org/10.1097/GOX.0b013e318293a532
https://doi.org/10.1097/GOX.0b013e318293a532
https://doi.org/10.1097/00003072-200211000-00007
https://doi.org/10.1097/00003072-200211000-00007
https://doi.org/10.3109/2000656X.2012.714785
https://doi.org/10.3109/2000656X.2012.714785
http://refhub.elsevier.com/S1748-6815(25)00596-0/sbref17
http://refhub.elsevier.com/S1748-6815(25)00596-0/sbref17
http://refhub.elsevier.com/S1748-6815(25)00596-0/sbref17
http://refhub.elsevier.com/S1748-6815(25)00596-0/sbref17
https://doi.org/10.1080/0284186X.2022.2081932
https://doi.org/10.1080/0284186X.2022.2081932
https://doi.org/10.3390/cancers15102674
https://doi.org/10.3390/cancers15102674
https://doi.org/10.1016/j.critrevonc.2014.06.004
https://doi.org/10.1016/j.critrevonc.2014.06.004
https://doi.org/10.1111/j.1742-4801.2005.00066.x
https://doi.org/10.1111/j.1742-4801.2005.00066.x
https://doi.org/10.1089/lrb.2020.0073
https://doi.org/10.1097/PRS.0000000000002169
https://doi.org/10.1097/PRS.0000000000002169
https://doi.org/10.1097/PRS.0000000000006634
https://doi.org/10.1097/PRS.0000000000006634
https://doi.org/10.1002/micr.31147
https://doi.org/10.1245/s10434-016-5614-4
https://doi.org/10.1245/s10434-016-5614-4
https://doi.org/10.1016/j.bjps.2016.06.022
https://doi.org/10.1097/GOX.0000000000003354
https://doi.org/10.1097/GOX.0000000000003354
https://doi.org/10.1097/SAP.0000000000001828
https://doi.org/10.1097/SAP.0000000000001828
https://doi.org/10.1007/s10103-015-1736-3
https://doi.org/10.1007/s10103-015-1736-3
https://doi.org/10.2147/CMAR.S176763
https://doi.org/10.2147/CMAR.S176763
https://doi.org/10.1016/S0140-6736(17)33326-3
https://doi.org/10.1016/S0140-6736(17)33326-3
https://doi.org/10.1001/jamaoncol.2023.4837

	Lymfactin® gene therapy with vascularized lymph node transfer reduces compression-free swelling and enhances quality of life...
	Methods
	Study protocol
	Operative technique and administration of Lymfactin®
	Study visits and data collection
	Volume measurements of extremities
	Lymphedema quality of life inventory

	Statistical analysis
	Results
	Excess volume with a compression garment
	Excess volume without a compression garment
	Seven-day swelling volume
	Lymphoscintigraphy
	Lymphedema quality of life inventory
	Compression garments
	Volume measurements and clinical symptoms of the donor limb
	CT scan
	Safety profile

	Discussion
	Conclusion
	Ethical approval
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Appendix A. Supporting information
	References




