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Background: Postmastectomy radiotherapy (PMRT) has proven benefits for certain patients with
breast cancer; however, one of its complications is lymphedema. This study examines the incidence
of and risk factors associated with lymphedema secondary to PMRT.

Methods: The charts of patients treated with mastectomy at Roswell Park Cancer Institute
between January 1, 1995, and April 20, 2001, who received PMRT were reviewed. Univariate
analysis of patient, disease, and treatment variables was conducted. Multivariate analysis was
performed on variables found to be significant in univariate analysis.

Results: One hundred five patients received PMRT. The incidence of lymphedema was 27%.
Patient age, body mass index, disease stage, positive lymph nodes, nodes resected, postoperative
infection, duration of drainage, chemotherapy, and hormonal therapy were not associated with
lymphedema. Total dose (P � .032), posterior axillary boost (P � .047), overlap technique (P �
.037), radiotherapy before 1999 (P � .028), and radiotherapy at Roswell Park Cancer Institute (P
� .028) were significantly associated with lymphedema. Increased lymphedema was noted with
supraclavicular, internal mammary, mastectomy scar boost, and chest wall tangential photon beam
radiation, but the associations were not statistically significant.

Conclusions: The high incidence and debilitating effects of lymphedema must be weighed
against the benefits of PMRT. Efforts to prevent lymphedema should be emphasized.

Key Words: Lymphedema—Postmastectomy radiation—Risk factors—Complications—Breast
neoplasms.

Postmastectomy radiotherapy (PMRT) reduces locore-
gional failure and prolongs disease-free survival and
overall survival for certain patients with breast cancer.1–5

However, PMRT carries a risk of lymphedema, brachial
plexopathy, impaired shoulder mobility, chronic pain,
skin fibrosis and telangiectasia, rib fractures, pulmonary
fibrosis, and ischemic heart disease.6–18

Lymphedema is a chronic, incurable condition, the
effects of which include limb swelling, heaviness, tight-
ness, and pain.19,20 In addition, it takes a psychological
toll, causing anxiety, depression, and adjustment prob-
lems. Lymphedema affects the vocational, domestic, so-
cial, and sexual lives of those it afflicts, and it negatively
affects quality of life.21–27 It also places patients at in-
creased risk for life-threatening soft tissue infections and
malignancies.28–32

Despite its debilitating effects, the incidence of
lymphedema secondary to PMRT, delivered with mod-
ern radiotherapy techniques, has not been widely re-
ported. Furthermore, controversy exists as to which pa-
tient, disease, and treatment factors place individuals at
higher risk for developing lymphedema. The intent of
this study was to determine the incidence of lymphedema
secondary to PMRT and to identify the risk factors
associated with its occurrence.
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METHODS

The study protocol was approved by the Roswell Park
Cancer Institute (RPCI) Institutional Review Board. The
charts of 114 women treated with PMRT for breast
cancer were reviewed. Nine patients developed lymphed-
ema before radiotherapy was initiated and were excluded
from the study. The remaining 105 patients underwent
mastectomy at RPCI between January 1, 1995, and April
20, 2001. Subsequent radiotherapy was administered at
either RPCI or referral centers.

Lymphedema was defined by the presence of ipsilat-
eral arm edema noted by a treating physician. The date of
onset and the severity were determined. Severity was
classified as mild, moderate, or severe on the basis of the
impression of the treating physician at the time of phys-
ical examination.

Patient demographic variables, disease factors, and
treatment factors were determined. Patient age, body
mass index, American Joint Committee on Cancer breast
cancer stage, number of positive lymph nodes, number of
lymph nodes resected, presence of wound infection,
presence of intraoperatively placed drain for �10 days,
treatment with chemotherapy, and treatment with tamox-
ifen were recorded. Radiation administration records
were reviewed by a staff radiation oncologist (W.G.).
Radiation doses, fields, techniques, use of computed
tomography scanning in treatment planning, year of ra-
diotherapy, and whether the patient received radiother-
apy at RPCI or a referring center were determined.
Radiation fields were classified as chest wall, supracla-
vicular, and internal mammary. Radiation techniques
were classified as tangential field photon beam or en face
electron beam. The use of mastectomy scar boosting or
posterior axillary boosting was noted. The use of over-
lapping fields and compensation techniques was also
noted.

Statistical analysis was performed with SPSS for Win-
dows, version 10.0.5 (SPSS Inc., Chicago, IL). Descrip-
tive analysis was performed, and crude percentages were
calculated. Univariate and multivariate analyses were
performed, and logistic regression was used to calculate
odds ratios (OR), 95% confidence intervals (CI), and P
values.

RESULTS

One-hundred five eligible patients were identified.
Surgical treatment consisted of modified radical mastec-
tomy in 96 patients, wide local excision with axillary
lymph node dissection and subsequent simple mastec-
tomy in 7 patients, and simple mastectomy in 2 patients.

Radiotherapy was delivered to 56 patients at RPCI and to
49 patients at other facilities. Complete radiotherapy data
were available on 87 patients. The remaining 18 patients
had 1 or more incomplete radiotherapy data fields. Ad-
juvant systemic therapy included chemotherapy in 94
(90%) patients and tamoxifen in 75 (71%) patients.

Twenty-eight patients (27%) developed lymphedema.
The severity was mild in 21 (20%), moderate in 6 (6%),
and severe in 1 (1%). Median follow-up was 741 days
(range, 31–2467 days). The median time to onset of
lymphedema was 391 days (range, 33–1632 days), and
the mean time to onset was 478 days (SD, 356 days).
Median overall survival for the cohort of patients treated
with PMRT has not yet been reached.

The results of univariate analysis of patient demo-
graphics and radiation variables, displaying the OR, CI,
and P value for each variable, are listed in Tables 1 and
2, respectively. Nonradiation variables—including age,
body mass index, American Joint Committee on Cancer
stage, nodes positive, nodes resected, postoperative in-
fection, intraoperatively placed drain present �10 days,
adjuvant chemotherapy, and adjuvant tamoxifen—were
not associated with lymphedema (Table 1). Analysis of
radiation fields and techniques showed a statistically
significant association with total dose (P � .032), pos-
terior axillary boost (P � .047), overlapping technique
(P � .037), radiotherapy before 1999 (P � .028), and
radiotherapy at RPCI (P � .028; Table 2). We observed
higher rates of lymphedema among women who received
supraclavicular and internal mammary radiation and
boost radiation to the mastectomy scar or posterior axil-
lary field, but these findings were not significant. A
higher dose to any given field and a higher boost dose
were associated with higher rates of lymphedema, al-
though these associations were not all statistically sig-
nificant. Use of tangential photon beams to treat the chest
wall was associated with higher rates of lymphedema
than electrons, but the difference was not statistically
significant (30% vs. 7%; P � .088). Overlapping radia-
tion fields, used in 67% of cases, were associated with a
significant increase in lymphedema (P � .037). The rate
of lymphedema was higher for patients treated before
1999 (OR, 2.7; 95% CI, 1.1–6.6; P � .028) and for
patients treated with radiotherapy at RPCI (OR, 2.8; 95%
CI, 1.1–6.6; P � .028). On multivariate analysis of all
factors found to be significant on univariate analysis,
only treatment before 1999 was associated with a signif-
icant increase in lymphedema (OR, 3.1; 95% CI, 1.1–
8.8; P � .031; Table 3).

Patients treated before 1999 more often received �60
Gy total dose (P � .018) and �10 Gy mastectomy scar
boost radiation (P � .020). Some of the increased inci-
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dence before 1999 may be due to the longer follow-up
period for those treated earlier in the study. When the
length of follow-up is restricted to the same length of
time, the incidence of lymphedema is 28.2% for the early
versus 18.3% for the later time period, but this difference
is not statistically significant (P � .251).

Patients treated at RPCI had a higher incidence of
lymphedema. Radiation treatment characteristics for
RPCI and referring centers are compared in Table 4.
Patients treated at RPCI received a significantly higher
total radiation dose, more frequent treatment of addi-
tional fields, and more frequent and higher boost
treatments.

DISCUSSION

PMRT reduces the risk of locoregional failure and
improves overall survival for certain patients with inva-
sive breast cancer. Numerous trials have shown a benefit
in locoregional control.2,4,33–38 Three prospective ran-
domized trials showed improved overall survival for
certain subsets of patients.2–4 Treatment guidelines from
the American Society of Clinical Oncology and the Na-
tional Comprehensive Cancer Network recommend

PMRT for patients with four or more positive axillary
lymph nodes, tumors larger than 5 cm, and tumors in-
vading the skin or chest wall.1,39 PMRT for patients with
one to three positive nodes remains controversial.

PMRT increases the risk of lymphedema over that
with mastectomy with axillary dissection alone.
Lymphedema is a chronic, debilitating condition that
may result in severe consequences for those it affects.
Symptoms include limb swelling, heaviness, tightness,
and pain, and it may have harmful psychological ef-
fects.21,22,24–26 In addition, arm morbidity from breast
cancer treatment has been shown to have a significant
detrimental effect on quality of life.23,27 Relatively little
attention is given to lymphedema in studies of PMRT.
Several prominent studies do not even report the inci-
dence of lymphedema as a consequence of
treatment.33,34,36,38,40,41

The reported incidence of lymphedema secondary to
PMRT ranges from 0% to 54%13,14,35,37,42–48 (Table 5).
These widely discrepant rates may be due to varying
study designs, lymphedema definitions, and measure-
ment techniques. Retrospective studies tend to underes-
timate incidence because of a lack of documentation in
the medical record, transient signs and symptoms, de-

TABLE 1. Univariate analysis of patient demographics

Variable n
Lymphedema

(%) OR CI P value

Age (y)
�50 56 18 (32.1) 1.000 .222–1.322 .178
�50 49 10 (20.4) .541

BMI (kg/m2)
�30 77 21 (27.3) 1.000 .330–2.396 .816
�30 28 7 (25.0) .889

Stage
I 3 1 (33.3) 1.000 NA NA
II 63 18 (28.6) .800 .068–9.382 .859
III 36 8 (22.2) .571 .046–7.143 .571
IV 2 1 (50.0) 2.00 .051–78.250 .711

Nodes positive
�5 55 16 (29.1) 1.000 .322–1.840 .556
�5 50 12 (24.0) .770

Nodes resected
�19 55 15 (27.3) 1.000 .394–2.229 .883
�19 50 13 (26.0) .937

Postoperative infection
� 89 22 (24.7) 1.000 .627–7.552 .221
� 12 5 (14.7) 2.175

Drain present �10 d
� 55 17 (30.9) 1.000 .127–1.168 .092
� 34 5 (14.7) .386

Chemotherapy
� 11 3 (27.3) 1.000 .237–3.932 .962
� 94 25 (26.6) .966

Tamoxifen
� 30 11 (36.7) 1.000 .202–1.268 .146
� 75 17 (22.7) .506

OR, odds ratio; CI, confidence interval; BMI, body mass index; NA, not available.
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layed onset, and failure to check for lymphedema. Pro-
spective studies avoid many of these problems, but many
of these are flawed by inconsistent lymphedema defini-
tions and measures. Our study is retrospective and there-
fore may suffer from these limitations. However, even
with these limitations, it showed that clinically evident
lymphedema occurred in at least 27% of patients at a
median follow-up of 741 days. Additional cases are
likely to occur as follow-up continues.

A strength of this study is the systematic examination
of the association of nonradiation and radiation variables
with lymphedema. None of the nonradiation factors in-

vestigated was associated with lymphedema. Although this
may be due, in part, to the small sample size, none of these
factors was consistently associated with PMRT lymphed-
ema in other studies. There are conflicting reports on the
association of age, body habitus, breast cancer stage, num-
ber of positive nodes, and number of nodes resected with
lymphedema secondary to breast cancer treatment.49–54

Wound complications and prolonged postoperative drain-
age have not been reported to be associated with lymphed-
ema. Systemic therapy has generally not been associated
with lymphedema, although one report demonstrated an
decreased risk with chemotherapy.50,52–54

TABLE 2. Univariate analysis of radiation variables

Variable n
Lymphedema

(%) OR CI P value

Total dose (Gy)
�60 56 10 (17.9) 1.000 1.089–6.551 .032
�60 49 18 (36.7) 2.670

Supraclavicular radiation
No 19 3 (15.8) 1.000 .585–8.163 .245
Yes 86 25 (29.1) 2.185

Supraclavicular dose (Gy)
�50.40 35 7 (20.0) 1.000 .796–5.977 .129
�50.40 51 18 (35.3) 2.182

Internal mammary radiation
No 96 25 (26.0) 1.000 .330–6.108 .638
Yes 9 3 (33.3) 1.420

Internal mammary dose (Gy)
�50.40 3 0 (.0) NA NA NA
�50.40 6 3 (50.0)

Mastectomy scar boost radiation
No 42 10 (23.8) 1.000 .558–3.371 .491
Yes 60 18 (30.0) 1.371

Mastectomy scar boost dose (Gy)
�10 43 11 (25.6) 1.000 .623–6.655 .239
�10 17 7 (41.2) 2.036

Posterior axillary boost
No 87 20 (23.0) 1.000 1.016–8.728 .047
Yes 17 8 (47.1) 2.978

Chest wall tangents
No 15 1 (6.7) 1.000 .763–48.703 .088
Yes 89 27 (30.3) 6.095

Chest wall electron field
No 89 27 (30.3) 1.000 .021–1.311 .088
Yes 15 1 (6.7) .164

Overlap technique
No 30 4 (13.3) 1.000 1.076–11.363 .037
Yes 60 21 (35.0) 3.497

Compensation
No 16 1 (6.3) 1.000 .838–53.476 .073
Yes 81 25 (30.9) 6.694

CT planning
No 12 3 (25.0) 1.000 .272–4.370 .902
Yes 90 24 (26.7) 1.091

Radiotherapy before 1999
No 60 11 (18.3) 1.000 1.111–6.579 .028
Yes 45 17 (37.8) 2.703

Radiotherapy at RPCI
No 49 8 (16.3) 1.000 1.119–7.245 .028
Yes 56 20 (35.7) 2.847

OR, odds ratio; CI, confidence interval; NA, not available; CT, computed tomography; RPCI, Roswell Park Cancer Institute.
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This study revealed that total dose and posterior axil-
lary boost were significantly associated with lymphed-
ema. In addition, there was a trend toward increased
lymphedema with the addition of any given treatment
field and with higher doses to each field. This increased
risk with increased volume and dose requires that we

consider the relative risks and benefits when selecting
treatment fields. The chest wall is the most common site
of postmastectomy recurrence and may be involved in as
many as 60% to 80% of patients with recurrence; it
should be included with PMRT.2,4,10,18,35,41,55–65

The second most common site of locoregional failure
is the supraclavicular fossa. The cumulative incidence of
failure ranges from 10% to 35%.10,55–62 The risk of
supraclavicular recurrence is related to the number of
positive nodes.66–69 For patients with negative or one to
three positive axillary nodes, the absolute risk of isolated
regional nodal failure in the supraclavicular fossa is
�2%.62,70,71 Radiation to the supraclavicular field is
probably not beneficial for patients with limited nodal
involvement.

The risk of recurrence in the dissected, nonradiated
axilla after mastectomy is low, and in the context of
breast-conserving therapy with radiation, the risk of ax-
illary recurrence after dissection is even lower.55,59,61,72,73

Radiation to the chest wall and supraclavicular fossa,
omitting the dissected axilla, provides high rates of lo-
coregional control. Radiation to the dissected axilla in-
curs high rates of lymphedema (47% in this study). This
high incidence of lymphedema must be weighed against
the limited benefit of radiation to the dissected axilla.

The internal mammary lymph nodes are involved in
21% to 53% of patients with positive axillary nodes, and
involvement is more common for inner quadrant and
central tumors.74–77 Internal mammary failure is uncom-
mon. Fewer than 10% of patients with locoregional re-
currence experience treatment failure in the internal
mammary nodes.10,55–62 Recent prospective, randomized
studies showing a survival benefit for PMRT included
the internal mammary field. The added risk of lymphed-
ema with internal mammary radiation is unknown.2–4

TABLE 3. Multivariate analysis

Variable OR CI P value

Radiotherapy at RPCI 1.352 .232–7.885 .73
Radiotherapy before 1999 3.135 1.109–8.850 .03
Total radiation dose �60 Gy 1.983 .516–7.622 .32
Overlap technique used 1.927 .405–9.165 .41
Posterior axillary boost given 1.433 .419–4.904 .57

OR, odds ratio; CI, confidence interval; RPCI, Roswell Park Cancer
Institute.

TABLE 4. Comparison of radiotherapy characteristics by
treatment center

Radiotherapy technique
RPCI

(n � 56)
Referring center

(n � 49)
P

value

Total dose (Gy)
�60 17 (30.4%) 39 (79.6%) �.001
�60 39 (69.6%) 10 (20.4%)

Supraclavicular radiation
No 4 (7.1%) 15 (30.6%) .002
Yes 52 (92.9%) 34 (69.4%)

Supraclavicular dose (Gy)
�50.40 22 (42.3%) 13 (38.2%) .707
�50.40 30 (57.7%) 21 (61.8%)

Internal mammary radiation
No 48 (85.7%) 48 (98.0%) .025
Yes 8 (14.3%) 1 (2.0%)

Internal mammary dose (Gy)
�50.40 3 (37.5%) 0 (.0%) .453
�50.40 5 (62.5%) 1 (100.0%)

Mastectomy scar boost radiation
No 8 (14.3%) 34 (73.9%) �.001
Yes 48 (85.7%) 12 (26.1%)

Mastectomy scar boost dose (Gy)
�10.01 37 (77.1%) 6 (50.0%) .063
�10.01 11 (22.9%) 6 (50.0%)

Posterior axillary boost
No 43 (76.8%) 44 (91.7%) .041
Yes 13 (23.2%) 4 (8.3%)

Chest wall tangents
No 1 (1.8%) 14 (29.2%) �.001
Yes 55 (98.2%) 34 (70.8%)

Chest wall electron field
No 55 (98.2%) 34 (70.8%) �.001
Yes 1 (1.8%) 14 (29.2%)

Overlap technique
No 5 (8.9%) 25 (73.5%) �.001
Yes 51 (91.1%) 9 (26.5%)

Compensation
No 0 (.0%) 16 (39.0%) �.001
Yes 56 (100.0%) 25 (61.0%)

CT planning
No 1 (1.8%) 11 (23.9%) .001
Yes 55 (98.2%) 35 (76.1%)

RPCI, Roswell Park Cancer Institute; CT, computed tomography.

TABLE 5. Incidence of postmastectomy lymphedema in
published series

Study Year Patients Incidence

Present study 2004 105 27%
Johansson47 2002 150 54%
Hojris13 2000 42 26%
Shikama48 1999 105 0%
Schunemann42 1998 579 (RM) 44%

2148 (MRM) 29%
Ragaz35 1997 154 10%
Pezner43 1989 34 21%
Ryttov14 1988 13 46%
Brismar44 1983 58 26%
Ahmann37 1982 108 54%
Gregl45 1978 1203 45%
Gregl46 1967 1155 34%

RM, radical mastectomy; MRM, modified radical mastectomy.
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The technique of radiation delivery may affect the
incidence of lymphedema. Patients treated with chest
wall electron beams had less lymphedema than those
treated with tangential photon beams. Us of overlapping
radiation fields was associated with increased incidence
and may be a preventable factor that increases the risk of
lymphedema. A monoisocentric technique that avoids
overlap is now being used at RPCI.

Radiotherapy during the earlier years of the study
(1995–1998) was associated with increased lymphedema
risk compared with treatment after 1998. When fol-
low-up of the early group was censured at the length of
follow-up for the later group, the incidence of lymphed-
ema remained higher for the group treated earlier (28%
vs. 18%), although this difference was not statistically
significant. With continued follow-up, the lymphedema
rates in the two groups may be similar. Patients treated
from 1995 to 1998 did receive higher total mastectomy
scar boost doses of radiation, and this may have contrib-
uted to the higher incidence of lymphedema in this
group.

A significantly higher incidence of lymphedema was
noted among patients treated at RPCI. RPCI patients
received higher radiation doses, additional treatment
fields, and radiation boosting. This more aggressive ra-
diation may account for the increased incidence of
lymphedema. Whether higher radiation doses further re-
duce the rate of local failure cannot be determined from
these data. The small sample sizes limit the power of
such an analysis.

Our data indicate that lymphedema is a common com-
plication of PMRT. It is significantly associated with an
increased total radiotherapy dose, posterior axillary boost
radiation, and overlapping technique. Multivariate anal-
ysis showed only the year of radiotherapy to be signifi-
cantly associated with lymphedema incidence. However,
the small size of this study limits the value of multivar-
iate analysis. The risk of lymphedema must be consid-
ered when the benefits of PMRT are weighed. With
advanced nodal disease, PMRT clearly reduces the risk
of both locoregional failure and death. With more limited
disease, the role of PMRT is less clear. When PMRT is
used, a monoisocentric technique is preferred to prevent
any increased risk of lymphedema from overlapping
fields.

Because lymphedema is a chronic and debilitating
condition, measures to prevent it are important. Beyond
minimizing extended nodal therapy, there are limited
data on specific measures to prevent lymphedema. Pa-
tients should be advised of the risk of lymphedema,
instructed in skin care, and educated to detect its symp-
toms. Treatment should include referral to a multidisci-

plinary lymphedema treatment center that includes prac-
titioners trained in comprehensive lymphedema
management. Despite these treatments, lymphedema re-
mains a prevalent and potentially incapacitating
condition.

REFERENCES

1. Recht A, Edge SB, Solin LJ, et al. Postmastectomy radiotherapy:
clinical practice guidelines of the American Society of Clinical
Oncology. J Clin Oncol 2001;19:1539–69.

2. Overgaard M, Hansen PS, Overgaard J, et al. Postoperative radio-
therapy in high-risk premenopausal women with breast cancer who
receive adjuvant chemotherapy. Danish Breast Cancer Cooperative
Group 82b Trial. N Engl J Med 1997;337:949–55.

3. Ragaz J, Jackson S, Le N, et al. Postmastectomy radiation outcome
in node positive breast cancer patients among N1–3 versus N4�
subsets: impact of extracapsular spread. Update of British Colum-
bia Randomized Trial (abstract). Proc Am Soc Clin Oncol 1999;
274:73.

4. Overgaard M, Jensen MB, Overgaard J, et al. Postoperative radio-
therapy in high-risk postmenopausal breast-cancer patients given
adjuvant tamoxifen: Danish Breast Cancer Cooperative Group
DBCG 82c randomised trial. Lancet 1999;353:1641–8.

5. Harris JR, Halpin-Murphy P, McNeese M, Mendenhall NP, Mor-
row M, Robert NJ. Consensus statement on postmastectomy radi-
ation therapy. Int J Radiat Oncol Biol Phys 1999;44:989–90.

6. Olsen NK, Pfeiffer P, Johannsen L, Schroder H, Rose C. Radia-
tion-induced brachial plexopathy: neurological follow-up in 161
recurrence-free breast cancer patients. Int J Radiat Oncol Biol Phys
1993;26:43–9.

7. Cuzick J, Stewart H, Rutqvist L, et al. Cause-specific mortality in
long-term survivors of breast cancer who participated in trials of
radiotherapy. J Clin Oncol 1994;12:447–53.

8. Tasmuth T, von Smitten K, Hietanen P, Kataja M, Kalso E. Pain
and other symptoms after different treatment modalities of breast
cancer. Ann Oncol 1995;6:453–9.

9. Overgaard M, Bentzen SM, Christensen JJ, Madsen EH. The value
of the NSD formula in equation of acute and late radiation com-
plications in normal tissue following 2 and 5 fractions per week in
breast cancer patients treated with postmastectomy irradiation.
Radiother Oncol 1987;9:1–11.

10. Overgaard M, Christensen JJ, Johansen H, et al. Postmastectomy
irradiation in high-risk breast cancer patients. Present status of the
Danish Breast Cancer Cooperative Group trials. Acta Oncol 1988;
27:707–14.

11. Swedborg I, Wallgren A. The effect of pre- and postmastectomy
radiotherapy on the degree of edema, shoulder-joint mobility, and
gripping force. Cancer 1981;47:877–81.

12. Segerstrom K, Bjerle P, Nystrom A. Importance of time in assess-
ing arm and hand function after treatment of breast cancer. Scand
J Plast Reconstr Surg Hand Surg 1991;25:241–4.

13. Hojris I, Andersen J, Overgaard M, Overgaard J. Late treatment-
related morbidity in breast cancer patients randomized to postmas-
tectomy radiotherapy and systemic treatment versus systemic treat-
ment alone. Acta Oncol 2000;39:355–72.

14. Ryttov N, Holm NV, Qvist N, Blichert-Toft M. Influence of
adjuvant irradiation on the development of late arm lymphedema
and impaired shoulder mobility after mastectomy for carcinoma of
the breast. Acta Oncol 1988;27:667–70.

15. Host H, Brennhovd IO, Loeb M. Postoperative radiotherapy in
breast cancer—long-term results from the Oslo study. Int J Radiat
Oncol Biol Phys 1986;12:727–32.

16. Jones JM, Ribeiro GG. Mortality patterns over 34 years of breast
cancer patients in a clinical trial of post-operative radiotherapy.
Clin Radiol 1989;40:204–8.

578 C. S. HINRICHS ET AL.

Ann Surg Oncol, Vol. 11, No. 6, 2004



17. Haybittle JL, Brinkley D, Houghton J, A’Hern RP, Baum M.
Postoperative radiotherapy and late mortality: evidence from the
Cancer Research Campaign trial for early breast cancer. BMJ
1989;298:1611–4.

18. Rutqvist LE, Lax I, Fornander T, Johansson H. Cardiovascular
mortality in a randomized trial of adjuvant radiation therapy versus
surgery alone in primary breast cancer. Int J Radiat Oncol Biol
Phys 1992;22:887–96.

19. Tracy GD, Reeve TS, Fitzsimons E, Rundle FF. Observations on
the swollen arm after radical mastectomy. Aust N Z J Surg 1961;
30:204–8.

20. Newman ML, Brennan M, Passik S. Lymphedema complicated by
pain and psychological distress: a case with complex treatment
needs. J Pain Symptom Manage 1996;12:376–9.

21. Tobin MB, Lacey HJ, Meyer L, Mortimer PS. The psychological
morbidity of breast cancer-related arm swelling. Psychological
morbidity of lymphoedema. Cancer 1993;72:3248–52.

22. Carter BJ. Women’s experiences of lymphedema. Oncol Nurs
Forum 1997;24:875–82.

23. Velanovich V, Szymanski W. Quality of life of breast cancer
patients with lymphedema. Am J Surg 1999;177:184–7; discussion
188.

24. Passik S, Newman M, Brennan M, Holland J. Psychiatric consul-
tation for women undergoing rehabilitation for upper-extremity
lymphedema following breast cancer treatment. J Pain Symptom
Manage 1993;8:226–33.

25. Passik SD, McDonald MV. Psychosocial aspects of upper extrem-
ity lymphedema in women treated for breast carcinoma. Cancer
1998;83(12 Suppl American):2817–20.

26. Passik SD, Newman M, Brennan M. Predictors of psychological
distress, sexual dysfunction and physical functioning among
women with upper extremity lymphedema related to breast cancer.
Psycho-Oncology 1995;4:255–63.

27. Kwan W, Jackson J, Weir LM, Dingee C, McGregor G, Olivotto
IA. Chronic arm morbidity after curative breast cancer treatment:
prevalence and impact on quality of life. J Clin Oncol 2002;20:
4242–8.

28. Karcher KH. Clinical aspects and therapy of angioplastic sarcoma
of the edamatous arm following mastectomy (Stewart-Treves syn-
drome) (in German). Strahlentherapie 1966;131:255–63.

29. Mortimer P, Regnard C. Lymphostatic disorders. BMJ (Clin Res
Ed) 1986;293:347–8.

30. Meissner HJ. Das Stewart-Treves-Syndrom. Akuelle Chir 1977;12:
25.

31. Zschoch H. Stewart-Treves syndrome (in German). Zentralbl Chir
1975;100:868–72.

32. Mortimer PS. The pathophysiology of lymphedema. Cancer 1998;
83:2798–802.

33. Velez-Garcia E, Carpenter JT, Moore M, et al. Postsurgical adju-
vant chemotherapy with or without radiotherapy in women with
breast cancer and positive axillary nodes: a South-Eastern Cancer
Study Group (SEG) Trial. Eur J Cancer 1992;28A:1833–7.

34. Tennvall-Nittby L, Tengrup I, Landberg T. The total incidence of
loco-regional recurrence in a randomized trial of breast cancer
TNM stage II. The South Sweden Breast Cancer Trial. Acta Oncol
1993;32:641–6.

35. Ragaz J, Jackson SM, Le N, et al. Adjuvant radiotherapy and
chemotherapy in node-positive premenopausal women with breast
cancer. N Engl J Med 1997;337:956–62.

36. McArdle CS, Crawford D, Dykes EH, et al. Adjuvant radiotherapy
and chemotherapy in breast cancer. Br J Surg 1986;73:264–6.

37. Ahmann DL, O’Fallon JR, Scanlon PW, et al. A preliminary
assessment of factors associated with recurrent disease in a surgical
adjuvant clinical trial for patients with breast cancer with special
emphasis on the aggressiveness of therapy. Am J Clin Oncol
1982;5:371–81.

38. Griem KL, Henderson IC, Gelman R, et al. The 5-year results of a
randomized trial of adjuvant radiation therapy after chemotherapy

in breast cancer patients treated with mastectomy. J Clin Oncol
1987;5:1546–55.

39. Carlson RW, Edge SB, Theriault RL. NCCN: breast cancer. Can-
cer Control 2001;8(6 Suppl 2):54–61.

40. Blomqvist C, Tiusanen K, Elomaa I, et al. The combination of
radiotherapy, adjuvant chemotherapy (cyclophosphamide-doxoru-
bicin-ftorafur) and tamoxifen in stage II breast cancer. Long-term
follow-up results of a randomised trial. Br J Cancer 1992;66:
1171–6.

41. Klefstrom P, Grohn P, Heinonen E, et al. Adjuvant postoperative
radiotherapy, chemotherapy, and immunotherapy in stage III breast
cancer. II. 5-year results and influence of levamisole. Cancer
1987;60:936–42.

42. Schunemann H, Willich N. Lymphoedema of the arm after primary
treatment of breast cancer. Anticancer Res 1998;18:2235–6.

43. Pezner RD, Lipsett JA, Forell B, et al. The reverse hockey stick
technique: postmastectomy radiation therapy for breast cancer
patients with locally advanced tumor presentation or extensive
loco-regional recurrence. Int J Radiat Oncol Biol Phys 1989;17:
191–7.

44. Brismar B, Ljungdahl I. Postoperative lymphoedema after treat-
ment of breast cancer. Acta Chir Scand 1983;149:687–9.

45. Gregl A, Heitmann D, Krack U. Frequency, clinical and radiolog-
ical symptomatology and therapy of the arm oedema combined
with mastocarcinoma (author’s transl) (in German). Strahlenthera-
pie 1978;154:482–8.

46. Gregl A, Poppe H, Pohls H, Kienle J, Schwartz T, Stelzner J.
Occurrence, pathogenesis and clinical symptoms of arm edema in
breast carcinoma (in German). Strahlentherapie 1967;133:499–
515.

47. Johansson S, Svensson H, Denekamp J. Dose response and latency
for radiation-induced fibrosis, edema, and neuropathy in breast
cancer patients. Int J Radiat Oncol Biol Phys 2002;52:1207–19.

48. Shikama N, Oguchi M, Sone S, et al. Radiotherapy following
mastectomy: indication and contraindication of chest wall irradia-
tion. Int J Radiat Oncol Biol Phys 1999;44:991–6.

49. Segerstrom K, Bjerle P, Graffman S, Nystrom A. Factors that
influence the incidence of brachial oedema after treatment of breast
cancer. Scand J Plast Reconstr Surg Hand Surg 1992;26:223–7.

50. Kissin MW, Querci della Rovere G, Easton D, Westbury G. Risk
of lymphoedema following the treatment of breast cancer. Br J
Surg 1986;73:580–4.

51. Keramopoulos A, Tsionou C, Minaretzis D, Michalas S, Aravanti-
nos D. Arm morbidity following treatment of breast cancer with
total axillary dissection: a multivariated approach. Oncology 1993;
50:445–9.

52. Werner RS, McCormick B, Petrek J, et al. Arm edema in conser-
vatively managed breast cancer: obesity is a major predictive
factor. Radiology 1991;180:177–84.

53. Pezner RD, Patterson MP, Hill LR, et al. Arm lymphedema in
patients treated conservatively for breast cancer: relationship to
patient age and axillary node dissection technique. Int J Radiat
Oncol Biol Phys 1986;12:2079–83.

54. Kiel KD, Rademacker AW. Early-stage breast cancer: arm edema
after wide excision and breast irradiation. Radiology 1996;198:
279–83.

55. Crowe JP Jr, Gordon NH, Antunez AR, Shenk RR, Hubay CA,
Shuck JM. Local-regional breast cancer recurrence following mas-
tectomy. Arch Surg 1991;126:429–32.

56. Ballo MT, Strom EA, Prost H, et al. Local-regional control of
recurrent breast carcinoma after mastectomy: does hyperfraction-
ated accelerated radiotherapy improve local control? Int J Radiat
Oncol Biol Phys 1999;44:105–12.

57. Bedwinek JM, Lee J, Fineberg B, Ocwieza M. Prognostic indica-
tors in patients with isolated local-regional recurrence of breast
cancer. Cancer 1981;47:2232–5.

58. Schwaibold F, Fowble BL, Solin LJ, Schultz DJ, Goodman RL.
The results of radiation therapy for isolated local regional recur-

579LYMPHEDEMA SECONDARY TO POSTMASTECTOMY RADIATION

Ann Surg Oncol, Vol. 11, No. 6, 2004



rence after mastectomy. Int J Radiat Oncol Biol Phys 1991;21:
299–310.

59. Andry G, Suciu S, Vico P, et al. Locoregional recurrences after 649
modified radical mastectomies: incidence and significance. Eur
J Surg Oncol 1989;15:476–85.

60. Toonkel LM, Fix I, Jacobson LH, Wallach CB. The significance of
local recurrence of carcinoma of the breast. Int J Radiat Oncol Biol
Phys 1983;9:33–9.

61. Fowble B, Gray R, Gilchrist K, Goodman RL, Taylor S, Tormey
DC. Identification of a subgroup of patients with breast cancer and
histologically positive axillary nodes receiving adjuvant chemo-
therapy who may benefit from postoperative radiotherapy. J Clin
Oncol 1988;6:1107–17.

62. Strom EA, McNeese MD. Postmastectomy irradiation: rationale
for treatment field selection. Semin Radiat Oncol 1999;9:247–53.

63. Arriagada R, Rutqvist LE, Mattsson A, Kramar A, Rotstein S.
Adequate locoregional treatment for early breast cancer may pre-
vent secondary dissemination. J Clin Oncol 1995;13:2869–78.

64. Grohn P, Heinonen E, Klefstrom P, Tarkkanen J. Adjuvant post-
operative radiotherapy, chemotherapy, and immunotherapy in
stage III breast cancer. Cancer 1984;54:670–4.

65. Auquier A, Rutqvist LE, Host H, Rotstein S, Arriagada R. Post-
mastectomy megavoltage radiotherapy: the Oslo and Stockholm
trials. Eur J Cancer 1992;28:433–7.

66. Danforth DN Jr, Findlay PA, McDonald HD, et al. Complete
axillary lymph node dissection for stage I-II carcinoma of the
breast. J Clin Oncol 1986;4:655–62.

67. Pigott J, Nichols R, Maddox WA, Balch CM. Metastases to the
upper levels of the axillary nodes in carcinoma of the breast and its
implications for nodal sampling procedures. Surg Gynecol Obstet
1984;158:255–9.

68. Rosen PP, Lesser ML, Kinne DW, Beattie EJ. Discontinuous or
“skip” metastases in breast carcinoma. Analysis of 1228 axillary
dissections. Ann Surg 1983;197:276–83.

69. Veronesi U, Rilke F, Luini A, et al. Distribution of axillary node
metastases by level of invasion. An analysis of 539 cases. Cancer
1987;59:682–7.

70. Recht A, Pierce SM, Abner A, et al. Regional nodal failure after
conservative surgery and radiotherapy for early-stage breast carci-
noma. J Clin Oncol 1991;9:988–96.

71. Halverson KJ, Taylor ME, Perez CA, et al. Regional nodal man-
agement and patterns of failure following conservative surgery and
radiation therapy for stage I and II breast cancer. Int J Radiat
Oncol Biol Phys 1993;26:593–9.

72. Vicini FA, Horwitz EM, Lacerna MD, et al. The role of regional
nodal irradiation in the management of patients with early-stage
breast cancer treated with breast-conserving therapy. Int J Radiat
Oncol Biol Phys 1997;39:1069–76.

73. Mehta K, Haffty BG. Long-term outcome in patients with four or
more positive lymph nodes treated with conservative surgery and
radiation therapy. Int J Radiat Oncol Biol Phys 1996;35:679–85.

74. Urban JA, Marjani MA. Significance of internal mammary lymph
node metastases in breast cancer. Am J Roentgenol Radium Ther
Nucl Med 1971;111:130–6.

75. Bucalossi P, Veronesi U, Zingo L, Cantu C. Enlarged mastectomy
for breast cancer. Review of 1,213 cases. Am J Roentgenol Radium
Ther Nucl Med 1971;111:119–22.

76. Handley RS. Carcinoma of the breast. Ann R Coll Surg Engl
1975;57:59–66.

77. Li KY. An analysis of 1,242 cases of extended radical mastectomy.
Breast 1984;10:10–9.

580 C. S. HINRICHS ET AL.

Ann Surg Oncol, Vol. 11, No. 6, 2004


