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Adjuvant therapy in the treatment of breast cancer com-
monly refers to therapies that supplement primary treat-
ment, traditionally mastectomy and, more recently,
breast-conserving surgery. Postmastectomy adjuvant ther-
apies include systemic chemical and hormonal therapies,
as well as loco-regional radiotherapy. Implicit in an ex-
amination of the role that each of these adjuvants may
play in the treatment of breast cancer is an understand-
ing of the mechanisms of the disease. The widely held
belief that all breast cancer is a systemic disease coheres
with the current emphasis on the importance of systemic
therapies for disease control and cure. The growing
recognition that some early disease is localized, however,
has resurrected the importance of controlling local dis-
ease and therefore the essential role of radiotherapy.

This paper examines the evolution of systemic thera-
pies and radiotherapy in their role as adjuvants to mas-
tectomy. We have limited this discussion to adjuvant
therapy associated with mastectomy, and do not discuss
the issues pertaining to breast-conservation surgery. De-
spite the well-established evidence that breast-conserving
surgery is a viable, and often preferred, treatment of
choice for many women with early breast cancer, mas-
tectomy is still commonly used and issues of adjuvant
therapies in this setting remain important to the optimal
care of these patients.

Although we use the term adjuvant as it is commonly
understood, we also want to draw attention to the fact
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that just as treatment has evolved, so too has the term
adjuvant itself. No longer is it accurate to limit our
understanding of adjuvant to systemic therapies or ra-
diotherapy, since current and investigational treatment
includes regimens that, for example, use induction
chemotherapy prior to surgery. Given this understanding
of the changing concept of adjuvant, we attempt to
provide a context in which to describe the current treat-
ment options for breast cancer management. To that
end, a brief summary of the development of systemic
therapies and radiotherapy is given followed by a de-
scription of treatment options according to disease stage.

SYSTEMIC THERAPIES

Recommendations from the recent conference on adju-
vant therapy of primary breast cancer held in St. Gallen,
Switzerland confirmed the now essential role of adjuvant
systemic therapies in the treatment of most women with
breast cancer (1). This follows the publication of the
1992 worldwide overview on systemic treatment of early
breast cancer, which showed decreased mortality in
lymph node-negative and positive patients treated by
ovarian oblation, tamoxifen, or chemotherapy after mas-
tectomy (2). With this publication, all current random-
ized trials on mastectomy, as well as on conservative
surgery, now include systemic therapies as an essential
aspect of treatment.
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Hormonal suppression

Hormonal suppression was the first systemic approach
used as an adjuvant to mastectomy,
chemotherapy, for the treatment of metastatic disease.
Early studies of the effects of hormonal suppression by
surgery (ovariectomy) indicated a benefit to patients with
advanced primary, recurrent, or distant metastatic disease

initially, like

(3, 4). Irradiation also was shown to elicit an artificial
menopause in inoperable breast cancer (5). Because of the
success of ovarian ablation on metastatic disease, its use as
a preventative treatment against disease recurrence was
considered. In 1934, ovarian ablation was introduced as
routine therapy along with radical mastectomy to inhibit
metastatic disease (6). The term ‘prophylactic’ artificial
menopause was coined, and by 1957, prophylactic ovariec-
tomy was considered to delay the onset of recurrence and
to prolong life (7). However, based on a study that showed
no survival difference between prophylactic ovariectomy
and ovarian ablation at the time of recurrence (8), there
followed a marked cessation of the use of prophylactic
ovariectomy for many years.

Another method of hormonal suppression of cancer was
introduced during the 1960s with the finding that adminis-
tered estrogen or androgen hormones produced regression
of metastatic breast cancer. Early studies comparing the
effect of estrogen and androgen hormones on metastatic
disease regression revealed that androgenic hormones were
not as effective as estrogenic hormones in postmenopausal
women with metastatic breast cancer. Those patients with
inoperable primary lesions and local spread had higher
response rates than patients with osseous or visceral
metastases (9). Early studies demonstrated that surgical
procedures were considered of possible curative value and,
certainly, of palliative benefit in isolated instances of ad-
vanced primary cancer of the breast of which hormonal
therapy was initially effective. Therefore, it was thought
that absolute survival rates could be improved if hormonal
therapy was administered prior to mastectomy in post-
menopausal women with stage II breast cancer (10).

The estrogen antagonist, tamoxifen, was introduced as
an effective anti-breast cancer agent over 20 years ago and
has evolved as one of the current treatment options for
subgroups of breast cancer patients. Initial reports showed
that tumors containing estrogen receptors and those that
responded to previous hormonal manipulation were most
likely to respond to tamoxifen in a range of 60—70% (11).
Patients with receptor-negative tumors or with a history of
failure of previous hormonal treatments did not respond
to tamoxifen therapy. Women with estrogen receptor-posi-
tive tumors and with therapy duration of at least five years
were found to benefit the most from tamoxifen in terms of
reduced relapse and mortality rates. Comparison of di-
ethylstilbestrol
women revealed that the antitumor response was similar,

versus tamoxifen in postmenopausal
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but tamoxifen had fewer side-effects (12). Other benefits
include low cost and easy administration. In a 1995 con-
sensus panel, tamoxifen was regarded as the adjuvant
treatment of choice for all estrogen receptor-positive,
node-positive, postmenopausal patients and all elderly pa-
tients. In premenopausal patients with receptor-positive
tumors undergoing adjuvant chemotherapy, follow-up
treatment with tamoxifen was recommended (13). Tamox-
ifen is now used in postmenopausal patients, receptor-pos-
itive where the lesions are greater than 1 cm (stage I).
Since it reduces the risk of new contralateral cancers,
tamoxifen is currently being evaluated as a preventive
agent in women at high risk for breast cancer (14). The
benefit from adjuvant hormonal therapy in smaller lesions
is negligible.

Long-term data on the effects of ovarian ablation,
whether by surgery, irradiation, or chemical suppression,
from the Early Breast Cancer Trialists’ Collaborative
Group overview of ovarian ablation in early breast cancer
indicate significant recurrence-free and overall survival
among women under 50 years old treated by ovarian
ablation after 15 years of follow-up. No similar significant
benefits have been found in women older than 50 years

(15).
Cytotoxic chemotherapy

Early studies on chemotherapy demonstrated the value of
chemotherapy in the treatment of metastatic breast cancer.
Similar to hormonal therapy, the success of adjuvant
chemotherapy for advanced disease initiated its use for
early disease. Over 20 years ago, two major reports began
the era of chemotherapy following modified mastectomy
or lumpectomy with radiotherapy for women with early
breast cancer (16, 17). The survival advantage in pre-
menopausal node-positive patients reported in these stud-
ies resulted in both a consensus statement by the National
Cancer Institute that advocated for the standard use of
chemotherapy in this subgroup of patients (18) and a
change in the perception of the disease itself from one that
was sometimes localized to one that was always systemic
(19). Based on these changes in disease perception and
treatment, past and current chemotherapy studies have
looked at the benefits of chemotherapy in other subgroups
of women, such as node-negative premenopausal women
and postmenopausal women. Results from the 1992
overview of systemic therapies expanded the benefits of
chemotherapy to include node-negative disease (2). Still
questioned, however, is whether women with negative
nodes and lesions of 1 cm or less benefit from adjuvant
chemotherapy. Currently, the most effective drug combi-
nations to treat premenopausal women with breast cancer
are S-fluorouracil, methotrexate, cyclophosphamide or
doxorubicin (CMF or CAF).

For other subgroups of women, different combinations
of treatment modalities have evolved as a further develop-
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ment in the role of chemotherapy in breast cancer manage-
ment. Induction chemotherapy (preoperative chemother-
apy) is now used for subgroups of patients with large
tumors (greater than 5 cm) based on the idea developed
earlier in hormonal studies that reducing tumor size prior
to surgery predicted increased survival rates. Data have
verified this theory as reported in a recent study of the
National Surgical Adjuvant Breast and Bowel Project B-18
in which survival was improved in women with tumors
greater than 5 cm given preoperative chemotherapy fol-
lowed by lumpectomy and radiation (20). For post-
menopausal women, the combination of hormonal
therapies and chemotherapy are being studied for their
combined benefits versus either modality alone. The com-
bination of postmastectomy radiotherapy and chemother-
apy for premenopausal women, node-negative or positive,
continues to be examined, as will be discussed in the
following section on postmastectomy radiotherapy. Con-
tinuing development of chemotherapy combinations in-
volving new agents (e.g., toxanes, biphosphonates,
tamoxifen analogs) will add to the complexities of the best
sequential use of the three major treatment modalities.
New approaches to drug therapy of breast cancer in-
volve strategies to increase dose intensity, which include
dose escalations, dose density, scheduling, and the use of
cytokines (G-CSF). Other new modalities may include
inhibitors of cancer cell proliferation, exploitation of
growth factor receptors, monoclonal antibodies, immunol-
ogy, and vaccines, among many (21). The integration of
such new additions to the management of breast cancer
emphasizes the potential of systemic therapies.

POSTMASTECTOMY RADIOTHERAPY

The role of postmastectomy radiotherapy has gone
through several changes over the years. Up until 1954,
irradiation as an adjuvant to mastectomy was considered
unquestioned standard practice. Beginning with studies by
Patterson in the 1950s (22) that showed no improvement in
survival and possibly a decrease in survival in younger
women treated with irradiation, the role of radiotherapy
came under scrutiny. Various factors converged in the
1970s and 1980s to challenge the belief that adjuvant
radiotherapy was an essential part of treatment. Early
overview studies on postoperative irradiation by Stjern-
swird in the 1970s (23) introduced the first skepticism on
the role of postmastectomy irradiation. The decreased
survival in the irradiated patients versus nonirradiated
patients found in those studies was later confirmed in a
1987 meta-analysis by Cuzick et al. (24). Studies emerging
during this period on the beneficial effects of systemic
therapies and on the perception that the disease is always
systemic further put into question the relevancy of local
regional control and radiotherapy as an integral part of
treatment (16, 17, 25).
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Critiques of these early trials, however, revealed errors
in trial design and interpretation that invalidated the re-
sults of these trials (26). More recent updates of these early
trials have recognized that such factors as competing risks
and radiation technique need to be considered to glean a
better understanding of the true benefits of radiotherapy
(27-30). A study using a competing risk approach to
analyze the Stockholm trial of patients randomized to pre-
or postmastectomy irradiation or no irradiation found a
significant reduction in the cumulative incidence of local
failure and overall cumulative incidence of distant metas-
taseses after 15 years in the irradiated patients with posi-
tive axillary nodes. A 10-year 2% and a 15-year 4%
survival benefit was found for node-negative patients re-
ceiving postmastectomy irradiation. For node-positive pa-
tients, the improved survival rates were 6% and 9% at 10
and 15 years, respectively (29). The consideration of pre-
operative irradiation was tested in this trial and found not
to confer better survival than postoperative irradiation
(31).

The influence of radiation technique on previous trial
results is highlighted by the 1994 updated meta-analysis by
Cuzick et al., who looked at the specific causes of death in
most of the trials included in the original analysis. The
effect of outdated radiation technique in several of the
included trials, which increased the number of cardiac
deaths in the irradiated patients, was found as effecting the
earlier conclusions of the detrimental effects of irradation.
The previously reported significant increase in mortality in
the irradiated patients was not longer evident in this
update. Given the use of modern radiation technique and
the decreased cardiac mortality associated with it, the
authors concluded that radiotherapy may have a benefit
beyond local control (28). The benefits to local and distant
disease control as well as to survival with modern radia-
tion technique was also reported in a combined analysis of
Oslo and Stockholm trials. Node-positive patients treated
with adjuvant postoperative megavoltage irradiation,
which included the internal mammary chain, had a signifi-
cant 37% relative reduction of distant metastases (p <
0.01) and a 22% relative reduction of deaths of borderline
significance (p = 0.06) versus the non-irradiation patients.
Adjuvant systemic therapy was not included in these trials
(30).

Postmastectomy radiation continues to provide optimal
loco-regional disease control in many patients. For early
disease (stages I and II), nodal irradiation is used as
needed, primarily in women with positive nodes and or
lesions between 2 and 5 cm. For locally advanced disease
(stage IIT), chest wall irradiation is added to nodal irradia-
tion. A more detailed description of radiation technique is
beyond the scope of this paper, but is well described in
‘Levitt and Tapley’s Technological Basis of Radiation Ther-
apy’ (32). Following is a brief description of current
clinical approaches to the treatment of early and locally
advanced disease.
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CURRENT TREATMENT REGIMENS BY DISEASE
STAGE

Early breast cancer (stage I and II)

Adjuvant therapy after mastectomy is not routinely in-
cluded in the treatment of premenopausal patients with
node negative disease and lesions less that 1 cm (stage I
disease). Adjuvant chemotherapy may be included if vari-
ous prognostic factors indicate an increased risk of recur-
rence. For stage I patients with lesions of 1-2 cm,
adjuvant chemotherapy is fairly standard.

For stage II patients with lesions of 2—5 cm and/or node
positive, adjuvant chemotherapy has been shown to pro-
long disease-free survival, especially in premenopausal pa-
tients treated with CMF (or CAF). Adjuvant nodal
irradiation is sometimes included if the nodes are positive,
as well as chest wall irradiation for larger tumors or close
margins. In those patients with estrogen receptor-positive
tumors, the subsequent use of tamoxifen is employed for
at least five years. In postmenopausal patients with stage II
disease, adjuvant chemotherapy is now recommended as
well, especially in those patients with aggressive, high-risk,
receptor-negative tumors. In this older age group, comor-
bid diseases need to be considered in selecting an appropri-
ate treatment program.

For subgroups of women at high risk of recurrence, the
addition of nodal and chest wall irradiation to systemic
therapy is indicated. Studies show a 10% rate of loco-re-
gional recurrence in patients with 1-3 positive nodes
treated with chemotherapy alone compared with a 20 to
30% rate in patients with four or more positive nodes and
primary tumor of 5 cm or larger (33-35). For these
high-risk women, combination chemotherapy and radio-
therapy has shown important benefits to loco-regional
control, disease-free survival, and overall survival over
either adjuvant modality alone (36, 37).

Two recently published long-term studies on combined
adjuvant chemotherapy and radiotherapy confirm the
benefit of this combined modality regimen in high-risk
premenopausal women. The Danish Breast Cancer Coop-
erative Group study reported a significant reduction in
loco-regional recurrence alone or with distant metastases
with the addition of nodal and chest wall irradiation to
CMF versus CMF alone (9% vs 32%; p < 0.001). Disease-
free survival after 10 years was 48% versus 34% (p < 0.001)
respectively. New to these updated results was the signifi-
cant benefit to overall survival with the addition of radio-
therapy to CMF (54% versus 45% for CMF alone;
p <0.001). Most of the patients in this study had stage 11
disease, with about 14% stage III patients (36). Similar
findings were reported in the 15-year follow-up report of
the British Columbia study on node-positive pre-
menopausal women, which included only stage I and II
patients (37). The addition of radiotherapy (nodal and
chest wall) to chemotherapy versus chemotherapy alone in
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these patients resulted in improved disease-free survival
(50% vs 33%, p < 0.007), survival free of systemic disease
(51% vs 34%, p <0.006), survival free of loco-regional
disease (87% vs 67%, p < 0.003), breast-cancer-specific sur-
vival (57% vs 47%, p < 0.05), and overall survival (54% vs
46%, p <0.07).

The proper sequencing of radiotherapy and chemother-
apy after surgery has not been explored in mastectomy
trials, but useful information can be gleaned from studies
on breast conservation surgery. In a randomized study by
the Joint Center for Radiation Therapy, stage I and II
patients considered at increased risk of systemic metastases
(i.e., nearly all the patients had positive nodes) were ran-
domized after breast-conserving surgery to receive a 12-
week course of chemotherapy either before or after
radiotherapy (38). With a median follow-up in surviving
patients of 58 months, the authors found an increased risk
of local recurrence in the group who received chemother-
apy first (14% vs 5%) and an increased risk of distance
recurrence in the group who received radiotherapy first
(32% vs 20%). These results suggest that a 12-week course
of chemotherapy before radiotherapy may provide better
outcome for patients at increased risk for systemic
metastases.

Although the possible detrimental effects of delaying
radiation was not addressed in this study, an earlier study
by the same authors found that delaying radiation for
more than 16 weeks after surgery resulted in a 5-year 28%
actuarial local failure rate versus 5% in patients treated
within 16 weeks (39). Similarly, another study reported a
significant increase in the relapse rate at 5 years for women
in whom radiation was not delivered until 120 days after
surgery (40). Other studies, however, report no difference
in local control based on the timing of radiation delivery
(41, 42). As of yet, optimal sequencing and timing of
radiation and chemotherapy after surgery remains
controversial.

Locally advanced disease

For locally advanced disease, the combination of radio-
therapy with surgery and chemotherapy provides optimal
treatment results. In an important retrospective study by
Perez and his colleagues, this triple-modality approach was
shown to be superior to other combined treatments. Loco-
regional tumor control at 5 years for combined chemother-
apy, radiotherapy, and mastectomy was 91%, 80% for
irradiation and mastectomy, 54% for irradiation and
chemotherapy, and 31% for irradiation alone. Correspond-
ing actuarial 5-year disease-free survival rates were 36%,
19%, 10%, and 11% (43). The improved results when
induction chemotherapy or irradiation was given prior to
mastectomy confirm the important role of induction
chemotherapy in the treatment of locally advanced disease.
The best way to combine mastectomy and radiation after
primary chemotherapy for locally advanced disease re-
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mains unresolved. Many centers perform surgery first after
chemotherapy, and reserve radiotherapy to the chest wall
and nodal areas until the completion of chemotherapy.
Results from the National Cancer Institute of Italy and MD
Anderson Cancer Center suggest the inclusion of mainte-
nance chemotherapy after this regimen improves outcome
(44).

Another treatment approach for advanced disease under
investigation is the combination of breast conserving ther-
apy followed by radiation and chemotherapy for carefully
selected patients. Studies from MD Anderson show less
than 10% local recurrence rates in carefully selected patients
who respond well to systemic chemotherapy (45). In these
studies, patient selection for breast conserving therapy after
neoadjuvant chemotherapy was based on tumor size (soli-
tary primary of 4 cm or less or two primaries within a sphere
of 4 cm), the absence of skin involvement or fixation to the
chest wall, a tumor to breast ratio favorable for cosmetic
outcomes, no palpable or small, low, mobile axillary lymph
nodes, the absence of collagen vascular disease, and no
extensive lymphatic involvement in the breast (45). Total
excision of the gross tumor in these patients allowed for
reduced radiation dose to avoid cosmetic complications.
Other studies also indicate breast conserving therapy for
some patients with locally advanced disease, although
recommendations for standard care in these patients must
await long-term results.

The combined use of radiation and autologous bone
marrow transplantation after conventional or high-dose
chemotherapy is another treatment under investigation for
advanced disease. Early results from a pilot study by the
Cancer and Leukemia Group B of stage II and III patients
with 10 or more positive nodes treated by mastectomy
followed by conventional dose plus high dose chemother-
apy with autologous bone marrow transplantation and
radiotherapy have indicated that the addition of radiation
is required to lower the frequency of chest wall and regional
lymph node recurrence (46, 47).

COMPLICATIONS OF ADJUVANT THERAPIES
Systemic therapies

Chemotherapy.  Acute  complications  following
chemotherapy range from lethal toxicity, which is highly
uncommon, to less dangerous and bothersome side-effects
such as alopecia, nausea and vomiting, weight gain, neu-
tropenia, and fatigue (48). Major long-term complications
may include cardiac dysfunction, premature menopause,
and second malignancies, all of which are very uncommon.
The incidence of cardiac dysfunction may vary according to
the total cumulative dose received and perhaps according to
the peak blood levels in patients treated with doxorubicin-
based chemotherapy. A cumulative dose of 300 mg/m? or
less seems to correlate with a low incidence of acute
doxorubicin-induced cardiomyopathy. Premature meno-
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pause associated with chemotherapy-induced amenorrhea
has an overall incidence of about 70% (49, 50). For
high-risk patients, this may be a beneficial side-effect that
reduces the risk of recurrence. In low-risk patients, how-
ever, the potential problems of increased risk of premature
osteoporosis and cardiovascular disease associated with
premature menopause may offset the benefit of adjuvant
therapy in these patients. Second malignancies, notably
increased risk of myeloproliferative disease and acute
leukemia, are well-established potential complications fol-
lowing chemotherapy associated with cumulative dose and
type of alkylating agent used. The risk of leukemia has been
reduced under the current use of CMF or other cyclophos-
phamide-containing treatment regimens.

Tamoxifen. Most women endure tamoxifen well. The
most frequent complications following tamoxifen relate to
menopausal symptoms, such as hot flashes and irregular
menses. Other reported complications are rare. The risk of
developing endometrial cancer may increase over time (48).
Adequate monitoring of the patient during tamoxifen and
chemotherapy treatments can prevent or decrease many of
the side-effects of treatment.

Radiotherapy

Short-term acute complications following modern radio-
therapy, such as erythema, edema, and mild tiredness,
become neither chronic nor life-threatening. Chronic more
serious conditions, such as arm edema, decreased arm
mobility, soft tissue necrosis, rib fractures, radiation pneu-
monitis, and brachial plexopathy are possible but occur
very infrequently with appropriate radiation technique (51).
Cardiac morbidity and carcinogenesis, two major complica-
tions prior to modern radiotherapy, have been minimized
by improved radiation technique. Cause-specific mortality
assessed in the updated Cuzick meta-analysis showed that
cardiac deaths accounted for increased mortality in the
older trials that used orthvoltage techniques (28). Trials that
use current modern megavoltage technique do not indicate
increased cardiac morbidity or mortality (30). Patients at
most risk of cardiac mortality were those who received the
highest volume of irradiation to the heart (52). A recent
examination of these patients found that cardiac radiation
dose volume can be reduced by the use of individual
CT-based dose planning that allows for a direct evaluation
of the heart volume included in the radiation fields (53).

A substantial decrease in the risk of radiation-induced
carcinogenesis, including sarcomas, leukemia, and lung
cancer, has occurred with the current technique to treat only
the breast tangential fields. The excess risk of death due to
a radiation-induced cardiac morality or secondary cancers
is estimated to be less than 1% among breast cancer patients
treated with radiation. Patients younger than 45 at diagno-
sis and treatment carry a higher risk of radiation-related
contralateral breast cancer, whereas patients over 45 carry
little, if any, risk (54, 55).
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CONCLUSION

The management of primary breast cancer has evolved to
include various combinations of treatment modalities.
Combinations of surgery, radiotherapy, and systemic ther-
apies have resulted in multiple alternatives to the approach
to the treatment of breast cancer depending on disease
stage, patient age and menopausal status, histologic defini-
tion and biologic characteristics of the tumor. All three of
these major components of treatment—surgery, radiother-
apy, and systemic therapies—have a significant role in the
control and cure of breast cancer. Each may be the initial
method of management, and each may therefore be an
adjuvant to one or both of the remaining modalities.
Therefore, the term ‘adjuvant’ is becoming less appropriate
and applicable in the current management of breast can-
cer. More emphasis on the specific management of the
defined cancer entity may allow for a more desirable
therapeutic approach and result in the ultimate cure of
breast cancer. To this end, the importance of adequate and
appropriate therapeutic technique cannot be overempha-
sized. All three modalities require a great deal of clinical
knowledge, and surgeons, medical oncologists, and radia-
tion oncologists each must be highly trained in the craft of
their discipline.

To achieve the best therapeutic approach, several ques-
tions still need to be answered: Should premenopausal
patients with lesions less than 1 cm be treated with adju-
vant chemotherapy? Is chemotherapy plus tamoxifen more
effective than tamoxifen alone in postmenopausal women?
Should postmastecomy radiotherapy be given to patients
with three or less positive nodes or with lesions less than 1
cm? These questions indicate the direction of breast cancer
research, much of which is aimed at identifying subgroups
of patients at increased risk of recurrence. Identification of
these patients will both enhance treatment and refine our
notions of the natural history of the disease.
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