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Purpose: Secondary lymphedema is a common complication of cancer

treatment for which no effective drug treatments yet exist. Level I clinical

data suggests that doxycycline is effective for treating filariasis-induced

lymphedema, in which it decreases tissue edema and skin abnormalities;

however, this treatment has not been tested for cancer-related

lymphedema. Over the past year, we used doxycycline in an off-label

manner in patients with breast cancer-related secondary lymphedema. The

purpose of this report was to retrospectively analyze the efficacy of this

treatment.

Methods: Patients who presented to our lymphedema clinic between January

2021 and January 2022 were evaluated, and barring allergies or

contraindications to doxycycline treatment, were counseled on the off-label

use of this treatment. Patients who wished to proceed were treated with

doxycycline (200mg given orally once daily) for 6 weeks. After IRB approval

of this study, lymphedema outcomes were retrospectively reviewed.

Results: Seventeen patients with a mean follow-up of 17.0 ± 13.2 weeks were

identified in our retrospective review. Although doxycycline treatment had no

significant effect on relative limb volume change or L-Dex scores, we found a

significant improvement in patient-reported quality of life. Analysis of patient

responses to the Lymphedema Life Impact Scale showed a significant

improvement in the total impairment score due to improvements in the

physical and psychological well-being subscales (p = 0.03, p = 0.03, p =

0.04, respectively).

Conclusion: This small, retrospective study did not show significant

improvements in limb volume or L-Dex scores in patients with breast

cancer-related lymphedema treated with doxycycline. However, our patients

reported improvements in quality-of-life measures using a validated

lymphedema patient-reported outcome instrument. Our results suggest that

doxycycline may be of use in patients with breast cancer-related lymphedema;

however, larger and more rigorous studies are needed.
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1 Introduction

Lymphedema is a progressive disease characterized by

chronic inflammation and fibroadipose tissue deposition.

(Rockson and Rivera, 2008; Li et al., 2020). The most

common cause of lymphedema in developed countries is

cancer treatment. (Rockson and Rivera, 2008). An estimated

10%–30% of patients treated for a solid tumor go on to develop

lymphedema. (Cormier et al., 2010). Other causes of secondary

lymphedema include parasitic infections and obesity. (Mehrara

and Greene, 2014). Patients who develop secondary lymphedema

have progressive limb swelling, decreased quality of life, and, in

some cases, recurrent skin infections. (Armer et al., 2004;

Rockson, 2018).

The mainstays of lymphedema treatment are compression

garments and decongestive therapy. (Dayan et al., 2018).

These treatments are time-intensive, expensive, and require

life-long compliance. Lifestyle changes such as weight loss and

exercise are also effective but not always feasible in all patients.

(Keith et al., 2020). Surgical treatments have also recently

gained favor, and, in some cases these approaches have

excellent outcomes. (Chang et al., 2021). However, surgery

can cause morbidity and is not an option for all patients. Also,

some surgical treatments are complex and require care at

specialized centers. Experimental treatments have attempted

to improve lymphatic function by delivering lymphangiogenic

growth factors or anti-inflammatory agents, but studies of

their efficacy have generally been inconclusive. (Lai et al.,

2002; Saaristo et al., 2002; Szuba et al., 2002; Yoon et al., 2003;

Cheung et al., 2006; Tammela et al., 2007; Liu et al., 2008;

Conrad et al., 2009; Jin et al., 2009; Hwang et al., 2011;

Lähteenvuo et al., 2011; Yan et al., 2011; Sommer et al.,

2012; Honkonen et al., 2013; Kim et al., 2013;

Schindewolffs et al., 2014; Hadamitzky et al., 2016; Huang

et al., 2016; Rockson et al., 2018; Hartiala et al., 2020a;

Ahmadzadeh et al., 2020; Hartiala et al., 2020b; Nguyen

et al., 2021a; Nguyen et al., 2021b; HerantisPharmaPlc,

2021; Mehrara et al., 2021). Thus, developing novel

treatments for lymphedema is an important goal.

A randomized, placebo-controlled clinical trial in 162 patients

with filariasis-induced secondary lymphedema showed that

doxycycline was effective for decreasing lymphedema stage and

skin thickness. (Mand et al., 2012). Patients were treated with

doxycycline (200 mg/day) or amoxicillin (1,000 mg/day) or

placebo for 6 weeks per year and followed for 24 months. Nearly

44% of patients treatedwith doxycycline had significant reductions in

lymphedema severity; in contrast, improvements were observed in

only 3.2% and 5.6% of patients treated with amoxicillin or placebo,

respectively. Doxycycline administration halted disease progression

in 58.5% and decreased disease stage in 36.6% of patients; only 4.9%

of patients exhibited evidence of disease progression. In contrast, only

3.2% of patients treated with amoxicillin showed improvement;

67.7% had no change in presentation and 29% experienced

progression. (Mand et al., 2012). Another double-blind, placebo-

controlled randomized trial including 51 patients showed a decrease

in lymphatic vessel dilatation and improvements in disease stage, skin

texture, and skin folds 12 and 24months after treatment with

doxycycline. (Debrah et al., 2006). Doxycycline-treated patients

also had decreased mean plasma levels of VEGF-C and soluble

VEGFR3. Importantly, preclinical studies have shown that the

beneficial effects of doxycycline may be related to its anti-

inflammatory and anti-T helper cell effects rather than antibiotic

treatment of filariasis, as treatment with other antibiotics were

ineffective. (Furlong-Silva et al., 2021). A recent mouse study

suggested that doxycycline targets multiple aspects of the type

2 inflammatory lymphangiogenic axis, in addition to direct

inhibition of VEGF-mediated lymphatic endothelial proliferation.

Doxycycline reduced expression of Th2 cytokines secretions (IL-3,

IL-4, IL-9, and IL-5), inhibited monocyte recruitment, and decreased

macrophage activation. (Furlong-Silva et al., 2021).

Studies from our lab and others have shown that the

pathophysiology of cancer-related secondary lymphedema, like

filariasis, is related to Th2 immune responses. (Zampell et al.,

2012; GarcíaNores et al., 2018). Based on this rationale, we used

doxycycline in an off-label manner in patients with breast cancer-

related secondary lymphedema who presented to our clinic over

the last year. The purpose of this report was to retrospectively

assess the efficacy of this treatment.

2 Methods

Patients who presented to our clinic between January 2021 and

January 2022 were evaluated, and barring allergies or

contraindications to doxycycline treatment, were counseled on

the off-label use of this treatment. Patients with upper extremity

lymphedema with volume difference of ≥5%who wished to proceed

were treated with doxycycline (200 mg, administered orally once a

day for 6 weeks). This treatment protocol was selected based on

previously published randomized control trials for lymphedema

resulting from filariasis and labeling of the drug with the U.S. Food

and Drug Administration (FDA). (Mand et al., 2012; Doxycycline

hyclate, 2022). Lymphedema severity was clinically measured by

manual volume measurements, bioimpedance, and a lymphedema-

specific quality of life (QOL) questionnaire (see below) before

initiating treatment and within 3 months of doxycycline

administration. Doxycycline-related side effects were recorded in

the electronic medical record. Patients for whom measurements

before or after treatment were not available were excluded from

analysis.

2.1 Limb volume, bioimpedance

Limb circumference was recorded at 4-cm intervals from the

wrist and 44 cm proximally and limb volume was calculated
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TABLE 1 Demographic and clinical characteristics of patients with lymphedema treated with doxycycline.

Patient Age (years) Body
mass
index
(kg/
m2)

Ethnicity Time
since
lymph
node
dissection
(months)

Duration
of lymphedema
(months)

Breast-
cancer
status

History
of cellulitis
(No.
of episodes)

History
of chemotherapy

History
of radiation

History
of cardiovascular
disease

1 59 28.5 n/a 96 36 Nonactive 0 Yes Yes No

2 55 25.1 Caucasian 113 6 Nonactive 0 Yes Yes No

3 42 23.3 Caucasian 59 2 Nonactive 2 Yes Yes No

4 71 19.5 Caucasian 301 120 Nonactive 0 Yes Yes No

5 52 28.2 African American 33 6 Nonactive 0 Yes Yes No

6 71 25.4 Caucasian 75 56 Nonactive 0 Yes Yes Left Ventricular Hypertrophy (LVH)

7 50 26.5 Caucasian 100 84 Nonactive 0 Yes Yes No

8 46 22.9 Caucasian 12 12 Nonactive 0 Yes Yes No

9 52 25.6 Asian 56 41 Nonactive 0 Yes Yes No

10 61 27.9 Caucasian 79 18 Nonactive 0 No Yes No

11 59 27.3 Caucasian 101 13 Active 0 Yes Yes No

12 52 29.2 Caucasian 19 14 Nonactive 0 Yes Yes No

13 52 19.7 Caucasian 48 44 Nonactive 2 Yes Yes No

14 29 26.1 Caucasian 0 0 Active 0 Yes No No

15 50 22.1 Caucasian 14 5 Nonactive 0 Yes Yes No

16 56 29.9 Caucasian 32 10 Nonactive 4 Yes Yes No

17 57 27.5 Caucasian 60 31 Nonactive 0 Yes Yes No
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using the truncated cone formula. (Brorson and Höijer, 2012).

Bioimpedance was recorded using the SOZO bioimpedance

spectroscopy (BIS) device (Impedimed, Brisbane, Australia).

Bioimpedance spectroscopy extrapolates the extracellular fluid

content by measuring electrical impedance across each limb,

which is then normalized to yield an L-Dex score. (Coroneos

et al., 2019).

2.2 Patient-reported outcome measures

Lymphedema effects on quality of life were measured using

the Lymphedema Life Impact Scale (LLIS version 2). (Weiss and

Daniel, 2015). The LLIS includes 18 questions measuring

physical, psychological, and functional domains with a look-

back period of 1 week. Scores are presented for each domain and

for overall impairment (%). A lower score in the LLIS is

consistent with better QOL.

2.3 Statistical analysis

Statistical analysis was conducted using GraphPad Prism

software v.9.2.0. Normal distribution of the data was assessed

using the Shapiro-Wilk test. Pre- and post-treatment values for

limb volume and L-Dex and LLIS scores were compared using a

matched Student’s t-test with a p value of <0.05 considered

significant. Post-hoc power analysis was performed using

G*Power software. (Faul et al., 2007).

3 Results

We identified 17 patients with stage II breast cancer-related

upper extremity secondary lymphedema (BCRL) who had

measurements before and after off-label doxycycline treatment

during the study period (Table 1). All patients were female and

were not treated with other treatments including other anti-

inflammatory medications during the follow up period. The

mean follow-up time after doxycycline treatment was 17.0 ±

13.2 weeks. No severe adverse reactions were recorded during the

course of treatment, though as expected, a few patients

experienced mild gastrointestinal discomfort.

Lymphedema stage did not change following doxycycline

administration in any patient in this cohort. Median limb volume

differential among all patients did not change after doxycycline

treatment (Figure 1A). While eight patients had decreased limb

volume after doxycycline, nine patients had either no change or

increased arm volume. In contrast, L-Dex values decreased by

19% after doxycycline treatment, indicating lower fluid content,

although this difference did not reach statistical significance (p =

0.059; Figure 1B). L-Dex values were decreased in 12 patients and

did not change or increased in the remaining five patients.

The mean total impairment score, a composite of the three

submodules of the LLIS, significantly improved with treatment

(14% decrease; p = 0.03, Figure 2A, left). At an individual level,

13 patients showed improved (lower) scores while four had no

change or worse (higher) scores (Figure 2A, right). The average

pre-to post-treatment difference was −7.7 ± 12.4 points.

Improvement in QOL following doxycycline treatment

reflected lower scores in the physical and psychological

subscales (Figures 2B,C (left panels); p = 0.03 and p = 0.04,

respectively). In contrast, we found no effects of doxycycline on

the functional subscale (Figure 2D). Within the physical domain,

we noted that eight patients had improved scores while nine

either showed no change or were slightly worse (Figure 2B, right).

The average pre-to post-treatment physical score difference

was −1.9 ± 3.3 points. Within the psychological domain,

FIGURE 1
Limb volume differential and L-Dex scores before and after
treatment with doxycycline. (A) Left: Limb volume differential (%)
pre- and post-treatment. Right:Change in limb volume differential
for each patient. (B) Left: L-DEX scores pre-and post-
treatment. Right:Change in L-Dex score for each patient. Each dot
represents a single patient. p values calculated by matched t-test.
Bars indicate the mean and error bars the standard deviation.
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11 patients had improved scores while six showed no change or

modestly worse scores (Figure 2C, right). The average change in

the psychological domain was -2.1 ± 3.8 points.

The effect size for volume in our post hoc power analysis was

0.002, the effect size for L-Dex was 0.34, and the effect size for

LLIS total impairment score was 0.37.

4 Discussion

In this small retrospective study, we found that a 6-week

course of doxycycline had no effect on limb volume or limb fluid

content as measured by bioimpedance (L-Dex values) but did

improve physical and psychological well-being. Our findings

contrast with previous studies in which doxycycline was used

to treat filariasis-induced lymphedema in which stage and skin

changes improved following treatment. (Debrah et al., 2006;

Mand et al., 2012). Several differences between our study and

reports on the use of doxycycline for filariasis-induced

lymphedema could explain the discrepancy in our findings.

The most important difference is the definition of

lymphedema and assessment of lymphedema stage in our

study. In the study by Mand et al., lymphedema stage was

reported on a 5-point scale based on ultrasound analysis of

ankle skin thickness. (Mand et al., 2012). In contrast, we used

the International Society of Lymphology (ISL) staging system, a

3-point staging system that is commonly used for cancer-related

secondary lymphedema and relies primarily on clinical criteria

and pitting edema. Ultrasound staging is likely more accurate

and objective for assessing subcutaneous tissue edema compared

with physical exam alone. In addition, a 5-point system has a

greater potential for discrimination than a 3-point staging

system. Together, our studies and those in filariasis-induced

lymphedema suggest that doxycycline may not affect overall

limb volume, but may cause more subtle changes in tissue

edema. The short period of administration may limit

doxycycline’s potential to decrease lymphedema-induced

adipose deposition. This concept is supported by other studies

demonstrating histological skin changes or differences in skin

stiffness without significant effects on limb volume following

FIGURE 2
Lymphedema Life Impact Scale (LLIS) scores before and after treatment with doxycycline. (A) LLIS total impairment score. (B) LLIS physical
domain score (C) LLIS psychological score. (D) LLIS functional score pre- and post-treatment. In each panel, the left graph illustrates pre- and post-
treatment scores and the right shows change in score. Each dot represents a single patient. p-values calculated by matched t-test. Bars indicate the
mean and error bars the standard deviation.
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treatment with anti-inflammatory medications. (Rockson et al.,

2018; Mehrara et al., 2021).

Bioimpedance (L-Dex score) is thought to be more sensitive

to tissue edema changes compared with volume differentials,

leading some authors to suggest that this method should be used

to diagnose early-stage lymphedema. (Laidley and Anglin, 2016).

Consistent with this, we found that doxycycline treatment

resulted in modest decreases in L-Dex values. Although these

decreases did not achieve statistical significance, post-hoc

analysis of our data suggests that the effect size of doxycycline

treatment is modest (0.25) and that our sample size provides a

relatively low discriminatory power (β = 0.21). Thus, larger

studies are needed to analyze the effects of doxycycline on

limb fluid content in a more rigorous manner.

Previous studies have not analyzed patient-reported

outcomes (PROs) following doxycycline treatment for

lymphedema. This is important because secondary

lymphedema decreases quality of life and has measurable

impact on patients’ physical, psychological, and social well-

being. (Beaulac et al., 2002; Heiney et al., 2007; Dayan et al.,

2018). Interestingly, we and others have shown that the

magnitude of changes in the physical domain only weakly

correlate with limb volume, suggesting that limb volume may

not be the best indicator of treatment outcome. (Wiser et al.,

2020). Consistent with this, we found that even though

doxycycline treatment had no effect on limb volumes, drug

therapy significantly improved the overall total LLIS

impairment score and the physical and psychological

subscales of the LLIS. In contrast, we noted no significant

change in the functional score. The effect size noted in the

total impairment score was 0.75 and our post hoc β was 0.82,

suggesting that a larger sample (e.g., 25 patients) would provide a

95% chance of observing a statistically significant effect from

doxycycline treatment. Our finding that doxycycline can improve

quality of life without significant effects on limb volume are

consistent with a previous phase I clinical trial at our center

showing similar findings after anti-Th2 immunotherapy.

(Mehrara et al., 2021). Thus, it is possible that PRO measures

are more sensitive to microscopic changes such as improvements

in skin quality or abnormal sensations in areas of skin with

dermal backflow of lymphatic fluid than physical measures such

as limb volume.

It is also possible that improvements in PRO measures noted

in our study are merely a placebo effect of treatment. The

mechanisms underlying the placebo effect and how it can be

applied to enhance the benefit of conventional treatments have

been widely explored over the past 2 decades. Several meta-

analyses of studies on patients treated for depression and

anxiety have shown that placebo response may be as high as

57%–82%. (Turner et al., 2008; Khin et al., 2011; Kirsch, 2019).

Thus, future studies of doxycycline for lymphedema should

include a control arm to account for placebo effects.

Our study has several limitations, mainly the off-label use

and retrospective methodology.While the relatively small sample

size of our study is another limitation which decreases the

statistical power of our analysis, our study does provide an

estimate of the effect size of doxycycline treatment and may

therefore serve as the basis for the design of future trials. Finally,

limb volume and ISL stage are coarse measures of lymphedema

outcomes. Future studies with larger sample size are indicated to

better evaluate the independent variables that may predict both

success and failure with doxycycline treatment in order to better

define inclusion and exclusion criteria and minimize the

potential for bias. More objective and sensitive measures such

as ultrasound, trans-epidermal water loss, skin stiffness, skin

water content, histology, and PROs should be used to fully

determine the role of doxycycline in lymphedema treatment.

5 Conclusion

This small, retrospective study did not show significant

improvements in limb volume or L-Dex scores in patients

with breast cancer-related lymphedema after treatment with

doxycycline. However, our patients did report improvements

in QOL measures, including significant improvement in the

overall total LLIS impairment score as well as the physical

and psychological subscales. These findings suggest that larger,

prospective, randomized placebo-controlled studies may be

indicated to better define the role of doxycycline in the

treatment of cancer-related lymphedema.

Data availability statement

The raw data supporting the conclusion of this article

will be made available by the authors, without undue

reservation.

Ethics statement

The studies involving human participants were reviewed and

approved by Memorial sloan kettering cancer center. Written

informed consent for participation was not required for this

study in accordance with the national legislation and the

institutional requirements.

Author contributions

SB and BM took the lead in writing the manuscript with

input from all authors. All authors provided critical feedback and

helped shape the manuscript.

Frontiers in Pharmacology frontiersin.org06

Brown et al. 10.3389/fphar.2022.1028926

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1028926


Funding

This research was funded in part through

the NIH/NCI Cancer Center Support Grant No.

P30CA008748, NIH/NHLBI R01 grant (R01HL111130), the

Emerson Collective, and a Tri-Institutional Stem Cell

Initiative grant.

Conflict of interest

BJM is an advisor to PureTech Corp and the recipient of an

investigator-initiated research award from Regeneron Corp.

JHD. is an advisor to Stryker Corporation, is on the board of

WelwazeMedical LLC and has a royalty agreement with Springer

publishers for the book: Multimodal Treatment of Upper and

Lower Extremity Lymphedema.

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

Ahmadzadeh, N., Robering, J. W., Kengelbach-Weigand, A., Al-Abboodi, M.,
Beier, J. P., Horch, R. E., et al. (2020). Human adipose-derived stem cells support
lymphangiogenesis in vitro by secretion of lymphangiogenic factors. Exp. Cell. Res.
388, 111816. doi:10.1016/j.yexcr.2020.111816

Armer, J., Fu, M. R., Wainstock, J. M., Zagar, E., and Jacobs, L. K. (2004).
Lymphedema following breast cancer treatment, including sentinel lymph node
biopsy. Lymphology 37, 73–91.

Beaulac, S. M., McNair, L. A., Scott, T. E., LaMorte, W. W., and Kavanah, M. T.
(2002). Lymphedema and quality of life in survivors of early-stage breast cancer.
Arch. Surg. 137, 1253–1257. doi:10.1001/archsurg.137.11.1253

Brorson, H., and Höijer, P. (2012). Standardised measurements used to order
compression garments can be used to calculate arm volumes to evaluate
lymphoedema treatment. J. Plast. Surg. Hand Surg. 46, 410–415. doi:10.3109/
2000656X.2012.714785

Chang, D. W., Dayan, J., Greene, A. K., MacDonald, J. K., Masia, J., Mehrara, B.,
et al. (2021). Surgical treatment of lymphedema: A systematic review and meta-
analysis of controlled trials. Results of a consensus conference. Plast. Reconstr. Surg.
147, 975–993. doi:10.1097/PRS.0000000000007783

Cheung, L., Han, J., Beilhack, A., Joshi, S., Wilburn, P., Dua, A., et al. (2006). An
experimental model for the study of lymphedema and its response to therapeutic
lymphangiogenesis. BioDrugs 20, 363–370. doi:10.2165/00063030-200620060-
00007

Conrad, C., Niess, H., Huss, R., Huber, S., von Luettichau, I., Nelson, P. J., et al.
(2009). Multipotent mesenchymal stem cells acquire a lymphendothelial phenotype
and enhance lymphatic regeneration in vivo. Circulation 119, 281–289. doi:10.1161/
CIRCULATIONAHA.108.793208

Cormier, J. N., Askew, R. L., Mungovan, K. S., Xing, Y., Ross, M. I., and Armer,
J. M. (2010). Lymphedema beyond breast cancer: A systematic review and meta-
analysis of cancer-related secondary lymphedema. Cancer 116, 5138–5149. doi:10.
1002/cncr.25458

Coroneos, C. J., Wong, F. C., DeSnyder, S. M., Shaitelman, S. F., and Schaverien,
M. V. (2019). Correlation of L-dex bioimpedance spectroscopy with limb volume
and lymphatic function in lymphedema. Lymphat. Res. Biol. 17, 301–307. doi:10.
1089/lrb.2018.0028

Dayan, J. H., Ly, C. L., Kataru, R. P., and Mehrara, B. J. (2018). Lymphedema:
Pathogenesis and novel therapies. Annu. Rev. Med. 69, 263–276. doi:10.1146/
annurev-med-060116-022900

Debrah, A. Y., Mand, S., Specht, S., Marfo-Debrekyei, Y., Batsa, L., Pfarr, K., et al.
(2006). Doxycycline reduces plasma VEGF-C/sVEGFR-3 and improves pathology
in lymphatic filariasis. PLoS Pathog. 2, e92. doi:10.1371/journal.ppat.0020092

Doxycycline hyclate (2022) Prescribing information. Available at: https://www.
accessdata.fda.gov/drugsatfda_docs/label/2008/050795s005lbl.pdf (Accessed
October 2, 2022).

Faul, F., Erdfelder, E., Lang, A. G., and Buchner, A. (2007). G*Power 3: A flexible
statistical power analysis program for the social, behavioral, and biomedical
sciences. Behav. Res. Methods 39, 175–191. doi:10.3758/bf03193146

Furlong-Silva, J., Cross, S. D., Marriott, A. E., Pionnier, N., Archer, J., Steven, A.,
et al. (2021). Tetracyclines improve experimental lymphatic filariasis pathology by
disrupting interleukin-4 receptor-mediated lymphangiogenesis. J. Clin. Invest. 131,
140853. doi:10.1172/JCI140853

García Nores, G. D., Ly, C. L., Cuzzone, D. A., Kataru, R. P., Hespe, G. E., Torrisi,
J. S., et al. (2018). CD4(+) T cells are activated in regional lymph nodes and migrate
to skin to initiate lymphedema. Nat. Commun. 9, 1970. doi:10.1038/s41467-018-
04418-y

Hadamitzky, C., Zaitseva, T. S., Bazalova-Carter, M., Paukshto, M. V., Hou, L.,
Strassberg, Z., et al. (2016). Aligned nanofibrillar collagen scaffolds - guiding
lymphangiogenesis for treatment of acquired lymphedema. Biomaterials 102,
259–267. doi:10.1016/j.biomaterials.2016.05.040

Hartiala, P., Lahdenperä, O., Vuolanto, A., and Saarikko, A. (2020). Abstract
OT1-06-01: Lymfactin, an investigational adenoviral gene therapy expressing
VEGF-C, is currently studied in a double-blind, randomized, placebo-controlled,
multicenter, phase 2 clinical study in patients suffering from breast cancer
associated secondary lymphedema (BCAL). Cancer Res. 80, OT1-06-01. doi:10.
1158/1538-7445.sabcs19-ot1-06-01

Hartiala, P., Suominen, S., Suominen, E., Kaartinen, I., Kiiski, J., Viitanen, T.,
et al. (2020). Phase 1 Lymfactin(Ⓡ) study: Short-term safety of combined
adenoviral VEGF-C and lymph node transfer treatment for upper extremity
lymphedema. J. Plast. Reconstr. Aesthet. Surg. 73, 1612–1621. doi:10.1016/j.
bjps.2020.05.009

Heiney, S. P., McWayne, J., Cunningham, J. E., Hazlett, L. J., Parrish, R. S., Bryant,
L. H., et al. (2007). Quality of life and lymphedema following breast cancer.
Lymphology 40, 177–184.

Herantis Pharma Plc (2021) Herantis announces inconclusive results from phase
II study with lymfactin in breast cancer related lymphedema ®. Available at: https://
herantis.com/press-releases/herantis-announces-inconclusive-results-from-phase-
ii-study-with-lymfactin-in-breast-cancer-related-lymphedema/ (Accessed
November 8, 2021).

Honkonen, K. M., Visuri, M. T., Tervala, T. V., Halonen, P. J., Koivisto, M.,
Lahteenvuo, M. T., et al. (2013). Lymph node transfer and perinodal lymphatic
growth factor treatment for lymphedema. Ann. Surg. 257, 961–967. doi:10.1097/
SLA.0b013e31826ed043

Huang, J. J., Gardenier, J. C., Hespe, G. E., Garcia Nores, G. D., Kataru, R. P., Ly,
C. L., et al. (2016). Lymph node transplantation decreases swelling and restores
immune responses in a transgenic model of lymphedema. PloS one 11, e0168259.
doi:10.1371/journal.pone.0168259

Hwang, J. H., Kim, I. G., Lee, J. Y., Piao, S., Lee, D. S., Lee, T. S.,
et al. (2011). Therapeutic lymphangiogenesis using stem cell and VEGF-C
hydrogel. Biomaterials 32, 4415–4423. doi:10.1016/j.biomaterials.2011.
02.051

Jin, D. P., An, A., Liu, J., Nakamura, K., and Rockson, S. G. (2009). Therapeutic
responses to exogenous VEGF-C administration in experimental lymphedema:
Immunohistochemical and molecular characterization. Lymphat. Res. Biol. 7,
47–57. doi:10.1089/lrb.2009.0002

Frontiers in Pharmacology frontiersin.org07

Brown et al. 10.3389/fphar.2022.1028926

https://doi.org/10.1016/j.yexcr.2020.111816
https://doi.org/10.1001/archsurg.137.11.1253
https://doi.org/10.3109/2000656X.2012.714785
https://doi.org/10.3109/2000656X.2012.714785
https://doi.org/10.1097/PRS.0000000000007783
https://doi.org/10.2165/00063030-200620060-00007
https://doi.org/10.2165/00063030-200620060-00007
https://doi.org/10.1161/CIRCULATIONAHA.108.793208
https://doi.org/10.1161/CIRCULATIONAHA.108.793208
https://doi.org/10.1002/cncr.25458
https://doi.org/10.1002/cncr.25458
https://doi.org/10.1089/lrb.2018.0028
https://doi.org/10.1089/lrb.2018.0028
https://doi.org/10.1146/annurev-med-060116-022900
https://doi.org/10.1146/annurev-med-060116-022900
https://doi.org/10.1371/journal.ppat.0020092
https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/050795s005lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2008/050795s005lbl.pdf
https://doi.org/10.3758/bf03193146
https://doi.org/10.1172/JCI140853
https://doi.org/10.1038/s41467-018-04418-y
https://doi.org/10.1038/s41467-018-04418-y
https://doi.org/10.1016/j.biomaterials.2016.05.040
https://doi.org/10.1158/1538-7445.sabcs19-ot1-06-01
https://doi.org/10.1158/1538-7445.sabcs19-ot1-06-01
https://doi.org/10.1016/j.bjps.2020.05.009
https://doi.org/10.1016/j.bjps.2020.05.009
https://herantis.com/press-releases/herantis-announces-inconclusive-results-from-phase-ii-study-with-lymfactin-in-breast-cancer-related-lymphedema/
https://herantis.com/press-releases/herantis-announces-inconclusive-results-from-phase-ii-study-with-lymfactin-in-breast-cancer-related-lymphedema/
https://herantis.com/press-releases/herantis-announces-inconclusive-results-from-phase-ii-study-with-lymfactin-in-breast-cancer-related-lymphedema/
https://doi.org/10.1097/SLA.0b013e31826ed043
https://doi.org/10.1097/SLA.0b013e31826ed043
https://doi.org/10.1371/journal.pone.0168259
https://doi.org/10.1016/j.biomaterials.2011.02.051
https://doi.org/10.1016/j.biomaterials.2011.02.051
https://doi.org/10.1089/lrb.2009.0002
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1028926


Keith, L., Rowsemitt, C., and Richards, L. G. (2020). Lifestyle modification group
for lymphedema and obesity results in significant health outcomes. Am. J. Lifestyle
Med. 14, 420–428. doi:10.1177/1559827617742108

Khin, N. A., Chen, Y. F., Yang, Y., Yang, P., and Laughren, T. P. (2011).
Exploratory analyses of efficacy data from major depressive disorder trials
submitted to the US Food and Drug Administration in support of new drug
applications. J. Clin. Psychiatry 72, 464–472. doi:10.4088/JCP.10m06191

Kim, I. G., Lee, J. Y., Lee, D. S., Kwon, J. Y., and Hwang, J. H. (2013).
Extracorporeal shock wave therapy combined with vascular endothelial growth
factor-C hydrogel for lymphangiogenesis. J. Vasc. Res. 50, 124–133. doi:10.1159/
000343699

Kirsch, I. (2019). Placebo effect in the treatment of depression and anxiety. Front.
Psychiatry 10, 407. doi:10.3389/fpsyt.2019.00407

Lähteenvuo, M., Honkonen, K., Tervala, T., Tammela, T., Suominen, E.,
Lahteenvuo, J., et al. (2011). Growth factor therapy and autologous lymph node
transfer in lymphedema. Circulation 123, 613–620. doi:10.1161/
CIRCULATIONAHA.110.965384

Lai, C. M., Lai, Y. K., and Rakoczy, P. E. (2002). Adenovirus and adeno-associated
virus vectors. DNA Cell. Biol. 21, 895–913. doi:10.1089/104454902762053855

Laidley, A., and Anglin, B. (2016). The impact of L-dex(®) measurements in
assessing breast cancer-related lymphedema as part of routine clinical practice.
Front. Oncol. 6, 192. doi:10.3389/fonc.2016.00192

Li, C. Y., Kataru, R. P., and Mehrara, B. J. (2020). Histopathologic features of
lymphedema: A molecular review. Int. J. Mol. Sci. 21, 2546. doi:10.3390/
ijms21072546

Liu, Y., Fang, Y., Dong, P., Gao, J., Liu, R., Hhahbaz, M., et al. (2008). Effect of
vascular endothelial growth factor C (VEGF-C) gene transfer in rat model of
secondary lymphedema. Vasc. Pharmacol. 49, 150–156. doi:10.1016/j.vph.2008.
01.010

Mand, S., Debrah, A. Y., Klarmann, U., Batsa, L., Marfo-Debrekyei, Y., Kwarteng,
A., et al. (2012). Doxycycline improves filarial lymphedema independent of active
filarial infection: A randomized controlled trial. Clin. Infect. Dis. 55, 621–630.
doi:10.1093/cid/cis486

Mehrara, B. J., and Greene, A. K. (2014). Lymphedema and obesity: Is there a
link? Plast. Reconstr. Surg. 134, 154e–160e. doi:10.1097/PRS.0000000000000268

Mehrara, B. J., Park, H. J., Kataru, R. P., Bromberg, J., Coriddi, M., Baik, J. E., et al.
(2021). Pilot study of anti-Th2 immunotherapy for the treatment of breast cancer-related
upper extremity lymphedema. Biology 10, 934. doi:10.3390/biology10090934

Nguyen, D. H., Zhou, A., Posternak, V., and Rochlin, D. H. (2021). Nanofibrillar
collagen scaffold enhances edema reduction and formation of new lymphatic
collectors after lymphedema surgery. Plast. Reconstr. Surg. 148, 1382–1393.
doi:10.1097/PRS.0000000000008590

Nguyen, D., Zaitseva, T. S., Zhou, A., Rochlin, D., Sue, G., Deptula, P., et al.
(2021). Lymphatic regeneration after implantation of aligned nanofibrillar collagen
scaffolds: Preliminary preclinical and clinical results. J. Surg. Oncol. 125, 113–122.
doi:10.1002/jso.26679

Rockson, S. G. (2018). Lymphedema after breast cancer treatment. N. Engl.
J. Med. 379, 1937–1944. doi:10.1056/NEJMcp1803290

Rockson, S. G., and Rivera, K. K. (2008). Estimating the population burden of
lymphedema. Ann. N. Y. Acad. Sci. 1131, 147–154. doi:10.1196/annals.1413.014

Rockson, S. G., Tian, W., Jiang, X., Kuznetsova, T., Haddad, F., Zampell, J., et al.
(2018). Pilot studies demonstrate the potential benefits of antiinflammatory therapy
in human lymphedema. JCI insight 3, 123775. doi:10.1172/jci.insight.123775

Saaristo, A., Veikkola, T., Tammela, T., Enholm, B., Karkkainen, M. J., Pajusola,
K., et al. (2002). Lymphangiogenic gene therapy with minimal blood vascular side
effects. J. Exp. Med. 196, 719–730. doi:10.1084/jem.20020587

Schindewolffs, L., Breves, G., Buettner, M., Hadamitzky, C., and Pabst, R. (2014).
VEGF-C improves regeneration and lymphatic reconnection of transplanted
autologous lymph node fragments: An animal model for secondary
lymphedema treatment. Immun. Inflamm. Dis. 2, 152–161. doi:10.1002/iid3.32

Sommer, T., Buettner, M., Bruns, F., Breves, G., Hadamitzky, C., and Pabst, R.
(2012). Improved regeneration of autologous transplanted lymph node fragments
by VEGF-C treatment. Anat. Rec. Hob. N. J. 295, 786–791. doi:10.1002/ar.22438

Szuba, A., Skobe, M., Karkkainen, M. J., Shin, W. S., Beynet, D. P., Rockson, N. B.,
et al. (2002). Therapeutic lymphangiogenesis with human recombinant VEGF-C.
FASEB J. official Publ. Fed. Am. Soc. Exp. Biol. 16, 1985–1987. doi:10.1096/fj.02-
0401fje

Tammela, T., Saaristo, A., Holopainen, T., Lyytikka, J., Kotronen, A., Pitkonen,
M., et al. (2007). Therapeutic differentiation and maturation of lymphatic vessels
after lymph node dissection and transplantation. Nat. Med. 13, 1458–1466. doi:10.
1038/nm1689

Turner, E. H., Matthews, A. M., Linardatos, E., Tell, R. A., and Rosenthal, R.
(2008). Selective publication of antidepressant trials and its influence on apparent
efficacy. N. Engl. J. Med. 358, 252–260. doi:10.1056/NEJMsa065779

Weiss, J., and Daniel, T. (2015). Validation of the lymphedema life impact scale
(LLIS): A condition-specific measurement tool for persons with lymphedema.
Lymphology 48, 128–138.

Wiser, I., Mehrara, B. J., Coriddi, M., Kenworthy, E., Cavalli, M., Encarnacion, E.,
et al. (2020). Preoperative assessment of upper extremity secondary lymphedema.
Cancers 12, E135. doi:10.3390/cancers12010135

Yan, A., Avraham, T., Zampell, J. C., Haviv, Y. S., Weitman, E., and Mehrara, B. J.
(2011). Adipose-derived stem cells promote lymphangiogenesis in response to
VEGF-C stimulation or TGF-β1 inhibition. Future Oncol. 7, 1457–1473. doi:10.
2217/fon.11.121

Yoon, Y. S., Murayama, T., Gravereaux, E., Tkebuchava, T., Silver, M., Curry, C.,
et al. (2003). VEGF-C gene therapy augments postnatal lymphangiogenesis and
ameliorates secondary lymphedema. J. Clin. Invest. 111, 717–725. doi:10.1172/
JCI15830

Zampell, J. C., Yan, A., Elhadad, S., Avraham, T., Weitman, E., and
Mehrara, B. J. (2012). CD4(+) cells regulate fibrosis and
lymphangiogenesis in response to lymphatic fluid stasis. PloS one 7,
e49940. doi:10.1371/journal.pone.0049940

Frontiers in Pharmacology frontiersin.org08

Brown et al. 10.3389/fphar.2022.1028926

https://doi.org/10.1177/1559827617742108
https://doi.org/10.4088/JCP.10m06191
https://doi.org/10.1159/000343699
https://doi.org/10.1159/000343699
https://doi.org/10.3389/fpsyt.2019.00407
https://doi.org/10.1161/CIRCULATIONAHA.110.965384
https://doi.org/10.1161/CIRCULATIONAHA.110.965384
https://doi.org/10.1089/104454902762053855
https://doi.org/10.3389/fonc.2016.00192
https://doi.org/10.3390/ijms21072546
https://doi.org/10.3390/ijms21072546
https://doi.org/10.1016/j.vph.2008.01.010
https://doi.org/10.1016/j.vph.2008.01.010
https://doi.org/10.1093/cid/cis486
https://doi.org/10.1097/PRS.0000000000000268
https://doi.org/10.3390/biology10090934
https://doi.org/10.1097/PRS.0000000000008590
https://doi.org/10.1002/jso.26679
https://doi.org/10.1056/NEJMcp1803290
https://doi.org/10.1196/annals.1413.014
https://doi.org/10.1172/jci.insight.123775
https://doi.org/10.1084/jem.20020587
https://doi.org/10.1002/iid3.32
https://doi.org/10.1002/ar.22438
https://doi.org/10.1096/fj.02-0401fje
https://doi.org/10.1096/fj.02-0401fje
https://doi.org/10.1038/nm1689
https://doi.org/10.1038/nm1689
https://doi.org/10.1056/NEJMsa065779
https://doi.org/10.3390/cancers12010135
https://doi.org/10.2217/fon.11.121
https://doi.org/10.2217/fon.11.121
https://doi.org/10.1172/JCI15830
https://doi.org/10.1172/JCI15830
https://doi.org/10.1371/journal.pone.0049940
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1028926

	Doxycycline for the treatment of breast cancer-related lymphedema
	1 Introduction
	2 Methods
	2.1 Limb volume, bioimpedance
	2.2 Patient-reported outcome measures
	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


