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A B S T R A C T

Among the 7.8 million women with breast cancer worldwide, at least 33%–44% of them are affected by lymphatic
pain. Lymphatic pain refers to co-occurring pain (e.g., pain, aching or soreness) and swelling. Pharmacological
approaches, such as the uses of NSAIDS, opioids, antiepileptics, ketamine and lidocaine, have very limited effects
on lymphatic pain. Limited research in this field has made it difficult for patients and clinicians to differentiate
lymphatic pain from other types of pain. Precision assessment to distinguish different types of pain is essential for
finding efficacious cure for pain. Innovative behavioral interventions to promote lymph flow and reduce
inflammation are promising to reduce lymphatic pain. The goal of this review is to provide a comprehensive
understanding of lymphatic pain through research evidence-based knowledge and insights into precision
assessment and therapeutic behavioral intervention for lymphatic pain.
1. Introduction

Lymphatic pain refers to co-occurring pain, or sensations of aching,
soreness, or tenderness, and swelling.1,2 For breast cancer survivors,
lymphatic pain occurs usually in the ipsilateral body or upper limb.1,2

While breast cancer mortality has been significantly decreased over
years,3,4 lymphatic pain remains one of the most common and long-term
and debilitating effects of cancer treatment.5,6 Currently, at least 33%–

44% of the more than 7.8 million women treated for breast cancer
worldwide are affected by lymphatic pain.1,3,5

The concept of lymphatic pain has emerged in recent research.1,2,5,6

Historically, the concept of cancer-related pain has been used to study
chronic pain associated with cancer or cancer treatment.7–9

Cancer-related pain refers to persistent pain that continues more than
three months after active cancer treatment.7–10 Researchers have oper-
ationalized cancer-related pain in terms of occurrence and severity of
(J.M. Qiu), mei.fu@umkc.edu
Payo), Stephanie.Korth@UHKC.

orm 13 April 2024; Accepted 22

Sichuan University and China Sc
ss article under the CC BY-NC-N
general bodily pain in any body location.7–10 This line of research has
increased our understanding of cancer-related chronic pain, yet, it has
not been able to distinguish different types of pain after cancer treatment,
such as lymphatic pain due to fluid accumulation and inflammation,
general bodily pain, postmastectomy pain, chemotherapy-induced pe-
ripheral neuropathy, or arthralgias related to hormonal treatments.7–10

Consequently, opportunities are limited to explore the underlying phys-
iological and psychosocial mechanisms of different types of pain and
develop efficacious pain treatments.

Lymphatic pain is caused by abnormal lymph fluid accumulation.1,2

Mainstream pharmacological approaches (e.g., NSAIDS, opioids, anti-
epileptics, ketamine and lidocaine) have very limited effects on
lymphatic pain.7,11,12 Recent research demonstrates that some behav-
ioral interventions that promote lymph flow and reduce inflammation
are efficacious for lymphatic pain.2 However, limited research has made
it difficult for patients and clinicians to differentiate lymphatic pain from
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other types of pain. The goal of this review is to provide a comprehensive
understanding of lymphatic pain through research evidence-based
knowledge and insights into precision assessment and therapeutic
behavioral interventions for lymphatic pain.

2. Impact of lymphatic pain

Lymphatic pain negatively impacts breast cancer survivors' physical
function, emotional health, and overall health. Lymphatic pain signifi-
cantly interferes individuals’ activities of daily living (ADLs).1 ADLs are
essential daily activities for individuals to live an independent life and
are important measures for daily living function.13–15 Impairment in
ADLs occurs when individuals are not able to perform the essential daily
living activities, resulting in poor quality of life (QOL) and lack of in-
dependent living. A recently study of 568 breast cancer survivors detailed
that patients with lymphatic pain reported impairments in 45% of ADLs
and had a significantly increased risk of having difficulty in performing
all the 13 ADLs (i.e., cooking, using a knife, writing/typing, cleaning,
vacuuming, laundry, carrying objects, yard work, dressing self, bathing
self, driving, making bed, and taking care of children) when compared to
patients with only pain but no swelling.1 Patients with lymphatic pain
were 4.74 times more likely to have impaired ADLs (OR ¼ 4.74, 95% CI
¼ [2.65–8.50], P < 0.001) compared to patients with only pain but no
swelling.16 Noticeably, when patients with lymphatic pain reported
co-occurring fatigue, their risk of having impaired ADLs increased 24.43
times (OR ¼ 24.43, 95% CI ¼ [5.44–109.67], P < 0.001).16 This un-
dergirds the importance of assessing the incremental impact of
co-occurring lymphatic pain and other symptoms.

Lymphatic pain also increases emotional distress among breast cancer
survivors.1,16 Emotional distress are negative emotions evoked by an
individual's experience of physical symptoms, such as pain.17–20 These
negative emotions include frustration, sadness, guilt/self-blame, being
worried, irritation, fear, anger, loneliness, helplessness, hopelessness,
anxiety, and depression.17–20 A recent study of 354 breast cancer survi-
vors found that the odds of having emotional distress were 12.82 times
higher in patients with lymphatic pain (OR ¼ 12.82, 95%CI ¼
[6.72–24.46], P < 0.001). The risk of having emotional distress for pa-
tients with lymphatic pain increased tremendously if fatigue also
co-occurred (OR ¼ 26.52, 95%CI ¼ [9.64–72.90], P < 0.001).16 While
emotional distress is influenced by several factors related to cancer
treatment, such as having a mastectomy and a lumpectomy, recent
research demonstrates that lymphatic pain is a very important and sig-
nificant predictor for emotional distress in breast cancer survivors.1,16

Further research is needed to detail how lymphatic pain impacts breast
cancer survivors' physical functioning, emotional well-being, and overall
health.

3. Etiology of lymphatic pain

Lymphatic pain and lymphedema share similar etiologies of abnormal
fluid accumulation.1,6,21–25 Breast cancer treatment interrupts normal
functions of lymphatic system, which causes an accumulation of lymph
fluid and creates pain, or aching, or soreness along with swelling.1,6,21,22

Lymphatic pain can occur in patients either with or without a diagnosis of
lymphedema.1,2,23,24 Lymphedema following breast cancer treatment is a
chronic and incurable condition.11,22 The hallmark of lymphedema is
swelling which is often defined and quantitatively operationalized as an
increase in limb size or girth or lymph fluid level.11,23,24 Lymphatic pain
often indicates an early stage of lymphedema for breast cancer survivors
without a diagnosis of lymphedema.1–6,23–27 For breast cancer survivors
with lymphedema, lymphatic pain is part of “living with a perpetual
discomfort” and the exacerbation of lymphatic pain indicates the wors-
ening of lymphedema.28 Future research is needed to further explicate
the etiology and underlying mechanism of lymphatic pain.
34
4. Risk factors for lymphatic pain

The major risk factors for lymphatic pain are associated with cancer
treatment, such as surgical removal of lymph nodes which interrupt the
normal function of lymphatic system and radiation exposure which is
associated with trauma to the lymphatic system.1 Other non-cancer
treatment related risk factors include lymphedema diagnosis, financial
hardship, obesity, and younger age.1 The odds of having lymphatic pain
were 9.68 times higher in breast cancer survivors with a lymphedema
diagnosis (OR ¼ 9.68, P < 0.001, 95% CI ¼ [5.78–16.63]).1 Limited
research has explored the genetic or genomic influence on lymphatic
pain. Research on heterogeneity of lymphedema phenotype21 found that
the odds of having pain were 4.70 times higher in patients with the ge-
notype VEGF-C rs3775203 heterozygous A/C compared to those with
homozygous C/C genotype. Similarly, the odds of having pain were 6.29
times higher in patients with genotype IL13 rs1800952 homozygous T/T
and 2.04 times higher in patients with heterozygous T/C had 2.04
compared to the homozygous C/C genotype. Notably, patients whose
genotype contained both VEGF-C rs3775203 and IL13 rs1800952 vari-
ants had 12.86 times higher odds of experiencing pain. More research is
needed to elucidate the genetic and genomic impact on lymphatic pain.

It is noteworthy that a recent study of 568 breast cancer survivors was
the first to identify financial hardship (i.e., not having enough income to
make ends meet) as one of the major risk factors for lymphatic pain.1

Patients with financial hardship were 4.64 times more likely to have
lymphatic pain (OR ¼ 4.64, P ¼ 0.001, 95% CI ¼ [1.99–11.32]). This
provides evidence that social determinants of health (e.g., financial sta-
tus) have negative impact on lymphatic pain, suggesting that assessment
of patient's financial status is important in identifying a patient's risk of
lymphatic pain. In the United States, racially minoritized women have
delays in breast cancer treatment as well as inadequate treatment.29,30

Later stage diagnosis and delayed treatment lead to higher risk of pain
and lymphedema due to the need to have more aggressive surgical
treatment, more lymph nodes removed, and radiation.22,29,30

Obesity increases the risk of lymphatic pain.1,5,11 Patients with a body
mass index (BMI) �30 kg/m2 were 3.49 times more likely to have
lymphatic pain (OR ¼ 3.49, 95%CI ¼ [1.87–6.50]; P < 0.001).5 Obesity
and lymphatic pain are inflammatory conditions, and more research
studies are needed to explore the role of inflammatory pathways that
contribute to lymphatic pain. In the United States, obesity is more likely
to occur among women living in rural and economically disadvantaged
communities.31,32 Thus, assessing place-based disadvantages for the risk
of lymphatic pain is essential.

An early study33 found that younger age was a risk factor for lym-
phedema. Similarly, younger age is also a significant risk for lymphatic
pain (OR ¼ 0.97, P ¼ 0.011, 95% CI ¼ [0.96–0.99]).1 Compared to older
women, women of younger age may have jobs outside the home, share
more parenting responsibilities, care for elderly parents, and do more
household chores; all of which may contribute to stress and chronic
inflammation that could lead to increased risk of lymphatic pain and
lymphedema. More research is needed to explore stress and actual
physical labor on the lymphatic system and fluid accumulation.

5. Precision assessment of lymphatic pain

As a cluster of co-occurring symptoms of pain, or sensations of aching,
soreness, or tenderness and swelling, lymphatic pain is a subjectively
perceived indicator that reflects abnormal biological or physiological
changes that may or may not be observed objectively.34 The subjective
nature of lymphatic pain entails its assessment using patient-reported
outcome measures (PROMs). PROMs are patient's direct reports about
his/her health condition without clinician or other people's interpreta-
tion of the patient's response.35,36 As a component of lymphatic pain,
swelling may be measured by an objective measure of limb volume or
circumference differences or fluid level. However, these objective mea-
surements of swelling are less associated with QOL than patient-reported



Table 1
The-Optimal-Lymph-Flow (TOLF) program.2,26,27,37–40

Keep a Healthy Weight

Strategies Rationale Actions

Home-Based
Muscle-
Tightening
Exercises

➢ Muscle-
Tightening Deep
Breathing

➢ Muscle-
Tightening
Pumping

✓ Muscle-tightening-deep-
breathing stimulates
lymphatic ducts and help
the lymphatic system to
absorb lipids and
decrease inflammation.

✓ Muscle-tightening
pumping exercises create
muscle pumping. This
helps lymph fluid flow
and decreases
inflammation and helps
to absorb lipids.

✓ Muscle-tightening-deep-
breathing and pumping
exercises help to relax the
body and decrease stress
and pain.

✓ Twice a day in the
morning and at night
before brushing teeth or
as much as the patient
wants throughout the
day.

✓ Sedentary lifestyle: At
least every 4 h

Diet

➢ Eat nutrition-
balanced Diet

➢ Maintain Portion
-appropriate Diet

✓ Eat a nutrition-balanced
diet: more vegetables and
fruits as well as quality
proteins.

✓ Maintain portion-
appropriate diet: Cease
eating when feeling 75%
full for each meal.

✓ Each meal

Stay Hydrated ✓ People may actually be
thirsty, not hungry.

✓ Drink 6 to 8 glasses of
water daily in the
morning, before and
during meals, and
throughout the day.

✓ Avoid drinks with
calories (e.g. juices).

✓ Drink green tea to boost
metabolism.

Large Muscle
Exercises

➢ Walking, running,
dancing,
swimming, Yoga

✓ Large muscle exercises
(e.g. walking, running,
swimming, dancing,
Yoga) help to burn more
calories.

✓ Large muscle exercises
also promote lymph flow
by creating muscle
pumps.

✓ 30-min 3 times a week
or daily.

Get Enough Sleep ✓ Lack of sleep increases the
production of the stress
hormone cortisol, creates
hunger, and leads to
overeating.

✓ Getting just one more
hour of sleep per night
reduces belly fat
accumulation.

✓ 7–8 h of sleep per night.
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symptoms (e.g., pain, aching, soreness, and swelling).11 Therefore,
PROMs are optimal measures for lymphatic pain, a subjective phenom-
enon.35,36

Lymphatic pain following breast cancer has been operationalized as
the patient-report of co-occurring pain, or aching, or soreness, or
tenderness and swelling.1 The Breast Cancer and Lymphedema Symptom
Experience Index (BCLE-SEI) Part I has been used to assess lymphatic pain
(i.e., pain, aching, soreness, tenderness, and swelling) and additional
symptoms related to lymph fluid accumulation or lymphedema.1,2,5

BCLE-SEI is valid and reliable patient-report instrument with a Cron-
bach’s alpha of 0.92 for symptom occurrence.6,19,20,26,27 A response
frame can be adjusted (e.g., “now,” “past seven days”, or “past three
months”) to indicate whether lymphatic pain occurs currently or has
been persistent. Each item is rated on a 5-point Likert scale (i.e., 0 ¼ no
presence of a given symptom to 4 ¼ greatest severity of a given symp-
tom). Higher scores indicate more severe lymphatic pain. A recent large
study of 568 breast cancer survivors used BCLE-SEI and identified four
pain phenotypes: 33.1% were classified as lymphatic pain phenotype
(i.e., presence of pain, aching, or soreness, and swelling), 35.9% as pain
without swelling phenotype (i.e., only pain, aching, or soreness without
arm/hand swelling), 5.9% as only swelling phenotype (i.e., only arm/-
hand swelling without pain, aching, or soreness), and 25% as phenotype
of no symptom (i.e., absence of pain, aching, soreness, and arm/hand
swelling). This study found that 41% of patients in the lymphatic pain
group had>5% interlimb volume differences using an objective measure
of limb volume by infra-red perometer (Perometry 350S). This supports
the clinical observation that lymphatic pain often precedes changes in
limb volume or lymph fluid. Thus, self-reported lymphatic pain can be
considered an important marker for early lymphedema. Given that the
major causes of lymphatic pain are inflammation and fluid accumulation;
future research should explore genotypes, biomarkers, and fluid levels as
potential objective markers of lymphatic pain.

6. Therapeutic behavioral intervention

Pharmacologic interventions have very limited effects on cancer-
related pain and lymphatic pain, including the use of NSAIDS, opioids,
antiepileptics, ketamine and lidocaine and long-term use of the medi-
cations in breast cancer patients can be problematic.11 Behavioral stra-
tegies are also used for cancer-related pain.7–10 Lymphedema is usually
treated through manual lymph drainage, physical therapy, compression
garments, upper extremity exercise, focusing on swelling reduction.11

Like lymphedema, lymphatic pain is associated with increased lymph
fluid accumulation evidenced by increased lymph fluid level and
inter-limb volume differences;1,2 and associated inflammatory re-
sponses.21,25 Effective treatment of lymphatic pain can decrease the risk
of developing lymphedema and lessen lymphedema severity.26,27 How-
ever, there are persistent and worldwide challenges for patients (e.g.,
availability of interventions, cost and time for clinical visits) to receive
timely and effective interventions for managing lymphatic pain.

The-Optimal-Lymph-Flow (TOLF) is a web- and mobile-based program
and one of the available behavioral interventions for lymphatic pain.
TOLF intervention is based on physiological (fluid accumulation and
inflammation) and cognitive principles (low self-efficacy for pain man-
agement) to promote lymph flow.2,26,27,37–40 TOLF program consists of
therapeutic lymphatic exercises, healthy diet (i.e., nutrition-balanced,
portion-appropriate diet, adequate hydration), and proper sleep.
Table 1 details the TOLF intervention strategies. TOLF therapeutic
lymphatic exercises to promote lymph flow include muscle-tightening
deep breathing, muscle-tightening pumping, and limb mobility exer-
cises. In addition, TOLF provides patients with knowledge about
lymphatic system, lymphedema, and daily self-assessment.

Guided by the self-efficacy theory (Fig. 1) and based on physiological-
cognitive- behavioral principles, TOLF provides self-management stra-
tegies to activate the lymphatic system and promote lymph flow to
decrease lymphatic pain and reduce the risk and severity of
35
lymphedema.2,26,27,37–40 TOLF intervention focuses on training patient to
implement self-management skills in their daily lives outside clinical
settings without professionally administered therapy (e.g., by therapists
or nurses). In other words, to achieve the therapeutic effects, patients
execute home-based self-management skills. Self-efficacy for TOLF
intervention refers to a breast cancer survivor's belief in her ability to
execute TOLF self-management skills.2,26,27,38–42 Therefore, building
patients' skills to manage lymphatic pain would increase their
self-efficacy for TOLF interventions.

In a clinical trial, TOLF intervention was effective in preventing
lymph fluid accumulation and maintaining pre-surgical limb volume
among over 90% of 140 patients after breast cancer surgery.38 A recently
single-arm trial focusing on the immediate effects of TOLF lymphatic
exercises2 demonstrated a significant reduction in lymph fluid levels in
bioimpedance mean L-Dex scores (MΔ (Mean Changes) ¼ �2.68, 95% CI
¼ [�4.67, �0.69], P ¼ 0.010). TOLF intervention demonstrated greater



Fig. 1. Theoretical model for lymphatic pain management.
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effects in patients with abnormal lymph fluid levels (i.e., L-Dex� 7.1) in
mean L-Dex scores (MΔ ¼�5.19, 95% CI¼ [�1.75,�8.63], P¼ 0.008).2

A larger, 12-week, parallel Randomized Clinical Trial (RCT)37 ran-
domized 120 patients either into Arm Precaution (AP) control to improve
limb mobility or TOLF intervention to promote lymph flow. At the end of
the trial, significantly fewer patients in the TOLF intervention group re-
ported chronic pain (i.e., lymphatic pain) (49% vs. 71%; OR¼ 0.39, 95%
CI ¼ [0.17, 0.90], P ¼ 0.021). TOLF intervention was effective in
achieving complete pain reduction in 50% of patients (50% vs 22%; OR
¼ 3.56, 95% CI ¼ [1.39, 9.76], P ¼ 0.005) compared to the AP control
group of 22%. TOLF intervention was effective in lowering significantly
median severity scores (Med) of pain (MedTOLF ¼ 0, Interquartile Range
[IQR]¼ 0–1 vsMedAP ¼ 1, IQR¼ 0–2; P¼ 0.024) and general bodily pain
(MedTOLF ¼ 1, IQR ¼ 0–1.5 vs MedAP ¼ 1, IQR ¼ 1–3; P ¼ 0.040).14 In
addition, significantly fewer patients in TOLF group reported arm/hand
swelling (P¼ 0.038). TOLF intervention achieved a 13% reduction in the
proportion of patients who took pain medications compared to the AP
control group which had a 5% increase. Results of a single-arm trial2

supported the immediate effects of TOLF lymphatic exercises13 on
reduction in lymphatic pain (MedΔ ¼ �1.00, 95% CI¼ [�1.5,�0.1], P¼
0.004), and arm/hand swelling (MedΔ ¼ �1.00, 95% CI ¼ [�1.5, �0.5],
P ¼ 0.004).

7. Recommendations for research and clinical practice

To deploy the emerging knowledge regarding lymphatic pain and
different types of pain, the following recommendations are posited to
translate and integrate this knowledge into research and clinical practice.

Recommendation for research. Given that the mechanism of
lymphatic pain is associated with lymph fluid accumulation and
inflammation, it is possible that lymphatic pain may have different un-
derlying mechanisms compared to other pain phenotypes (e.g.,
chemotherapy-induced peripheral neuropathy, or arthralgias related to
hormonal treatments, pain without swelling). Emerging research evi-
dence presents new insights to differentiate lymphatic pain from other
types of pain, which is essential in finding a cure. Future research should
explore the unique underlying mechanisms of lymphatic pain through
biomarker and genomic approaches as well as associated demographic
and socioeconomic determinants (e.g., age, financial status, ethnicity).

Current research suggests that behavioral interventions (e.g., TOLF
intervention) designed to promote lymph flow produce significant ben-
efits in reducing lymphatic pain, general bodily pain, and specific lym-
phedema symptoms (e.g., arm/hand swelling, heaviness, limited
movement in shoulder and arm).2,26,27,37–40 Future research should
36
investigate the effects of different behavioral interventions on different
types of pain, including lymphatic pain. Research should also focus on
developing targeted and effective therapeutic interventions for pain by
investigating which therapeutic approaches, such as pharmacological,
low-dose laser, or behavioral approaches, are most efficacious for
different types of pain with different etiologies.

Recommendations for clinical practice. To differentiate lymphatic
pain from other types of pain, clinicians may use the reliable and valid
patient outcome measures (e.g., BCLE-SEI) to evaluate and track
lymphatic pain in clinical practice to ensure timely interventions.43,44

Research-based behavioral interventions to promote lymph flow and
inflammation (e.g., TOLF intervention) are able to induce immediate and
long-term therapeutic effects to relieve lymphatic pain, swelling, and
lymphedema symptoms.2,26,27,37–40 Such interventions can be prescribed
to patients to reduce not only lymphatic pain, but also general bodily
pain and other symptoms associated with fluid accumulation.

8. Conclusion

At least one-third of breast cancer survivors have suffered lymphatic
pain that is defined as co-occurring pain or sensations of aching, soreness,
or tenderness and swelling.1,16 Importantly, lymphatic pain results in
greater impairments in ADLs, emotional distress, and overall health.1,5,16

Precision assessment that enables clinicians to distinguish different types
of pain is imperative to find a cure for pain. Behavioral interventions to
promote lymph flow are safe, efficacious, and affordable. Such in-
terventions are beneficial for millions of women treated for breast cancer
worldwide to reduce lymphatic pain, general bodily pain, and other
symptoms related to fluid accumulations and chronic inflammation.
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