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Abstract
It has been claimed that the timing of surgery in relation to the menstrual cycle can significantly influence the prognosis
among premenopausal women with primary breast cancer. The literature on the subject is reviewed. The results are
heterogeneous, and the quality of the studies is in general low. Many studies suffer from statistical problems concerning
small sample sizes and sub-group analyses. In all, the scientific basis for the hypothesis seems weak.

The hypothesis

In 1989 Hrushesky et al. [1] published a study in

The Lancet based on 42 breast cancer patients,

indicating that if surgery was performed around the

time of menstruation, the survival was significantly

reduced compared with women operated on in the

middle of the menstrual cycle. The study was

performed based on a hypothesis from animal

experiments showing a cyclic variation in risk of

surgically related metastatic spread of tumour cells.

This was presumed to be mediated through changes

in activity of natural killer cells [2]. Subsequent

studies were unable to confirm the observation

[3�5]. In 1991, Badwe et al. [6] launched a new

theory in the Lancet. In this study women operated

on day 3�12 of the menstrual cycle, in the follicular

phase, were observed to have a reduced survival. The

new hypothesis was that when surgery was per-

formed in the period of the menstrual cycle asso-

ciated with high levels of estrogens and low level of

progesterone, tumour cells spread during surgery

would have better chances of survival and seeding.

Studies on the subject

Literature search

Literature search was performed in Medline using

the search words breast cancer, prognosis, and

menstrual cycle. The bibliographic references in all

retrieved articles were examined for potential sec-

ondary sources.

Studies

A large number of retrospective studies on the

prognostic influence of timing of surgery in relation

the menstrual cycle were identified (Table I). In 20

of a total of 35 studies, including the largest on the

subject [7], timing of surgery is found to be without

prognostic influence. In the remaining 15 studies, 11

are in favour of the current hypothesis that surgery

performed in the follicular phase of the menstrual

cycle is associated with an inferior prognosis. How-

ever, the definition of the follicular phase is not

consistent in the studies and four studies find

survival to be best when surgery is performed in

other periods of the menstrual cycle [1,8�10]. In

more studies positive findings are only associated to

sub-group analysis [11�13].

Pujol et al. took the advantage of analysing pre-

operatively collected blood samples in order to

measure the exact phase of the menstrual cycle

among 360 women [14]. This method is far

superior compared to estimating the menstrual

phase based on recorded day of last menstrual

period. The study revealed no prognostic influence

of timing of surgery.
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Discussion

The literature on whether timing of surgery is of

prognostic importance is very confusing. The initial

theory on this subject [1], was never widely ac-

cepted. The next hypothesis, which is the one most

widely debated, is that women operated on at the

time in the menstrual cycle with a high unopposed

oestrogen level are at increased risk of relapse and

death. This theory was launched without any con-

vincing theoretical basis, at a time when another

theory was investigated, and the observation may

have been made due to chance alone [15]. Some

studies have supported the hypothesis, but the

majority have not (Table I).

Furthermore, the studies supporting the hypoth-

esis define different high risk periods of the men-

strual cycle (Table I), which suggest that the results

may have been data driven, and this may further

induces a risk of bias towards positive results [16].

McGuire et al. made an experiment where 675

women with breast cancer from San Antonio Tumor

Bank were randomly assigned a day in the menstrual

period [15]. They defined 14 fictitious different ways

of separating the menstrual cycle. When repeating

the experiment 100 times it was possible to identify a

Table I. Studies on the prognostic effect of timing of surgery in relation to the day of the menstrual cycle.

Reference Year

Number of

patients

Days of menstrual cycle

associated with poor outcome

Hrushesky [1] 1989 Single institution record survey 41 0�6, 21�36

Powles [3] 1989 Single institution record survey 81 No relationship

Gelber [4] 1989 Single institution record survey 245 No relationship

Ville [5] 1990 Single institution record survey 279 No relationship

Badwe [6] 1991 Single institution record survey 249 3�12

Low [25] 1991 Single institution record survey 125 No relationship

Rageth [26] 1991 Single institution record survey 224 No relationship

Senie [27] 1991 Single institution record survey 283 7�14

Sigurdsson [28] 1992 Single institution record survey 382 No relationship

Gnant [29] 1992 Single institution record survey 385 No relationship

Sainsbury [8] 1993 Single institution record survey 143 0�2, 13�32

Donegan [30] 1993 Four institution record survey 97 No relationship

Marques [31] 1993 Single institution record survey 63 3�12*

Spratt [9] 1993 Single institution record survey 40 7�20*

Nathan [32] 1993 Single institution record survey 132 No relationship

Corder [33] 1994 Single institution record survey 157 No relationship

Kroman [7] 1994 Nation wide record survey 1,635 No relationship

Wobbes [34] 1994 Single institution preoperative

blood samples

89 No relationship

Saad [35] 1994 Three institution record survey 96 1�12

Veronesi [36] 1994 Single institution record survey 1,175 0�14

Jager [37] 1995 Single institution record survey 562 No relationship

von-Minckwitz [11] 1995 Single institution record survey 226 3�12 $
D’eredita [38] 1995 Single institution record survey 133 No relationship

Kurebayashi [39] 1995 Single institution record survey 100 3�12 %
Holli [40], 1995 1995 Multi centre record survey 267 1�14*

Stonelake [10] 1995 Single institution record survey 221 0�2, 13�28

Tsuchiya [41] 1996 Single institution record survey 159 No relationship

Toscano [42] 1996 Three institution record survey 254 No relationship

Goldhirsch [12] 1997 Multi centre record survey 1,033 3�12 §

Mondini [43] 1997 Single institution record survey 165 No relationship

Vanek [44] 1997 Single institution record survey 150 No relationship

Chang [45] 1997 Three institution record survey 262 8�15*

Milella [46] 1999 Prospective 248 No relationship

Nomura [47] 1999 Single institution record survey 721 No relationship

Pujol [14] 2001 Prospective based on blood

samples

360 No relationship

Love [13] 2002 Prospective randomized 565 1�14**

Takeda [48] 2003 Single institution record survey 36 No relationship

* Result not significant.

$ Result only significant among 119 patients operated in a two-step procedure.

% Result only significant in univariate analysis.

§ Result only significantly positive among 300 oestrogen receptor negative patients.

**Result only positive among 276 patients receiving oophorectomy and tamoxifen.
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significant high-risk period in 28 cases. This very

clearly indicates that moving the high-risk period

around may induce the finding of significant results.

Some authors [17�21] who have performed meta-

analyses based on the published studies, conclude

that the theory of a negative prognostic effect of

operation in the menstrual phase with high level of

unopposed oestrogen may hold up. However, this

way of evaluating a hypothesis is problematic,

because of the risk of publication bias. The chance

of having a study with a positive result published is

much higher than getting a negative study published

[22]. Thus, meta-analysis on published material only

will overestimate an effect of surgical timing.

In the initial study by Badwe et al. [6] the survival

advantage was 30% for patients operated on at the

presumed favourable period of the menstrual cycle.

However, the study from DBCG failed to support

the hypothesis [7]. Due to the large size of this study,

the risk of overlooking a therapeutic effect as

reported by Badwe et al. would be around 1%.

Anamnestic information on menstrual cycle is an

uncertain way of estimating endocrine status of a

woman. Furthermore, the majority of patients in-

cluded in the present studies are more than forty

years of age. Thus, they are at the time in life when

ovulation and thus the menstrual cycle becomes

increasingly irregular and luteal insufficiency occurs.

The question as to prognosis and timing of surgery

in relation to the menstrual cycle can hardly be

further analysed through studies based on informa-

tion on day of menstrual cycle alone. More evidence

has to be collected through well designed prospective

studies in which endocrinological status is based on

blood tests of the individual woman [19,23]. The

only larger study based on such method was negative

[14].

In conclusion the evidence of a prognostic effect of

timing of breast cancer surgery seems weak. There

are huge methodological problems related to many

published studies. In an editorial comment by

Hortobagyi on the subject he notes that: ‘‘If you

torture the data enough, it will confess’’ [24].

However, the present author will not.

References

[1] Hrushesky WJ, Bluming AZ, Gruber SA, Sothern RB.

Menstrual influence on surgical cure of breast cancer. Lancet

1989;2:949�52.

[2] Hrushesky WJ, Gruber SA, Sothern RB, Hoffman RA,

Lakatua D, Carlson CA, et al. Natural killer cell activity is

age, estrous- and circadian-stage dependent and correlates

inversely with metastatic potential. JNCI 1988;80:1232�7.

[3] Powles TJ, Jones AL, Ashley, Tidy A. Menstrual effect on

surgical cure of breast cancer. Lancet 1989;11:1344.

[4] Gelber RD, Goldhirsch A. Menstrual effect on surgical cure

of breast cancer. Lancet 1989;ii:1344.

[5] Ville Y, Lasry S, Spyratos F, Hacene K, Brunet M.

Menstrual status and breast cancer surgery. Breast Cancer

Res Treat 1990;16:119�21.

[6] Badwe RA, Gregory WM, Chaudary MA, Richards MA,

Bentley AE, Rubens RD. Timing of surgery during men-

strual cycle and survival of premenopausal women with

operable breast cancer. Lancet 1991;337:1261�4.

[7] Kroman N, Hojgaard A, Andersen KW, Graversen HP,

Afzelius P, Lokdam A, et al. Timing of surgery in relation to

menstrual cycle does not predict the prognosis in primary

breast cancer. Danish Breast Cancer Cooperative Group.

Eur J Surg Oncol 1994;20:430�5.

[8] Sainsbury R. Timing of surgery for breast cancer in relation

to the menstrual cycle and survival of premenopausal

women. Br J Surg 1993;80:670.

[9] Spratt JS, Zirnheld J, Yancey JM. Breast Cancer Detection

Demonstration Project data can determine whether the

prognosis of breast cancer is affected by the time of surgery

during the menstrual cycle. J Surg Oncol 1993;53:4�9.

[10] Stonelake PS, Powell J, Dunn JA, Warwick J, Bramhall SR,

Neoptolemos JP, et al. Influence of timing of surgery during

menstrual cycle on survival of premenopausal women with

operable breast cancer. Breast 1995;4:19�24.

[11] von Minckwitz G, Kaufmann M, Dobberstein S, Grischke

EM, Diel IJ. Surgical procedure can explain varying influ-

ence of menstrual cycle on prognosis of premenopausal

breast cancer patients. Breast 1995;4:29�32.

[12] Goldhirsch A, Gelber RD, Castiglione M, O’Neill A,

Thurlimann B, Rudenstam CM, et al. Menstrual cycle and

timing of breast surgery in premenopausal node- positive

breast cancer: Results of the International Breast Cancer

Study Group (IBCSG) Trial VI. Ann Oncol 1997;8:751�6.

[13] Love RR, Duc NB, Dinh NV, Shen TZ, Havighurst TC,

Allred DC, et al. Mastectomy and oophorectomy by

menstrual cycle phase in women with operable breast cancer.

J Natl Cancer Inst 2002;94:662�9.

[14] Pujol P, Daures JP, Brouillet JP, Chang S, Rouanet P,

Bringer J, et al. A prospective prognostic study of the

hormonal milieu at the time of surgery in premenopausal

breast carcinoma. Cancer 2001;91:1854�61.

[15] McGuire WL, Hilsenbeck S, Clark GM. Optimal mastect-

omy timing. J Natl Cancer Inst 1992;84:346�8.

[16] Altman DG, Lausen B, Sauerbrei W, Schumacher M.

Dangers of using ‘‘optimal’’ cutpoints in the evaluation of

prognostic factors. J Natl Cancer Inst 1994;86:829�35.

[17] Fentiman IS, Gregory WM, Richards MA. Effect of

menstrual phase on surgical treatment of breast cancer

[letter; comment]. Lancet 1994;344(8919):402.

[18] Senie RT, Tenser SM. The timing of breast cancer surgery

during the menstrual cycle. Oncology Huntingt 1997;11:

1509�17.

[19] Hagen AA, Hrushesky WJ. Menstrual timing of breast

cancer surgery. Am J Surg 1998;175:245�61.

[20] Jatoi I. Timing of surgery for primary breast cancer with

regard to the menstrual phase and prognosis. Breast Cancer

Res Treat 1998;52:217�25.

[21] Badwe RA, Bhansali MS, Vaidya JS. Unopposed oestrogen

and survival of breast cancer. Breast 1998;7:66�71.

[22] Stern JM, Simes RJ. Publication bias: Evidence of delayed

publication in a cohort study of clinical research projects [see

comments]. BMJ 1997;315(7109):640�5.

[23] Randal J. Does the timing of breast cancer surgery affect

survival? [news]. J Natl Cancer Inst 1997;89:473�7.

[24] Hortobagyi GN. The influence of menstrual cycle phase on

surgical treatment of primary breast cancer: Have we made

578 N. Kroman



any progress over the past 13 years? J Natl Cancer Inst

2002;94:641�3.

[25] Low CR, Galea MH, Blamey RW. Timing breast cancer

surgery. Lancet 1991;338:691.

[26] Rageth JC, Wyss P, Unger C, Hochuli E. Timing of breast

cancer surgery within the menstrual cycle: Influence on

lymph-node involvement, receptor status, postoperative

metastatic spread and local recurrence. Ann Oncol 1991;

2:269�72.

[27] Senie RT, Rosen PP, Rhodes P, Lesser ML. Timing of breast

cancer excision during the menstrual cycle influences dura-

tion of disease-free survival. Ann Intern Med 1991;115:337�
42.

[28] Sigurdsson H. Indicators of prognosis in breast cancer.

Thesis. Lund, Sweden: Lund University; 1992.

[29] Gnant MF, Seifert M, Jakesz R, Adler A, Mittlboeck M,

Sevelda P. Breast cancer and timing of surgery during

menstrual cycle. A 5- year analysis of 385 pre-menopausal

women. Int J Cancer 1992;52:707�12.

[30] Donegan WL, Shah D. Prognosis of patients with breast

cancer related to the timing of operation. Arch Surg

1993;128:309�13.

[31] Marques LA, Franco EL. Association between timing of

surgery during menstrual cycle and prognosis in pre-

menopausal breast cancer. Int J Cancer 1993;53:707�8.

[32] Nathan B, Bates T, Anbazhagan R, Norman AR. Timing of

surgery for breast cancer in relation to the menstrual cycle

and survival of premenopausal women. Br J Surg 1993;

80:43.

[33] Corder AP, Cross M, Julious SA, Mullee MA, Taylor I. The

timing of breast cancer surgery within the menstrual cycle.

Postgrad Med J 1994;70(822):281�4.

[34] Wobbes T, Thomas CM, Segers MF, Peer PG, Bruggink

ED, Beex LV. The phase of the menstrual cycle has no

influence on the disease-free survival of patients with

mammary carcinoma. Br J Cancer 1994;69:599�600.

[35] Saad Z, Bramwell V, Duff J, Girotti M, Jory T, Heathcote G,

et al. Timing of surgery in relation to the menstrual cycle in

premenopausal women with operable breast cancer. Br J

Surg 1994;81:217�20.

[36] Veronesi U, Luini A, Mariani L, Del Vecchio M, Alvez D,

Andreoli C, et al. Effect of menstrual phase on surgical

treatment of breast cancer. Lancet 1994;343(8912):1545�7.

[37] Jager W, Sauerbrei W. Effect of timing of surgery during the

menstrual cycle of premenopausal breast cancer patients.

Breast Cancer Res Treat 1995;34:279�87.

[38] D’eredita’ G, De Leo G, Punzo C, Neri N, Losacco T,

Pitzalis MV, et al. Timing of breast cancer surgery during

menstrual cycle. A 10-year analysis of 133 premenopausal

women. Breast 1995;4:25�8.

[39] Kurebayashi J, Sonoo H, Shimozuma K. Timing of surgery

in relation to the menstrual cycle and its influence on the

survival of Japanese women with operable breast cancer.

Surg Today 1995;25:519�24.

[40] Holli K, Isola J, Hakama M. Prognostic effect of timing of

operation in relation to menstrual phase of breast cancer

patient�fact or fallacy. Br J Cancer 1995;71:124�7.

[41] Tsuchiya A, Furukawa H, Kanno M, Kimijima I, Abe R.

Lack of the relationship between menstrual status and timing

of surgery in survival of premenopausal patients with breast

cancer. Fukushima J Med Sci 1996;42:11�6.

[42] Toscano G, Pastura G, Costa G, Traina A, Spadaro P,

Liquori M, et al. Timing of surgery during menstrual cycle

and prognosis in operable breast cancer. Ann N Y Acad Sci

1996;784.

[43] Mondini G, Decian F, Sorice G, Friedman D, Spirito C,

Costantini M, et al. Timing of surgery related to menstrual

cycle and prognosis of premenopausal women with breast

cancer. Anticancer Res 1997;17(1B):787�90.

[44] Vanek VW, Kadivar TF, Bourguet CC. Correlation of

menstrual cycle at time of breast cancer surgery to disease-

free and overall survival. South Med J 1997;90:780�8.

[45] Chang S, Hulka BS, Baird DD, Ingle JN, Newman B,

Graham ML, et al. Breast cancer survival and the timing of

tumor removal during the menstrual cycle. Cancer Epide-

miol Biomarkers Prev 1997;6:881�6.

[46] Milella M, Nistico C, Ferraresi V, Vaccaro A, Fabi A,

D’Ottavio AM, et al. Breast cancer and timing of surgery

during menstrual cycle: A 5-year analysis of 248 premeno-

pausal women. Breast Cancer Res Treat 1999;55:259�66.

[47] Nomura Y, Kataoka A, Tsutsui S, Murakami S, Takenaka Y.

Lack of correlation between timing of surgery in relation to

the menstrual cycle and prognosis of premenopausal patients

with early breast cancer. Eur J Cancer 1999;35:1326�30.

[48] Takeda Y, Yanagie H, Yoshizaki I, Eriguchi M. Does the

timing of surgery for breast cancer in relation to the

menstrual cycle or geomagnetic activity affect prognoses of

premenopausal patients? Biomed Pharmacother 2003;

57(Suppl 1):96s�103s.

Timing of breast cancer surgery 579


