Is Axillary Lymph Node Dissection Indicated for Early Stage Breast Cancer—A Decision Analysis

Giovanni Parmigiani PhD^{1,2,3}, Donald A. Berry PhD^{1,3}, Eric P. Winer MD^4, Claudia Tebaldi PhD^5, J. Dirk Iglehart, MD^{3,6} and Leonard R. Prosnitz MD^{3,7}

December 16, 1998

Corresponding author: Giovanni Parmigiani, Institute of Statistics and Decision Sciences, Box 90251, Duke University, Durham, NC 27708.

Running head: ALND decision analysis.

Affiliations: 1: Institute of Statistics and Decision Sciences, Duke University, Durham, NC. 2: Center for Clinical Health Policy Research, Duke University, Durham, NC. 3: Comprehensive Cancer Center, Duke University Medical Center, Durham, NC. 4: Dana Farber Cancer Institute, Boston, MA. 5: National Center for Atmospheric Research, Boulder, CO. 6: Department of Surgery, Duke University Medical Center, Durham, NC. 7: Department of Radiation Oncology, Duke University Medical Center, Durham, NC.

Acknowledgments: Research performed when all authors were at Duke University and supported by the NIH under the SPORE in breast cancer NCI P50 CA68438 and the Planning Grant NCI R21-CA68438-01.

We are indebted to the Cancer and Leukemia Group B for allowing us to use prognostic data for node-positive breast cancer.

Abstract

Purpose. Axillary lymph node dissection (ALND) has been a standard procedure in the management of breast cancer. In a patient with a clinically negative axilla, ALND is performed primarily for staging purposes, to guide adjuvant treatment. Recently, the routine use of ALND has been questioned because the results may not change adjuvant systemic therapy and/or the survival benefit of a change in adjuvant therapy would be small. We constructed a decision model to quantify the survival benefits of ALND for patients eligible for breast conserving therapy.

Methods. Patients were grouped by age, tumor size, and hormone receptor status. The model uses the Oxford overviews and three combined Cancer and Leukemia Group B studies. We assumed that patients not undergoing ALND received axillary radiation therapy and that the two procedures are equally effective. All chemotherapy combinations were assumed equally efficacious.

Results. The largest benefits from ALND are in Estrogen Receptor (ER) positive women with small primary tumors who might not be candidates for adjuvant chemotherapy if lymph nodes are negative. Virtually no benefit results in ER negative women, almost all of whom would receive adjuvant chemotherapy. Adjusting for quality of life (QOL), ALND may have an overall negative impact. In general, benefits of ALND increase with the expected severity of adjuvant therapy on QOL.

Conclusion. Our model quantifies the benefits of ALND and assists decision making by patients and physicians. The results suggest that routine use of ALND in breast cancer patients should be reassessed and may not be necessary in many patients.

Introduction

Axillary lymph node dissection (ALND) has long been an integral part of the management of breast carcinoma. Initially its purpose was to remove the likely first area of tumor spread from the primary lesion in the breast with the thought that a higher cure rate would result than if mastectomy only were performed. Subsequent clinical trials, however, showed that ALND contributed little to overall survival, despite a relatively high frequency of axillary nodal involvement pathologically in clinically node-negative patients [1]. The concept evolved that positive axillary lymph nodes were primarily a marker for a high risk of occult systemic spread rather than the source of systemic metastases. With the advent of adjuvant systemic therapy, ALND came to be viewed primarily as a staging procedure—it conveyed prognostic information and guided decisions regarding adjuvant systemic therapy.

The concept of breast cancer as a systemic disease has led to the increased use of adjuvant therapy in a wide range of patients with demonstration of benefits in node-negative as well as node-positive patients [2, 3]. These results have called into question the rationale for performing ALND. If information derived from ALND is no longer critical in determining adjuvant therapy for some patients, should it now be omitted in those patients? [4, 5, 6, 7, 8]

ALND is of value if it 1) leads to a more effective adjuvant systemic therapy with improved patient survival. 2) provides local control with a possible increase in survival or 3) provides prognostic information of value to the patient. These benefits must be considered in light of the long-term complications associated with ALND as well as the financial cost.

In this paper, we present a quantitative assessment of the impact on survival (both unadjusted and quality-adjusted) of ALND in patients receiving breast conservation therapy (BCT). Our focus is on BCT since ALND is a distinct and separate operation for these patients, as opposed to patients undergoing mastectomy for whom it is more often an integral part of the procedure. Axillary irradiation appears to provide the same local control and survival benefits (if any) of ALND in patients with clinically uninvolved lymph nodes [9]. Therefore, ALND is useful if it results in an alteration in a patient’s proposed plan of therapy and if that different plan improves survival or decreases morbidity, compared with the best plan in the absence of ALND. For some patients the information gained from ALND may be valuable separate from the impact it has on therapeutic decisions. However, we do not incorporate the value of this knowledge in our model. Sentinel node biopsy may be an effective alternative to ALND but is not considered in our present model.

Methods

Decision Model We consider patients undergoing breast conservation therapy, with clinically negative axillae.

The decision to perform a node dissection and the selection of appropriate adjuvant therapy are made in the light of patient characteristics, namely age, ER status, and primary tumor size, as benefits are likely to be different for these groups [10]. Because knowing the result of the ALND might lead to a more appropriate choice of adjuvant therapy, we include two decision points: 1. Choice of either ALND or XRT; 2. Choice of adjuvant systemic therapy. The resulting decision tree is shown in Figure .

We considered four options for adjuvant systemic therapy: tamoxifen (T); combination chemotherapy (CT); combination chemotherapy followed by Tamoxifen (CT+T); and no adjuvant systemic therapy. All adjuvant combination chemotherapy are assumed to be equivalent, both in terms of long–term outcome and effects on quality of life. The alternative of not treating the axilla with either ALND or XRT was not modeled. We wished to utilize strategies that provide equivalent high probability of local control of axillary disease as well as any survival benefits that may accrue from direct treatment of the axilla. Our goal was to obtain results that do not depend on any additional assumptions about the estimated efficacies of axillary treatments.

Probability estimates The probability distribution of the number of positive nodes for given tumor size, age, and ER status is based on Carter et al. [11] with adjustment to incorporate knowledge of a negative outcome of the clinical examination of the axilla. The model uses estimates of the probabilities of true-negative and false-negative physical examinations [12], and performs the adjustment via Bayes’ rule.

Survival of patients with positive nodes receiving chemotherapy was estimated using a multivariate Cox regression model with age, ER status, primary tumor size and nodal involvement as prognostic variables, based on the combined CALGB studies 7581, 8082 and 8541 [13, 14, 15]. The maximum followup in the CALGB studies is 19 years. Rates beyond 19 years were extrapolated based on a constant hazard rate (set to the average hazard rate in years 15 to 19). The hazard rate in the first 19 years is not constant, accounting for greater hazard in the first few months following adjuvant treatment. For this reason our model is more general than so-called Markov decision models. If ALND is performed, the survival estimates incorporate the results of the dissection.

CALGB trials involved only node-positive women. To derive a survival curve for node-negative women, the following strategy was followed. a) For node-negative women with primary tumors larger than 1 cm, results from the EBCTCG overview [2] were used to estimate an adjustment ratio between node-positive and node negative patients receiving chemotherapy. This ratio is 0.42 for the first 4 years and 0.61 for the remainder [2]. b) For node-negative women with primary tumor smaller than 1 cm, the results of Rosen et al. [16] and Quiet et al. [17] were used to derive two separate adjustment ratios for women with ER positive and ER negative tumors. Mortality from causes other than breast cancer was taken from life tables [18].

Survival of women undergoing adjuvant therapy other than chemotherapy were derived from the previous analysis together with the results of recent EBCTCG overviews [2, 19, 3]. The results among node-positive patients receiving chemotherapy were used as the baseline and then adjusted in accordance with the risk ratios reported in Table 1 to generate survival curves for the other treatment options. Effects that were deemed statistically unstable by the Overview investigators [2, 3] were not modeled. Specifically we assumed that 1) Tamoxifen has no effect of in premenopausal ER negative patients; 2) Adjuvant therapy is equally effective (in terms of risk reduction) in node negative as well as node-positive women. Recent evidence from the NSABP

B-14 [20] trial also shows a risk reduction for node-negative patients that is comparable with that of previously observed node-positive patients.

Additional assumptions of our model are: 1) If metastatic disease develops, the time spent with metastatic disease is not adversely affected by the adjuvant therapy. 2) Local control of subclinical axillary disease can be achieved with radiotherapy in 95% of patients (clinically evident axillary disease requires ALND). Axillary radiation will typically include supraclavicular nodes as well. Therefore, any survival benefit that might be anticipated from administering nodal irradiation to node positive patients will be realized in patients not undergoing ALND as well [9, 12, 21].

Quality of life Decisions about adjuvant therapy depend on survival benefit as well as loss of QOL resulting from the therapy itself. We incorporate QOL using hypothetical utility coefficients to provide a quantitative assessment of the impact of various health states on QOL [22]. A utility of 1 corresponds to full health while 0 corresponds to death. The impact of adjuvant therapy, ALND, and XRT on QOL may vary substantially from patient to patient. We did not elicit utility scores from patients, but instead choose plausible values to represent four different QOL scenarios, based on our experience with patients as well as published estimates [23].

Our primary analysis uses a scenario representing a moderate impact of adjuvant therapies on QOL. This scenario is named Qmoderate and is described in Table 2. To investigate the sensitivity of our primary results to QOL adjustments, we compared the results obtained under the Qmoderate scenario to the results obtained under three additional scenarios, termed Qmild, Qsevere and QALND<XRT (see Table 3). Qmild exemplifies a patient who experiences little impact on her QOL from her adjuvant therapy (less than in Qmoderate,) and completely recovers from the negative effects of therapy by the end of one year. Qsevere reflects a more severe effect of treatment on QOL than Qmoderate. All adjustments for adjuvant therapy vary with time since therapy.

There is a quality of life impact of both complications from ALND and complications from XRT. In scenarios Qmoderate, Qmild and Qsevere we assume the same QOL adjustment for the negative impact of ALND and XRT, namely half of a percent, corresponding to a quality adjustment of .995. This quality adjustment is assumed to be constant over time and is applied over and above any adjustments resulting from adjuvant systemic therapy. In scenario QALND<XRT we assume the impact on QOL from adjuvant systemic therapy to be the same as Qmoderate, and further assume a negative impact on QOL from ALND greater than that from XRT. The quality adjustment for ALND is .995, while that for XRT is .997.

The endpoint of the decision analysis is the gain in expected quality adjusted life years (QALY) resulting from ALND. This effect is evaluated by computing, for all levels of nodal involvement, the survival benefit gained from a change in adjuvant treatment dictated by the result of ALND. The expected gain is then the average of these gains, weighted using the probabilities of different levels of nodal involvement for that particular patient type.

Results

We first consider in detail two examples, patients A and B. Patient A is 60 years old, with a primary tumor size between 0.5 and 1 cm. Patient B is 38 years old, with a primary tumor size between 3 and 4 cm. Both have ER positive tumors and clinically negative axillae. We then examine the sensitivity of the results to QOL adjustments and give summary results for all patient types.

Survival.

Table 4 considers survival for patients A and B. The first column gives the probability of finding the indicated number of positive nodes. For each degree of nodal involvement, the table gives the additional life expectancy in years for different types of adjuvant systemic treatment compared with no treatment (the absolute percent gain in 10-years survival is shown in parenthesis), compared with no treatment. QOL adjustments are not considered. For example, the probability of finding one to three positive nodes after ALND for patient A is 11%. If one to three positive nodes were found, administration of tamoxifen would lead to a life expectancy which is 2.03 years greater than compared to no adjuvant treatment for patient A, or, in terms of survival rates, an absolute gain of 8% at 10 years. If ALND is not performed, the additional life expectancy is computed as a weighted average of the additional life expectancies in the nodal involvement categories. In all cases, life expectancies are computed over the remainder of a woman’s lifetime and are not limited to the first 10 years.

Quality of life: moderate scenario.

Table 5 now considers QOL for patients A and B, summarizing the difference in expected QALYs between the three adjuvant therapies and no treatment, for each level of nodal involvement assuming the scenario Qmoderate. The boxes highlight the treatment that results in the greatest gains in QALYs. We will refer to this as best option, for conciseness. When none of the values in a row are boxed, not administering adjuvant therapy is the best option.

For patient A, the best option is T if ALND is not performed (nodal status unknown). If ALND is performed, node-negative patients receive T, while node-positive patients receive CT+T. The gain in QALYs from adding C to T ranges from 0.37 to 0.5 years. Thus ALND can lead to a change in the appropriate adjuvant therapy and increase survival.

The magnitude of the resulting benefit is calculated by the difference between the weighted average of the values in the T column and the weighted average of the boxed values. For patient A this is 0.04 QALYs (about 2 weeks).

For patient B, CT+T is the treatment leading to the largest expected survival and QALYs irrespective of nodal status. Therefore, ALND does not lead to a change in adjuvant systemic therapy or result in any survival gain.

Quality of life: sensitivity analysis.

Table 6 and 7 considers QOL for patients A and B under the alternative scenarios Qmild and Qsevere. For patient A in scenario Qmild the optimal adjuvant choices are as in Qmoderate. In scenario Qsevere the best option if ALND is not performed is no adjuvant treatment, because of the more severe impact of adjuvant treatment on QOL. If ALND is performed, node-negative patients receive no adjuvant treatment, while node-positive patients receive CT+T. In all three scenarios ALND can lead to a change in the appropriate adjuvant therapy. The magnitude of the benefits for ALND for both Qmild and Qsevere is 0.06 QALYs (about 3 weeks).

In scenario QALND<XRT, the optimal adjuvant therapy choices, are as in Qmoderate. The difference between ALND and XRT is -.02 QALYs. The negative value indicates that the decrement in QOL from ALND outweighs the average benefit of CT+T compared to T alone in node-positive patients.

For patient B, in all scenarios CT+T is the treatment maximizing survival and QALYs irrespective of nodal status. In scenarios Qmild and Qsevere there is no gain from ALND. In scenario QALND<XRT there is a loss (-.04) of average QALYs.

As illustrated by the analysis of patients A and B, decisions may vary depending on patient characteristics. Different patients have different probabilities of finding positive nodes. The effectiveness of adjuvant therapies and the importance of the competing causes of death also vary with the patient, the latter increasing with age.

Table 8 summarizes the expected gains in QALYs resulting from ALND for all patient types and QOL scenarios. Patients are grouped by age, ER status, tumor size and the four QOL scenarios. All zero values in the table indicate that adjuvant therapy will be the same regardless of nodal status; hence there can be no gain from ALND. For example, young women with ER- tumors will all have chemotherapy prescribed irrespective of nodal status. All zero values become negative if we assume a decrement in QOL from ALND compared to XRT (scenario QALND<XRT). Even when gains in QALYs are present, they are small.

To further understand the results of Table 8, Figure 2 shows recommended adjuvant therapy choices for all patient types, in the four quality scenarios. The first four letters in each grouping represents the choices of adjuvant therapy by nodal status (0, 1–3, 4–9, >9), given that ALND has been performed. The underlined letters represent choices of adjuvant therapy if ALND is not performed. The color codes correspond to the numbers in Table 8. All zero values are dark blue. All negative values are lighter blue, with darker shades indicating smaller losses. Due to the very small differences in negative values, shades are very similar. All gains are in green with darker shades indicating greater gains.

Discussion

ALND as a part of the operative management of breast carcinoma was introduced by Halsted at the start of this century [24], the rationale being to remove the first area of likely tumor spread and hence to improve the cure. Attempts at less extensive surgery began in the 1930s and 40s, primarily in Europe. Total mastectomy (TM) and radiation to peripheral lymph nodes was shown to be comparable in outcome to radical mastectomy (RM), leading to the conclusion that radiation therapy could successfully control subclinical disease in lymph nodes [25, 26]. The first successful efforts at breast conservation were also reported during this time. The NSABP further confirmed that TM + RT was equivalent to RM. Indeed, TM alone seemed to provide equivalent survival to the other two procedures. With the introduction of adjuvant systemic therapy in the 1970s, a renewed emphasis was placed on ALND as a means to select patients with a worse prognosis for adjuvant systemic treatment.

Major changes have continued in breast cancer management over the last several decades that relate to the issue of whether to perform ALND or not:

1) Breast conservation therapy has become increasingly popular, its equivalence to RM or modified radical mastectomy having been demonstrated in eight randomized trials [27]. Thus, ALND for many patients is now a separate operation rather than a part of a mastectomy.

2) Adjuvant systemic therapy has demonstrated value in many woman with negative lymph nodes as well as those with nodes involved with cancer. Furthermore, the relative benefits of adjuvant therapy are similar in node-negative and node-positive women [2, 3].

3) The extent of disease in newly diagnosed patients with breast carcinoma has shifted as the use of mammography has grown and the public awareness of breast cancer has increased. Many more patients are encountered with mammographically discovered, quite small primary tumors.

These factors have lead a number of authors to reexamine the issue of ALND and to question its routine use [4, 5, 7, 8, 12]. Arguments that have been marshaled against ALND as standard practice include the following:

1) If adjuvant systemic therapy is to be used in all node-negative patients with a primary tumor >1 cm, why do the ALND? (This argument assumes that there is no substantive difference between various chemotherapy regimens. Even if there are differences between the various regimens, it is unlikely that the relative risk reduction would be affected by nodal status).

2) Very small primary lesions (less than 0.5 cm), now much more common in the mammographic era, have a low probability of nodal involvement [11], and a good prognosis even if a small number of positive nodes are found [28]. Thus the survival benefits from ALND are likely to be extremely small in this group.

3) Elderly patients, particularly those with hormone receptor positive tumors, will often be treated with tamoxifen anyway, irrespective of nodal status, because of the reluctance to use adjuvant chemotherapy in this group.

4) The morbidity of ALND is small but finite with 10–20% of patients exhibiting some decreased range of motion of the shoulder, approximately 80% experiencing numbness in the distribution of the intercostal brachial nerves, 2-30% reporting arm edema, and 15–50% experiencing breast edema [29, 30, 10, 31].

5) There is a financial cost of the procedure.

Our study uses the methods of decision analysis in an attempt to provide a quantitative framework for the above arguments and a realistic guide for practicing oncologists. Our model incorporates quantitative data regarding the frequency of nodal involvement for different primary tumor sizes, survival benefits to be expected from adjuvant systemic therapy for different patient categories, effects on survival to be anticipated from competing causes of death other than breast cancer, and finally quality of life adjustments. An earlier published decision analysis [32] was confined to T1 patients and did not measure the impact of ALND on specific patient subgroup, as done here.

QOL adjustments are somewhat arbitrary and hard to quantify, but nevertheless important. If there was no QOL trade off, all patients with invasive breast cancer would receive chemotherapy and most would also receive tamoxifen. Clearly, physicians and patients presently incorporate QOL considerations in their decision making. Our model is a step toward quantifying this process. The model could be improved by incorporating utilities provided by patients. In the absence of such data we have assumed four different QOL scenarios, similar to a Q-twist analysis [23].

Certain generalizations can be made despite the difficulties with quality adjustments. It is apparent from table 8 that for many women there are no benefits from ALND over a broad range of quality scenarios. This is true when no change in adjuvant systemic therapy would result from knowledge of the lymph node status, or if ALND is assumed to have a greater negative impact on QOL than XRT. When there is any survival benefit to be derived from ALND, it is small in almost all instances. This overall conclusion depends critically on the fact that the relative benefits of adjuvant therapy are similar in node-negative and node-positive women [2, 3]. Whether the small for some patients gain is worth the performance of an ALND is a judgment best left to the individual patient and her physicians.

Our sensitivity analysis demonstrates that there are subsets in which the preferred choice is sensitive to the QOL adjustments and others in which it is not. In those subsets where it is sensitive, the model would suggest that optimizing QALYs can only be achieved by individualizing decisions about node dissection depending on a patient’s preferences and the potential impact on her QOL. The subset of women in which the results are most sensitive to attitudes towards QOL are premenopausal women with small primary tumors. In this group, node-negative women may or may not opt for chemotherapy depending on their personal values. If they expect a small QOL reduction from chemotherapy, ALND is of little or no value to them since they will elect to receive chemotherapy anyway. If they expect a greater QOL reduction, ALND becomes more desirable, as node negative women may wish not to receive chemotherapy.

A related issue is the use of ALND in order to categorize patients by nodal status for possible entry into cooperative group trials testing new therapies. While knowledge of nodal status has been required for almost all large adjuvant trials, it is difficult to justify this practice if no benefit will accrue to the patient from performing the ALND. Strong consideration should be given to designing future trials which do not mandate ALND as an eligibility requirement.

Sentinel node biopsy has been proposed as an alternative to ALND [33, 34]. The accuracy of this procedure in predicting nodal status and any potential decrement in quality of life remain to be fully determined, but sentinel node biopsy may have less long term morbidity than ALND. Expected survival gains resulting from the information gathered by sentinel node removal are unlikely to be greater than those derived from traditional ALND. However, if sentinel nodes biopsy proves to offer accurate prognostic information with minimal morbidity it may produce better quality adjusted survival for many patients than either of the two options considered here. Our model provides a basis for exploring these issues in more detail. This will be carried out in future analyses.

An additional issue is the possibility that adjuvant high dose chemotherapy (with stem cell support) may be of benefit to women with large numbers of positive lymph nodes (for example 10 or more). Should future phase III trials demonstrate this, such information could easily be incorporated into the model.

In conclusion, our model suggests that ALND should not be performed as a routine part of the therapy for patients with breast carcinoma who are undergoing conservation surgery and radiation. Instead, physicians should consider precisely how therapy would be changed and what benefits would be derived from the procedure. We hope that this model will help physicians clarify their own thinking about the appropriateness of ALND and facilitate the counseling of individual women facing this decision.

Future studies will explore the use of the model as a counseling tool in a trial aimed at helping physicians and patients make decisions regarding ALND. We recognize that women may choose to have a node dissection to obtain prognostic information; the value of ALND to them may go beyond that of improving decisions about adjuvant systemic therapy. Our model can provide a framework for investigating whether patients value the prognostic information per se provided by ALND, even when the results will not lead to a change in subsequent clinical management.

References

[1] Fisher B; Redmond C; Fisher ER. Ten-year results of a randomized clinical trial comparing radical mastectomy and total mastectomy with or without radiation. N Engl J Med, 312:674– 681, 1985.

[2] Early Breast Cancer Trialists Collaborative Group. Systemic treatment of early breast cancer by hormonal, cytotoxic, or immune therapy. Lancet, 339:1–15,71–85, 1992.

[3] Early Breast Cancer Trialists Collaborative Group. Tamoxifen for early breast cancer: an overview of the randomised trials. The Lancet, 351:1451–1467, 1998.

[4] Cady B. Is axillary lymph node dissection necessary in the routine management of breast cancer? No. Important Adv Oncol, 251–256, 1996.

[5] Moore MP; Kinne DW. Is axillary lymph node dissection necessary in the routine management of breast cancer? Yes. Important Adv Oncol, 245–250, 1996.

[6] Haffty B; Ward B; Pathare P; Salem R; McKhann C; Beinfield M; et al. Reappraisal of the role of axillary lymph node dissection in the conservative treatment of breast cancer. J Clin Oncol, 15:691–700, 1997.

[7] Silverstein MJ; Gierson ED; Waisman JR; Senofsky GM; Colburn WJ; Gamagami P. Axillary lymph node dissection for T1a breast carcinoma. is it indicated? Cancer, 73(3):664–667, 1994.

[8] Epstein RJ. Routine or delayed axillary dissection for primary breast cancer? Eur J Cancer, 31A(10):1570–1573, 1995.

[9] Early Breast Cancer Trialists Collaborative Group. Effects of radiotherapy and surgery in early breast cancer. N Engl J Med, 333:1444–1455, 1995.

[10] Lin PP; Allison DC; Wainstock J; Miller KD; Dooley WC; Friedman N; et al. Impact of axillary lymph node dissection on the therapy of breast cancer patients. J Clin Oncol, 11(8):1536–1544, 1993.

[11] Carter CL; Allen C; Henson DE. Relation of tumor size, lymph node status and survival in 24,740 cases of breast cancer. Cancer, 63:181–187, 1989.

[12] Recht A; Houlihan MJ. Axillary lymph nodes and breast cancer: a review. Cancer, 76(9):1491–1512, 1995.

[13] Wood W; Weiss R; Tormey D; Holland J; Henry P; Leone L; et al. A randomized trial of CMF versus CMFVP as adjuvant chemotherapy in women with node-positive stage ii breast cancer: a CALGB study. World J Surg, 9:714–718, 1985.

[14] Perloff M; Norton L; Korzun A; Wood W; Carey R; Gottlieb A; et al. Postsurgical adjuvant chemotherapy of stage ii breast carcinoma with or without crossover to a non-cross-resistant regimen: a cancer and leukemia group b study. J Clin Oncol, 14:1589–98, 1996.

[15] Wood W; Budman D; Korzun A; Cooper M; Younger J; Hart R; et al. Dose and dose intensity of adjuvant chemotherapy for stage ii, node-positive breast carcinoma. N Engl J Med, 330:1253–1259, 1994.

[16] Rosen P; Groshen S; Saigo P; Kinne D; Hellman S. A long term follow-up study of survival in stage i (T_1N_0M_0) and stage ii (T_1N_1M_0) breast carcinoma. J Clin Oncol, 7:355–366, 1989.

[17] Quiet CA; Ferguson DJ; Weichelsbaum RR; Hellman S. Natural history of node-negative breast cancer. J Clin Oncol, 15:1144–1151, 1995.

[18] Thernau TM. A package for survival analysis in S. Mayo Foundation, Rochester, MN, 1996. [19] Early Breast Cancer Trialists Collaborative Group. Polychemotherapy for early breast cancer:

an overview of the randomised trials. The Lancet, 352:930–942, 1998.

[20] Fisher B; Dignam J; Bryant J; DeCillis A; Wickerham DL; Wolmark N. Five versus more than five years of tamoxifen therapy for breast cancer patients with negative lymph nodes and estrogen receptor-positive tumors. J Natl Cancer Inst, 88:1529–42, 1996.

[21] Haffty BG; Fischer D; Fischer JJ. Regional nodal irradiation in the conservative treatment of breast cancer. Radiat Oncol Biol Phys, 19:859–865, 1990.

[22] Pliskin JS; Shepard D; Weinstein MC. Utility functions for life years and health status:

Theory, assessment, and application. Operations Research, 28:206–224, 1980. [23] Gelber RD; Goldhirsch A; Cavalli F. Quality-of-life-adjusted evaluation of adjuvant therapies for operable breast cancer. Ann Intern Med, 114:621–628, 1991.

[24] Halsted WS. The result of operations for the cure of the breast performed at the johns hopkins hospital from june 1889 to january 1894. Johns Hopkins Hosp Bull, 4:279, 1894 1895.

[25] Keynes G. Conservative treatment of cancer of the breast. Brit Med J, 2:643–647, 1936. [26] Johansen H; Kaae S; Scheiodt T. Simple mastectomy with postoperative irradiation vs.

extended radical mastectomy in breast cancer. Acta Oncologica, 29:709–715, 1990. [27] Morris A; Morris R; Wilson J; White J; Steinberg S; Okunieff P; et al. Breast conserving therapy vs. mastectomy in early stage breast cancer: a meta-analysis of ten years survival. Cancer Journal, 3:6–12, 1997.

[28] Quiet C; Ferguson D; Weichelsbaum RR; Hellman S. Natural history of node-negative breast cancer: the curability of small cancers with a limited number of positive nodes. J Clin Oncol, 14:3105–3111, 1996.

[29] Ivens D; Hoe A; Podd T; Hamilton C; Taylor I; Royle G. Assessment of morbidity from complete axillary dissection. Br J Cancer, 66(1):136–138, 1992.

[30] Goss P; Hack T; Cohen L; Ritvo P; Katz J. Long-term physical and psychological morbidity of axillary node dissection in patients with breast cancer. Proceedings of the American Society of Clinical Oncology, 15:123, 1996.

[31] Chu L; Bowen G; Peterson B; Broadwater G; Clough R; Prosnitz L; et al. Long-term complications following axillary node dissection (alnd). Proceedings of the American Society of Clinical Oncology, 15:153, 1996.

[32] Velanovich V. Axillary lymph node dissection for breast cancer: a decision analysis of T1 lesions. Annals of Surgical Oncology, 5(2):131–139, 1998.

[33] Giuliano A; Kirgan D; Guenther J; Morton D. Lymphatic mapping and sentinel lymphadenectomy for breast cancer. Ann Surg, 220(3):391–398, 1994.

[34] Albertini JJ; Lyman GH; Cox C; Yeatman T; Balducci L; Ku N; et al. Lymphatic mapping and sentinel node biopsy in the patient with breast cancer. JAMA, 276(22):1818–1822, 1996.

Figure Captions

Figure 1. Decision tree for ALND (dissection) versus XRT (axillary radiation) decision model. The square on the left represents the decision between ALND and XRT. The circle, NS (Nodal status), is an information point, with branches indicating outcomes of the dissection. The RX squares represent decisions about adjuvant therapy.

Figure 2. Summary of recommended adjuvant therapy choices for all patient types, in 4 quality scenarios. At each rectangle, the string of four letters represents the choices of adjuvant therapy by nodal status (0, 1–3, 4–9, >9 from left to right) given that ALND is performed. The underlined letter represents the the choice of adjuvant therapy if ALND is not performed. C–chemotherapy; T—tamoxifen; B—both; N—no adjuvant therapy. The layout is the same as table 8. Color codings represent the gain in QALYs resulting from AND. Blue patient types can expect no benefit (dark blue) or a negative benefit (lighter blue). Green patient types can expect a benefit. Within green, darker colors indicate larger gains from ALND. Within blues, darker colors indicate smaller losses from ALND.

19

ER- ER+ QOL TS AGE

Qmild

Qmoderate

Qsevere

QALND<XRT

<.5 .5–1 1–2 2–3 3–4 4–5 >5 <.5 .5–1 1–2 2–3 3–4 4–5 >5 <.5 .5–1 1–2 2–3 3–4 4–5 >5 <.5 .5–1 1–2 2–3 3–4 4–5 >5

30 40 50 60 70 30 40 50 60 70

Proportional mortality reductions for alternative adjuvant therapies. Age < 50 Age ≥ 50 ER+ ER- ER+ ER- Tamoxifen 19 % 0 % 30 % 0 % Chemotherapy 27 % 27 % 11 % 11 % Chemotherapy followed by Tamoxifen 41 % —– 38 % 11 %

Table 1: Mortality reduction for alternative adjuvant therapies, based on the EBCTCG (1998) overviews of breast cancer. Chemotherapy followed by tamoxifen is not considered for ER negative patients <50.

Illustrative quality adjustment factors used in the Qmoderate scenario. Months 1–6 Months 7–12 Year 2 Years 3–5 Remainder No Treatment 1 1 1 1 1 Qmoderate Tamoxifen 0.99 0.99 0.99 0.99 1 Chemotherapy 0.6 0.9 0.99 0.99 0.99 ALND .995 .995 .995 .995 0.995 XRT .995 .995 .995 .995 0.995

Table 2: For quality adjustments for Chemotherapy + Tamoxifen (not shown) we use the adjustment factor for Chemotherapy alone for the first six months and both adjustments thereafter. Adjustment for either ALND or XRT is applied for each subsequent year of life over and above any adjustment for adjuvant systemic therapy. We assume here the QOL for ALND and XRT to be the same.

Illustrative quality adjustment factors used in the Qmild, Qsevere and QALND<XRT scenarios.

Months 1–6 Months 7–12 Year 2 Years 3–5 Remainder No Treatment 1 1 1 1 1 Qmild Tamoxifen 1 1 1 1 1 Chemotherapy 0.8 0.95 1 1 1 ALND 0.995 0.995 0.995 0.995 0.995 XRT 0.995 0.995 0.995 0.995 0.995 Qsevere Tamoxifen 0.8 0.8 0.8 0.8 1 Chemotherapy 0.3 0.6 0.95 0.95 0.95 ALND 0.995 0.995 0.995 0.995 0.995 XRT 0.995 0.995 0.995 0.995 0.995 QALND<XRT Tamoxifen 0.99 0.99 0.99 0.99 1 Chemotherapy 0.6 0.9 0.99 0.99 0.99 ALND 0.995 0.995 0.995 0.995 0.995 XRT 0.997 0.997 0.997 0.997 0.997

Table 3: For quality adjustments for Chemotherapy + Tamoxifen (not shown) we use the adjustment factor for Chemotherapy alone for the first six months and both adjustments thereafter. Adjustment for either ALND or XRT is applied over and above any adjustment for adjuvant systemic therapy. In the QALND<XRT quality adjustments for Chemotherapy or Tamoxifen are the same as in the Qmoderate scenario.

Additional life expectancy from adjuvant systemic therapy compared to no treatment, by treatment type and nodal group. Quality of life not considered.

Patient A Nodal Status Nodal Status Additional Life Expectancy in years Probability (in parentheses absolute gain in % 10-year survival) T CT CT+T 0 0.84 0.5 (2%) 0.18 (1%) 0.63 (2%) 1–3 0.11 2.03 (8%) 0.69 (3%) 2.67 (11%) 4–9 0.03 2.11 (9%) 0.7 (3%) 2.79 (12%) >9 0.02 2.16 (11%) 0.7 (4%) 2.89 (14%) Unknown 0.74 (3%) 0.26 (1%) 0.96 (4%)

Patient B Nodal Status Nodal Status Additional Life Expectancy in years Probability (in parentheses absolute gain in % 10-year survival) T CT CT+T 0 0.56 2.45 (5%) 3.64 (7%) 6.01 (11%) 1–3 0.23 2.35 (6%) 3.56 (9%) 6.09 (15%) 4–9 0.14 2.21 (7%) 3.37 (10%) 5.84 (16%) >9 0.07 1.8 (8%) 2.79 (11%) 4.98 (18%) Unknown 2.35 (6%) 3.52 (8%) 5.93 (13%)

Table 4: The first column indicates nodal status, the second the probability of that nodal state in a clinically node negative patient with the same characteristics as patients A or B. The three columns to the right give, for each adjuvant systemic therapy considered, the additional life expectancy, in years, compared to no adjuvant treatment. In parenthesis is the percent gain in 10-years survival.

Additional QALYs from adjuvant systemic therapy compared to no treatment, by treatment type and nodal group.

Quality of life as in the Qmoderate scenario. Patient A Nodal Status Nodal Status Additional QALYs Probability T CT CT+T 0 0.84 0.45 -0.26 0.14 1–3 0.11 1.98 0.31 2.23 4–9 0.03 2.06 0.34 2.36 >9 0.02 2.1 0.36 2.48 Unknown 0.69 -0.17 0.47 Expected gain from ALND is .04

Patient B Nodal Status Nodal Status Additional QALYs Probability T CT CT+T 0 0.56 2.39 3.15 5.44 1–3 0.23 2.3 3.13 5.57 4–9 0.14 2.15 2.95 5.34 >9 0.07 1.75 2.42 4.53 Unknown 2.29 3.07 5.39 Expected gain from ALND is 0

Table 5: This table summarizes the calculations used in solving the decision tree for patients A and B. The layout is as in Table 4. Boxed values indicate the best treatment option for a given nodal status (see text as well).

Additional QALYs from adjuvant systemic therapy compared to no treatment, by treatment type and nodal group.

Quality of life as in the Qmild scenario.

Patient A Nodal Status Nodal Status Additional QALYs Probability T CT CT+T 0 0.84 0.45 -0.14 0.26 1–3 0.11 1.98 0.44 2.35 4–9 0.03 2.06 0.47 2.48 >9 0.02 2.1 0.48 2.6 Unknown 0.69 -0.05 0.6 Expected gain from ALND is .06

Patient B Nodal Status Nodal Status Additional QALYs Probability T CT CT+T 0 0.56 2.39 3.27 5.56 1–3 0.23 2.3 3.25 5.7 4–9 0.14 2.15 3.08 5.47 >9 0.07 1.75 2.54 4.66 Unknown 2.29 3.19 5.51 Expected gain from ALND is 0

Table 6: This table summarizes the calculations used in solving the decision tree for patients A and B, Qmild scenario. The layout is as in Tables 4 and 5. Boxed values indicate the best treatment option for a given nodal status.

Additional QALYs from adjuvant systemic therapy by nodal group. Quality of life as in the Qsevere.

Patient A Nodal Status Nodal Status Additional QALYs Probability T CT CT+T 0 0.84 -0.46 -1.34 -1.14 1–3 0.11 1.12 -0.47 1.2 4–9 0.03 1.21 -0.4 1.37 >9 0.02 1.29 -0.3 1.57 Unknown -0.21 -1.2 -0.76 Expected gain from ALND is .06

Patient B Nodal Status Nodal Status Additional QALYs Probability T CT CT+T 0 0.56 1.49 1.96 3.98 1–3 0.23 1.45 2.16 4.34 4–9 0.14 1.32 2.06 4.19 >9 0.07 0.96 1.68 3.55 Unknown 1.42 2 4.06 Expected gain from ALND is 0

Table 7: This table summarizes the calculations used in solving the decision tree for patients A and B, Qsevere scenario. The layout is as in Tables 4, 5 and 6. Boxed values indicate the best treatment option for a given nodal status. When no value is boxed, no adjuvant treatment is the best option.

Gains in QALYs from ALND by age, ER status, tumor size, and QOL scenario.

QOL TS ER- ER+ AGE AGE 30 40 50 60 70 30 40 50 60 70 Qmild <.5 0 0 0 0.05 0.04 0 0 0.11 0.06 0.02 .5–1 0 0 0 0 0.04 0 0 0.11 0.06 0.02 1–2 0 0 0 0 0 0 0 0 0 0 2–3 0 0 0 0 0 0 0 0 0 0 3–4 0 0 0 0 0 0 0 0 0 0 4–5 0 0 0 0 0 0 0 0 0 0 >5 0 0 0 0 0 0 0 0 0 Qmoderate <.5 0 0 0.05 0.06 0.02 0 0 0.09 0.04 0 .5–1 0 0 0 0.06 0.02 0 0 0.09 0.04 0.01 1–2 0 0 0 0 0 0 0 0 0 0.01 2–3 0 0 0 0 0 0 0 0 0 0.02 3–4 0 0 0 0 0 0 0 0 0 0.03 4–5 0 0 0 0 0 0 0 0 0 0.03 >5 0 0 0 0 0 0 0 0 0 0 Qsevere <.5 0 0.14 0 0 0 0.5 0.58 0.29 0.19 0.05 .5–1 0 0 0 0 0 0.12 0.27 0.13 0.2 0.06 1–2 0 0 0 0 0 0 0 0.06 0.04 0.01 2–3 0 0 0 0 0 0 0 0.03 0.07 0.02 3–4 0 0 0 0 0 0 0 0 0.05 0.03 4–5 0 0 0 0 0.01 0 0 0 0.02 0.05 >5 0 0 0 0 0.02 0 0 0 0 0 QALND<XRT <.5 -0.11 -0.09 -0.02 0.01 -0.02 -0.12 -0.1 0.01 -0.02 -0.04 .5–1 -0.1 -0.08 -0.07 0.01 -0.02 -0.12 -0.1 0.01 -0.02 -0.04 1–2 -0.06 -0.05 -0.05 -0.04 -0.03 -0.08 -0.07 -0.06 -0.05 -0.02 2–3 -0.05 -0.05 -0.04 -0.03 -0.03 -0.08 -0.07 -0.06 -0.05 -0.01 3–4 -0.05 -0.05 -0.04 -0.03 -0.03 -0.07 -0.06 -0.06 -0.04 0.01 4–5 -0.05 -0.04 -0.04 -0.03 -0.02 -0.07 -0.06 -0.05 -0.04 -0.01 >5 -0.03 -0.03 -0.03 -0.02 -0.02 -0.05 -0.05 -0.04 -0.04 -0.03

Table 8: Expected gains from ALND, in QALYs for all patients groups, in four QOL scenarios. Columns are arranged by age, within ER status; rows are arranged by tumor size, within QOL scenario. 28