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Abstract The purpose of this study is to evaluate arm

volume measurements and clinico-pathologic characteris-

tics of breast cancer patients to define a threshold for

intervention in breast cancer-related lymphedema. We

prospectively performed arm volume measurements on

breast cancer patients using a Perometer. Arm measure-

ments were performed pre- and post-operatively, and

change in arm volume was quantified using a relative

volume change (RVC) equation. Patient and treatment risk

factors were evaluated. Cox proportional hazards models

with time-dependent covariates for RVC were used to

evaluate whether RVC elevations of C3 to \5 % or C5 to

\10 % occurring B3 months or [3 months after surgery

were associated with progression to C10 % RVC. 1,173

patients met eligibility criteria with a median of 27 months

post-operative follow-up. The cumulative incidence of

C10 % RVC at 24 months was 5.26 % (95 % CI

4.01–6.88 %). By multivariable analysis, a measurement of

C5 to\10 % RVC occurring[3 months after surgery was

significantly associated with an increased risk of progres-

sion to C10 % RVC (HR 2.97, p \ 0.0001), but a mea-

surement of C3 to\5 % RVC during the same time period

was not statistically significantly associated (HR 1.55,

p = 0.10). Other significant risk factors included a mea-

surement B3 months after surgery with RVC of C3 to

\5 % (p = 0.007), C5 to \10 % (p \ 0.0001), or C10 %

(p = 0.023), axillary lymph node dissection (ALND)

(p \ 0.0001), and higher BMI at diagnosis (p = 0.0028).

Type of breast surgery, age, number of positive or number

of lymph nodes removed, nodal radiation, chemotherapy,

and hormonal therapy were not significant (p [ 0.05).

Breast cancer patients who experience a relative arm vol-

ume increase of C3 to \5 % occurring [3 months after

surgery do not have a statistically significant increase in

risk of progression to C10 %, a common lymphedema

criterion. Our data support utilization of a C5 to \10 %

threshold for close monitoring or intervention, warranting

further assessment. Additional risk factors for progression

to C10 % include ALND, higher BMI, and post-operative

arm volume elevation.
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Compression therapy � Threshold for intervention �
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Introduction

Survival rates after treatment for breast cancer are high,

making attention to quality of life and long-term effects of

treatment increasingly important [1–3]. Lymphedema is a

chronic condition characterized by swelling of the arm,

hand, breast, or trunk, which may develop as a result of
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breast cancer treatment from an accumulation of lymphatic

fluid in the interstitial tissues. It is known to have detrimental

effects on quality of life due to body image changes, alter-

ations in arm function, and increased complications such as

infection and cellulitis [2, 4–6].

Although reported incidence rates vary, a recent meta-

analysis indicated that more than one in five breast cancer

patients will develop lymphedema [7]. The most commonly

cited risk factors for breast cancer-related lymphedema

include axillary lymph node dissection (ALND) [7–16], and

high body mass index (BMI) or obesity [7, 10, 13, 15–25].

A number of other risk factors have been suggested,

including mastectomy [5, 7, 13, 14, 21], extent of axillary

surgery [7, 15, 22, 23, 26–28], number of pathologically

involved lymph nodes [14, 15, 21, 24, 29], chemotherapy

[8, 10, 15, 22, 29], nodal radiation [13, 14, 22, 24, 25, 28,

30–34], age [5, 12, 17, 27, 31, 33], and physical activity

levels [5, 7, 13].

In an effort to decrease the physical and psychosocial

complications of lymphedema, it is increasingly recom-

mended that patients should be screened for low-level arm

volume changes to enable early intervention [4, 35–37].

The National Lymphedema Network recommends preop-

erative assessment and ongoing surveillance for lymphe-

dema as ‘‘imperative’’ and ‘‘best practice’’ [38]. However,

the appropriate threshold for intervention when volume

changes occur has not been adequately defined.

Varying definitions and methods of measurement for

lymphedema have been utilized [37, 39, 40]. An absolute

difference between arms or increase from pre-operative

baseline in the at-risk arm of[2 cm circumference by tape

measurement or[200 ml volume by water displacement or

perometry is often considered indicative of lymphedema

[7, 14, 41]. In addition, a relative volume difference

between arms or increase in at-risk arm volume from pre-

operative baseline of 5–10 % by perometry, water dis-

placement, or circumferential tape measurement may be

used to define lymphedema [7, 14, 39, 41, 42]. Bioim-

pedance spectroscopy (BIS) is a technique which measures

extracellular fluid of the upper extremity, with a corre-

sponding lymphedema criterion based on the impedance

ratio between arms or change from a pre-operative baseline

outside of a normal range [43].

The quantification of lymphedema by the Perometer has

been rigorously validated, demonstrating high accuracy

and overall reliability across repeated measurements [44,

45]. We previously reported that accurate evaluation for

breast cancer-related lymphedema must include a pre-

operative measurement and account for changes in the at-

risk and contralateral arm, and developed the relative

volume change (RVC) equation [46]. Although prior

studies have defined lymphedema as a volume increase of

[3–15 % [7, 14], the majority have utilized [10 % as a

lymphedema criterion [21, 33, 41, 47–55]. In addition, a

2009 study by Cormier et al. [42] found that [10 % vol-

ume change was an independent risk factor for decreased

quality of life. Therefore in the clinical setting at our

institution and for the purpose of this study, we chose to

utilize C10 % RVC as an endpoint for progression.

In a 2008 report, Stout-Gergich et al. [36] proposed four

stages for evaluating early lymphedema based on volume

change measured via perometry: 0–3 %—at risk for

lymphedema, 3–5 %—pre-clinical lymphedema, 5–8 %—

mild lymphedema, and [8 %—moderate–severe lymphe-

dema. Based on their findings, the authors advocated that

an arm volume increase of [3 % is an appropriate

threshold for intervention with compression therapy.

We sought to determine whether utilization of C3 to

\5 % or C5 to \10 % RVC thresholds prognosticate

progression to C10 % RVC by analyzing arm volume

measurements from patients prospectively screened for

lymphedema at our institution. Arm volume measurements,

patient demographics, and treatment characteristics were

analyzed to identify risk factors for progression to C10 %

RVC.

Materials and methods

Beginning in 2005, with Institutional Review Board

approval, we prospectively obtained bilateral arm volume

measurements on women diagnosed with breast cancer using

a Perometer. Measurements were obtained pre- and post-

operatively, during treatment for breast cancer, and at fol-

low-up oncology visits after completion of breast cancer

treatment. The protocol for lymphedema screening and the

equation for RVC have previously been published [46].

Briefly, RVC = [(A2U1)/(U2A1)] - 1 where A1, A2 are arm

volumes on the side treated for breast cancer at pre-operative

baseline and a post-operative follow-up; and U1, U2 are arm

volumes on the contralateral side at the corresponding time

points. The RVC equation accounts for pre-operative

asymmetry between arms, and incorporates contralateral

arm volume to account for changes in arm size caused by

factors unrelated to lymphedema, such as weight gain. Any

measurements obtained after a patient was diagnosed with

distant metastasis or recurrence were excluded to avoid

potential confounding. Patients who underwent bilateral

breast or axillary surgery were excluded entirely from the

analysis, since the RVC formula cannot be used for patients

at risk for bilateral lymphedema.

For this analysis, patients underwent a pre-operative

measurement between 08/2005 and 08/2012, and received

surgery and follow-up care at our institution for primary

breast cancer. All patients had a pre-operative measure-

ment and at least one follow-up measurement occurring
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[3 months after surgery. A measurement with C10 %

RVC occurring[3 months after surgery was utilized as the

endpoint for analysis of arm volume progression. Once a

patient underwent a measurement with C10 % RVC

(occurring at an assessment[3 months post-operative), all

further measurements for that patient were excluded from

the analysis.

To determine whether low-level RVC elevation is

associated with progression to C10 % RVC, patients were

categorized according to whether they had an RVC in the

C3 to \5 % and/or C5 to \10 % range at a measurement

[3 months after surgery. Measurements occurring

B3 months post-operative were categorized similarly (with

an additional category of C10 % RVC) and considered as

independent risk factors in the analysis. Any measurements

occurring after a patient initiated lymphedema treatment

with compression therapy were excluded from analysis in

order to analyze the natural history of arm volume pro-

gression without the influence of treatment intervention.

Medical record review was used to determine which

patients received treatment and defined by prescription for

a compression sleeve.

Patient demographics, surgical, radiation, and medical

oncology treatments were collected via medical record

review to analyze as risk factors. Nodal radiation was

defined as radiation to the breast/chest wall with supra-

clavicular and/or axillary radiation.

We used Cox proportional hazards regression to evalu-

ate whether an RVC of C3 to \5 % and/or C5 to \10 %

occurring [3 months after surgery was associated with

progression to C10 % RVC. The time from surgery to

C10 % RVC (‘‘event’’) or most recent follow-up RVC

measurement (‘‘censored’’) was used as the time-to-event

variable in the Cox models. Thus, estimates are adjusted

for the amount of follow-up time, as only patients with

comparable follow-up are included in each risk set. Sepa-

rate time-dependent covariates for RVC measurements in

the range of C3 to\5 % and C5 to\10 % were used such

that patients were included in the non-elevated category

until their first RVC in the C3 to \5 % or C5 to \10 %

category occurred. Therefore a patient categorized in the

C3 to \5 % RVC group, who progressed to C5 to \10 %

RVC before crossing RVC C10 %, was considered in both

groups when analyzing for progression.

Separate covariates were included for RVC categories of

C3 to\5 %, C5 to\10 %, and C10 % occurring B3 months

after surgery. A small fraction of patients did not have a

measurement within 3 months of surgery, and were included

in the\3 % reference category. Models were also run with

these patients excluded to assess the impact on results.

Patient and treatment risk factors were evaluated, and the

number of measurements per year was included in the mul-

tivariable regression to account for variation in the frequency

of measurements among patients. The Kaplan–Meier

method was used to obtain estimates of cumulative incidence

of C10 % RVC occurring[3 months after surgery [56]. The

cumulative incidence of progression to C10 % RVC was

calculated among patients who had a measurement in the C3

to\5 % RVC category, where the starting point for assess-

ment of progression was the patient’s initial measurement in

the C3 to \5 % category after 3 months post-operative.

Similarly, the cumulative incidence of progression to C10 %

RVC was calculated among those with a measurement in the

C5 to \10 % RVC category occurring [3 months after

surgery.

Results

Patient population

1,173 patients met eligibility. The median post-operative

follow-up was 26.9 months (range 3.3–82.6, 25th percen-

tile 15.2, 75th percentile 43.9). Median number of mea-

surements per patient was 6 (range 2–21, 25th percentile 4,

75th percentile 8). Clinical and pathologic characteristics

of the study population are presented in Table 1. The

cumulative incidence of C10 % RVC occurring[3 months

after surgery was 5.26 % (95 % CI 4.01–6.88 %) at

24 months and 9.75 % (95 % CI 7.62–12.4 %) at

48 months post-operative (Fig. 1). The median time to

crossing C10 % RVC (at an assessment [3 months post-

operative) was 14.4 months (range 3.5–57.1). 5 % (57/1,173)

of patients received treatment for lymphedema with com-

pression therapy. Of these patients, five had a maximum

RVC of\5 %, 25 had a maximum RVC of C5 to \10 %,

and 27 patients had a maximum RVC of C10 % prior to

treatment initiation.

Risk of progression to C10 % RVC by patient/

treatment factors

Patients who underwent ALND with nodal radiation had

the highest 2-year cumulative incidence at 18.1 %, com-

pared to 6.1 % for sentinel lymph node biopsy (SLNB)

with nodal radiation. The cumulative incidence of C10 %

RVC was 2.0 % for patients who underwent SLNB without

nodal radiation, and 2.4 % for no axillary surgery

(Table 2). Factors significant for increased risk of pro-

gression to C10 % RVC at [3 months after surgery by

univariate analysis are included in Table 3. By multivari-

able analysis, ALND (p \ 0.0001) and higher BMI at

diagnosis (p = 0.0028) were the only patient/treatment

factors significantly associated with an increased risk of

progression to C10 % RVC at [3 months after surgery

(Table 4).
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Risk of progression to C10 % RVC by levels of arm

volume increase occurring [3 months post-operative

Among patients who had an RVC measurement in the C3 to

\5 % category occurring [3 months after surgery, the

cumulative incidence of progression to C10 % RVC was

10.8 % (95 % CI 7.1–16.1 %) at 24 months after the first

measurement in the C3 to\5 % range. Among those who had

an RVC of C5 to\10 %, the comparable estimate of cumu-

lative incidence of progression was 18.7 % (95 % CI

12.6–27.4 %) (Fig. 2). By multivariable analysis, a

measurement of C5 to \10 % RVC occurring [3 months

after surgery was statistically significantly associated with an

increased risk of progression to C10 % RVC (p = \0.0001),

but a measurement of C3 to \5 % RVC during this time

period was not statistically significant (p = 0.10) (Table 4).

The number of measurements per year was also significantly

associated with increased risk of progression to C10 % RVC

by multivariable analysis (p \ 0.0001).

Risk of progression to C10 % RVC by levels of arm

volume increase occurring B3 months post-operative

95 % (1,120/1,173) of patients had a measurement

B3 months after surgery. Of these patients, 8.4 %

(94/1,120) had an RVC of C3 to \5 %, 7.1 % (79/1,120)

had an RVC of C5 to\10 % and 1.3 % (14/1,120) had an

RVC of C10 % within 3 months of surgery. The remaining

933 patients (83.3 %) had an RVC of \3 % during this

time period. By multivariable analysis, all three categories

of RVC elevation occurring B3 months after surgery were

significantly associated with an increased risk of progres-

sion to C10 % RVC (Table 4). A multivariable model

excluding the 53 patients without a measurement within

3 months of surgery demonstrated similar results (data not

shown).

Discussion

To our knowledge, the current study represents the largest

cohort of breast cancer patients prospectively screened for

Table 1 Clinical and pathologic characteristics of patient cohort

Median

(range)

n = 1,173

(100 %)

Patient characteristics

Age at diagnosis (years) 56 (24–89) –

BMI at diagnosis (kg/m2) 26.3

(16.5–55.7)

–

Pathologic characteristics

Invasive carcinoma – 998 (85 %)

Ductal carcinoma in situ (DCIS) – 175 (15 %)

Invasive tumor size (cm) 1.4 (0.05–12.0) –

Breast surgery

Lumpectomy – 864 (74 %)

Mastectomy – 309 (26 %)

Axillary surgery

None – 159 (14 %)

SLNB – 722 (62 %)

ALND – 292 (25 %)

#LN’s removed, SLNB 2 (1–7) –

#LN’s removed, ALND 16 (3–43) –

# Positive LN’s, ALND 2 (0–39) –

Radiation therapy

None – 214 (18 %)

Breast/chest wall only – 712 (61 %)

Breast/chest wall ? nodal

radiation

– 237 (20 %)

Unknown fields – 10 (1 %)

Neoadjuvant chemotherapy

Yes – 114 (10 %)

No – 1,059 (90 %)

Adjuvant chemotherapy

Yes – 431 (37 %)

No – 742 (63 %)

Hormonal therapy

Yes – 876 (75 %)

No – 297 (25 %)

BMI body mass index, ALND axillary lymph node dissection, SLNB

sentinel lymph node biopsy, LN lymph node

Fig. 1 Cumulative incidence of RVC C10 %
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lymphedema using the Perometer, a tool with demonstrated

validity in quantifying arm volume. In our analysis of

1,173 patients, a measurement of C5 to \10 % RVC,

higher BMI at diagnosis, and ALND were associated with a

statistically significant increase in risk of progression to

C10 % RVC by multivariable analysis. A measurement of

C3 to\5 % RVC was significant for progression to C10 %

RVC when it occurred within 3 months of surgery, but did

not reach statistical significance at a time[3 months post-

operative. Interestingly, any range of RVC elevation

occurring B3 months after surgery was significantly asso-

ciated with increased risk of progression to C10 % RVC.

Our findings support utilization of a C5 to\10 % threshold

for close monitoring or intervention. Further assessment of

this strategy is warranted.

Screening programs for early detection and intervention

in breast cancer-related lymphedema have been recom-

mended [35, 36, 38], but an appropriate threshold for

intervention has not yet been determined. The emotional

and financial burden of lymphedema treatment is well-

documented [8, 57], as is the importance of early inter-

vention aimed at preventing progression of this condition

[40, 58, 59]. It is therefore critical that an effective

threshold for intervention be established.

Table 2 2-Year cumulative incidence of RVC C10 % according to type of axillary surgery and radiation therapy

N 2-Year cumulative

incidence (%)

95 % Confidence interval

No axillary surgery 160 2.40 0.77–7.32

SLNB, no nodal radiation 678 2.00 1.13–3.52

SLNB with nodal radiation 44 6.08 1.49–23.04

ALND, no nodal radiation 92 10.21 5.18–19.60

ALND with nodal radiation 194 18.07 12.61–25.54

SLNB sentinel lymph node biopsy, ALND axillary lymph node dissection

Table 3 Univariate analysis of risk factors associated with progres-

sion to RVC C10 % at [3 months post-operative

Hazard

ratio

95 %

Confidence

interval

p value

Patient characteristics

Age at diagnosis 1.01 0.99 1.03 0.64

BMI at diagnosis 1.07 1.03 1.10 0.0002

Surgical characteristics

Mastectomy versus

lumpectomy

1.89 1.18 3.01 0.0079

SLNB versus no axillary

surgery

0.70 0.28 1.74 0.44

ALND versus SLNB 6.59 3.95 11.0 \0.0001

# LN’s removed 1.09 1.07 1.11 \0.0001

# Positive LN’s 1.08 1.05 1.11 \0.0001

Systemic therapy

Adjuvant chemotherapy 2.08 1.32 3.30 0.0017

Hormonal therapy 1.14 0.66 1.95 0.64

Radiation therapy

Breast/chest wall only 0.63 0.34 1.20 0.16

Breast/chest wall ? nodal

radiation

3.38 1.82 6.29 0.0001

Arm measurements B3 months post-op

C3 to \5 % RVC 3.18 1.63 6.19 0.0007

C5 to \10 % RVC 7.49 4.29 13.1 \0.0001

C10 % RVC 16.7 6.53 42.6 \0.0001

Arm measurements [3 months post-op

C3 to \5 % RVC 2.25 1.33 3.81 0.0025

C5 to \10 % RVC 5.43 3.26 9.05 \0.0001

Age, BMI, # LN’s removed and # positive LN’s analyzed as con-

tinuous variables. Reference group for arm measurements is \3 %

RVC during that time period (B3 or [3 months post-operative)

BMI body mass index, SLNB sentinel lymph node biopsy, ALND

axillary lymph node dissection, LN lymph node, RVC relative volume

change

Table 4 Multivariable analyses of risk factors associated with pro-

gression to RVC C10 % at [3 months post-operative

Hazard

ratio

95 %

Confidence

interval

p value

Patient characteristics

BMI at diagnosis 1.06 1.02 1.10 0.0028

Surgical Characteristics

ALND 4.08 2.49 6.68 \0.0001

Arm measurements B3 months post-op

C3 to \5 % RVC 2.52 1.29 4.94 0.007

C5 to \10 % RVC 3.24 1.80 5.84 \0.0001

C10 % RVC 4.70 1.24 17.8 0.023

Arm measurements [3 months post-op

C3 to \5 % RVC 1.55 0.92 2.61 0.10

C5 to \10 % RVC 2.97 1.75 5.04 \0.0001

# of measurements per year 1.29 1.16 1.44 \0.0001

Reference group for arm measurements is \3 % RVC during that

time period (B3 or [3 months post-operative)

BMI body mass index, ALND axillary lymph node dissection, RVC

relative volume change
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A prior study by Stout-Gergich et al. [36] utilized

compression therapy at [3 % increase in arm volume to

assess the effectiveness of early intervention. In this single

arm, Phase II study, 43 breast cancer patients who devel-

oped an arm volume increase of [3 % received interven-

tion with compression therapy. In the follow-up period

after intervention (mean 4.8 months), a greater decrease in

absolute arm volume was reported in patients who received

intervention compared to an age-matched control group.

The study did not have a randomized-controlled design.

Based on their results, the authors proposed that[3 % arm

volume increase is a diagnostic criterion for subclinical

lymphedema and recommended intervention at that

threshold.

Our data suggest that a measurement of C3 to \5 %

RVC is statistically significant for progression to C10 %

RVC only when it occurs within 3 months of surgery, and

not at later time points. While Stout-Gergich et al. [36]

reported reduced arm volume in patients who initiated

compression therapy after reaching[3 %, it is unclear that

such intervention was warranted. The median time to

development of [3 % in their trial was 6.9 months post-

operative, and based on our data it is likely that some

patients would not otherwise have progressed to C10 %, a

common lymphedema criterion, had they not received

intervention.

In contrast, our data suggest that a C5 to \10 % RVC

criterion may be a better threshold for early intervention, as

crossing this threshold at any time following surgery was a

significant predictor of progression to C10 % RVC. The

cumulative incidence of progression to C10 % for patients

with an RVC of C5 to \10 % occurring [3 months after

surgery was 18.7 %, compared with 10.8 % for C3 to

\5 % during this period. Furthermore, recent reports have

suggested that arm volume increases in the range of

5–10 % may represent low-level edema based on lymph-

edema symptoms reported by patients with volume chan-

ges in this range [42, 60]. It should be noted that the

confidence intervals for cumulative incidence of progres-

sion for patients with a measurement of C3 to \5 % and

C5 to \10 % in our series overlap, warranting further

investigation. We are currently conducting a prospective,

randomized-controlled trial of compression therapy versus

observation in patients with a measurement of C5 to

\10 % RVC to evaluate the efficacy of intervention at this

threshold (Clinical Trials.gov Identification number

NCT00959985) [61].

In our series, a measurement of C3 to \5 % RVC

occurring within 3 months of surgery was significant for

increased risk of progression to C10 % RVC, but was not

statistically significant when it occurred later in follow-up

([3 months post-operative). We did find that patients with

a measurement of C3 to \5 % occurring [3 months after

surgery had a 10.8 % risk of progression to C10 % RVC.

Given these findings, we suggest that patients with a

measurement of C3 to \5 % RVC any time after surgery

undergo close monitoring with a re-measurement at

1–2 months to assess for progression.

Consistent with prior reports, independent clinico-path-

ologic risk factors for progression to C10 % RVC in our

series included ALND and higher BMI at diagnosis [7–16].

We did not find type of breast surgery, extent of axillary

surgery, number of pathologically involved lymph nodes,

chemotherapy, or nodal radiation to be significant for

progression to C10 % RVC by multivariable analysis.

These have less commonly been cited as risk factors for

lymphedema, with the majority lacking strong evidence

from prospective studies utilizing accurate measurement

techniques. Interestingly, we found that the rate of C10 %

RVC in patients with no axillary surgery was 2.4 %, which

was similar to the 2.0 % incidence for SLNB without nodal

radiation. These findings suggest that while patients who

undergo SLNB are at risk for developing lymphedema

(albeit low), this risk may not be significantly greater than

for patients without axillary surgery.

We also found that a measurement of C3 to\5 %, C5 to

\10 %, or C10 % RVC within 3 months of surgery was

significantly associated with an increased risk of progres-

sion to C10 % RVC. Furthermore, increasingly higher

categories of RVC elevation during this period represented

a more significant risk of progression. Mahamaneerat et al.

[62] also demonstrated the importance of post-operative

Fig. 2 Cumulative incidence of progression to RVC C10 % among

patients who had an RVC measurement in the C3 to \5 % category

occurring [3 months after surgery, and among patients who had a

measurement in the C5 to\10 % category at[3 months after surgery
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arm volume elevation as a risk factor for lymphedema,

reporting that a C5 % increase in arm volume B1 month

after surgery was associated with a 1.4-fold increased risk

of lymphedema. These findings demonstrate the impor-

tance of screening within 3 months of surgery, such that

patients with elevated arm volume during this period can

be closely monitored for future progression.

The 2-year cumulative incidence of C10 % RVC in our

series was 6.1 % for patients who underwent SLNB with

nodal radiation and 2.0 % for SLNB without, compared to

18.1 % for ALND with and 10.2 % for ALND without

nodal radiation. McLaughlin et al. [16] similarly reported a

5 % incidence for patients with SLNB and 16 % for those

with ALND. Other studies have reported significantly

higher rates of lymphedema compared to our series,

ranging as high as 30–80 % [5, 63–66]. The incidence of

C10 % RVC in our cohort may be lower than lymphedema

rates reported in previous studies due to differences in

length of follow-up, method of measurement and definition

of lymphedema. We chose to report cumulative incidence

at 2 years (rather than 4 or 5 years) based on our median

follow-up of 26.9 months. In addition, we excluded mea-

surements occurring after initiation of compression ther-

apy, which may underestimate the incidence of C10 %

RVC in our cohort. However, the exclusion of measure-

ments obtained after initiation of compression therapy

uniquely enabled us to analyze the natural history of arm

volume progression as it occurs without the influence of

treatment intervention.

New cases of lymphedema continued to appear up to

4 years after surgery in our series, with cumulative inci-

dence increasing from 5.3 to 9.8 % at 2–4 years. Although

some have reported that lymphedema most commonly

occurs within 2 years of diagnosis [7], others have shown

that incidence continues to increase throughout follow-up

[63, 67]. Petrek et al. [67] demonstrated that lymphedema

developed at[3 years in 25 % of patients, with an ongoing

risk of approximately 1 % per year for at least 20 years. In

another study, Norman et al. [63] reported that 20 % of

lymphedema cases occurred between 2 and 5 years. These

findings support screening for lymphedema both during

and after completion of breast cancer treatment.

Our study is limited by the variable time intervals at

which patients underwent arm volume measurements.

Patients were measured at their routine oncology follow-up

visits, raising the possibility that transient episodes of arm

volume elevation may have been missed between mea-

surements. This may underestimate the number of patients

who developed C10 % RVC, and the number who met an

RVC threshold and subsequently underwent regression of

arm volume. There may also have been a bias of greater

frequency of screening for patients with lymphedema

symptoms or those perceived to be at high risk for

lymphedema, as reflected by the association of number of

measurements per year with progression to C10 % RVC in

the multivariable model. A prospective study with pre-

specified time intervals for follow-up measurements is

underway to address this issue (Clinical Trials.gov Identi-

fication number NCT00959985) [61]. Finally, our study is

limited by variable use of lymphedema treatments, as the

decision to treat using compression therapy was left to the

patient and clinician. As a result, we may be under- or

over-estimating the risk of arm volume progression since

measurements occurring after initiation of compression

therapy were excluded from analysis.

Lymphedema continues to be one of the most-feared

complications of breast cancer treatment. Our study pro-

vides new insights into the natural history of arm volume

progression in breast cancer patients, and suggests use of

specific thresholds for intervention. In addition, we identify

independent risk factors for arm volume progression which

can be utilized to target high-risk patients for close moni-

toring. Based on our results, we propose a revised approach

for classification of, and intervention for, arm volume

elevation which may occur in breast cancer patients.

– C3 to \5 % RVC—close monitoring with repeat arm

volume measurement within 1–2 months.

– C5 to \10 % RVC—randomization into a prospective

trial of observation versus treatment with compression

therapy. For patients not participating in a clinical trial,

close monitoring with a repeated arm volume mea-

surement within 1–2 months.

– C10 % RVC—treatment with compression therapy or

other methods at the discretion of the healthcare

provider.

In conclusion, our data suggest that an increase in arm

volume of C5 to \10 % may represent an appropriate

threshold for intervention to prevent progression to C10 %,

a common criterion for lymphedema. An arm volume

increase of C3 to\5 % occurring[3 months after surgery is

not statistically significant for increased risk of progression

to C10 %, and therefore may be insufficient to warrant

intervention. We found that patients who undergo ALND,

have a high BMI at diagnosis, or experience elevated arm

volume within 3 months of surgery had an increased risk of

progression to C10 %, suggesting the importance of close

monitoring for these patients. Further research is warranted

to determine the efficacy of early intervention with com-

pression therapy for patients with an arm volume increase of

C5 to\10 %. In addition, future studies should address the

impact of such interventions on quality of life compared

with the benefit of preventing lymphedema development.
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