The Development and Translation of Tamoxifen to the Clinic in Manchester

Tamoxifen was developed in the laboratories of ICI Pharmaceuticals in Manchester
The first clinical trial of the drug was begun at the Christie Hospital, Manchester in
December 1969 and reported in 1971 (Cole et al 1971). This study demonstrated
that tamoxifen was considerably less toxic than the oestrogens and androgens in use
to treat advanced breast cancer at the time and led to the widespread use of the
drug to treat advanced breast cancer but also after surgery for breast cancer (Ribeiro
and Palmer 1983) and more recently to prevent breast cancer (Cuzick et al 2002).
Subsequent studies in Manchester and elsewhere demonstrated the importance of
oestrogen and progesterone receptor content of the tumour for reponse to
tamoxifen and overall outcome in patients (Howell A et al 1984,1987). In
Manchester we were the first to demonstrate the effectiveness of tamoxifen when
given in the weeks before surgery (the first ‘window trial’) showing a marked
reduction in tumour cell proliferation (Baildam et al 1987, Clarke et al 1993, Ellis et al
1997) and later that further responses could be seen after stopping treatment with
tamoxifen (the so called ‘withdrawal effect’. Howell et al 1992). Subsequent studies
were performed to determine whether adding additional treatments to tamoxifen
improved responsiveness (Jonat et al 1995, Fentiman et al 1994, Dowsett M et al
2001, Howell et al 2004).

An overview of all randomised trials (including those from Manchester) where
tamoxifen was compared with placebo after surgery for breast cancer indicated that
tamoxifen reduced breast cancer relapse by approximately 50% and improved
survival by about 30% (Early Breast Cancer Trialists Collaborative Group 2005) and
concluded that a large part of the marked improvement in survival after surgery for
breast cancer was related to the widespread introduction of tamoxifen treatment
(Peto 1998)

In the adjuvant trials it was noted that during treatment the incidence of new
cancers in the contralateral breast were reduced by 50% (Cuzick and Baum 1985).
This lead to trials of tamoxifen versus placebo as preventive agents in women at high
risk of breast cancer (The International Breast International Study |I. Howell A CoPI).
Overall the results showed a reduction in risk of breast cancer by approximately 40%
(Cuzick et al 2002,2007), a preventive effect which was show to last for up to 15
years after the standard five years of treatment with tamoxifen (Cuzick et al 2015)
with good quality of life (Fallowfield et al 2001).

Further studies on human normal breast tissue transplanted into immune deprived
mice indicated that tamoxifen reduced cell proliferation and increased apoptosis in
women at high risk with and without mutations in BRCA1 and BRCA2 (Bramley et al



2006). Other studies in Manchester have lead to a greater understanding of the
effects of oestrogen and tamoxifen on the normal breast (Laidlaw et al 1995, Clarke
et al 1997, Anderson et al 1998, Clarke et al 2005), and the mechanisms of tamoxifen
resistance (Martinez-Outschoorn et al 2011, Simoes et al 2015).

There is a need for markers of responsiveness to tamoxifen in the prevention setting
since only just under half of women have a reduction in breast cancer risk. The
Manchester group and collaborators have explored the value of nipple secretions
(Harding et al 2000) and, more recently the value of reductions in mammographic
density as a measure of responsiveness (Warwick et al 2003, Cuzick et al 2011,
Donnelly et al 2014) as markers .

Manchester’s leading involvement in NICE guidelines led to recommendations in
2013 that tamoxifen was offered to women at high risk and considered in women at
moderate risk of breast cancer (Evans 2013). Although women at high risk and thus
candidates for tamoxifen use are seen in Family History Clinics they are usually
referred by GPs when younger than 50yrs of age (Donnelly et al 2014). We have
demonstrated that highrisk older women may be detected in the context of the NHS
National Breast Screening Programme and offered preventive tamoxifen s for
younger women in Family History Clinics (Evans et al 2014, 2015, 2016). Work in
Manchester has shown that full application of NICE guidelines could prevent 35% of
15,000 breast cancers annually in the UK equivalent to a saving in the costs of breast
cancer treatment annually of £100,000,000 compared with a preventative treatment
such as tamoxifen that only costs about £12 per year.

References

Cole MP, Jones CT, Todd ID.

A new anti-oestrogenic agent in late breast cancer. An early clinical appraisal of
ICl46474.

Br J Cancer. 1971 Jun;25(2):270-5.

Buchanan RB, Blamey RW, Durrant KR, Howell A, Paterson AG, Preece PE, Smith DC,
Williams CJ, Wilson RG.

A randomized comparison of tamoxifen with surgical oophorectomy in
premenopausal patients with advanced breast cancer.

J Clin Oncol. 1986 Sep;4(9):1326-30.

Howell A, Barnes DM, Harland RN, Redford J, Bramwell VH, Wilkinson MJ, Swindell R,
Crowther D, Sellwood RA.
Steroid-hormone receptors and survival after first relapse in breast cancer.




Lancet. 1984 Mar 17;1(8377):588-91.

Howell A, Harland RN, Barnes DM, Baildam AD, Wilkinson MJ, Hayward E, Swindell R,
Sellwood RA.
Endocrine therapy for advanced carcinoma of the breast: relationship between the

effect of tamoxifen upon concentrations of progesterone receptor and subsequent

response to treatment.
Cancer Res. 1987 Jan 1;47(1):300-4

Ribeiro G, Palmer MK.

Adjuvant tamoxifen for operable carcinoma of the breast: report of clinical trial by
the Christie Hospital and Holt Radium Institute.

Ribeiro G, Palmer MK.

Br Med J (Clin Res Ed). 1983 Mar 12;286(6368):827-30

134.

Cuzick J, Forbes J, Edwards R, Baum M, Cawthorn S, Coates A, Hamed A, Howell A,
Powles T; IBIS investigators.

First results from the International Breast Cancer Intervention Study (IBIS-1): a
randomised prevention trial.

Lancet. 2002 Sep 14;360(9336):817-24

Baildam AD, Zaloudik J, Howell A, Barnes DM, Moore M, Sellwood RA.

Effect of tamoxifen upon cell DNA analysis by flow cytometry in primary carcinoma
of the breast.

Br J Cancer. 1987 May;55(5):561-6.

Clarke RB, Laidlaw 1J, Jones LJ, Howell A, Anderson E.

Effect of tamoxifen on Ki67 labelling index in human breast tumours and its
relationship to oestrogen and progesterone receptor status.

Br J Cancer. 1993 Mar;67(3):606-11.

Ellis PA, Saccani-Jotti G, Clarke R, Johnston SR, Anderson E, Howell A, A'Hern R, Salter
J, Detre S, Nicholson R, Robertson J, Smith IE, Dowsett M.

Induction of apoptosis by tamoxifen and ICI 182780 in primary breast cancer.

Int J Cancer. 1997 Aug 7;72(4):608-13.

Howell A, Dodwell DJ, Anderson H, Redford J.

Response after withdrawal of tamoxifen and progestogens in advanced breast
cancer.

Ann Oncol. 1992 Sep;3(8):611-7



Fentiman IS, Howell A, Hamed H, Lee SM, Ranson M, Wall J, Chaudary MA, Ash CM,
Gregory WM, Sellwood RA, et al.

A controlled trial of adjuvant tamoxifen, with or without prednisolone, in post-
menopausal women with operable breast cancer.

Br J Cancer. 1994 Oct;70(4):729-31

Jonat W, Kaufmann M, Blamey RW, Howell A, Collins JP, Coates A, Eiermann W,
Janicke F, Njordenskold B, Forbes JF, et al.

A randomised study to compare the effect of the luteinising hormone releasing
hormone (LHRH) analogue goserelin with or without tamoxifen in pre- and
perimenopausal patients with advanced breast cancer.

Eur J Cancer. 1995;31A(2):137-42

Dowsett M, Cuzick J, Howell A, Jackson I; ATAC Trialists' Group.

Pharmacokinetics of anastrozole and tamoxifen alone, and in combination, during
adjuvant endocrine therapy for early breast cancer in postmenopausal women: a
sub-protocol of the 'Arimidex and tamoxifen alone or in combination' (ATAC) trial.
Br J Cancer. 2001 Aug 3;85(3):317-24

Howell A, Robertson JF, Abram P, Lichinitser MR, Elledge R, Bajetta E, Watanabe T,
Morris C, Webster A, Dimery |, Osborne CK.

Comparison of fulvestrant versus tamoxifen for the treatment of advanced breast
cancer in postmenopausal women previously untreated with endocrine therapy: a
multinational, double-blind, randomized trial.

J Clin Oncol. 2004 May 1;22(9):1605-13

Effects of chemotherapy and hormonal therapy for early breast cancer on
recurrence and 15-year survival: an overview of the randomised trials.
Early Breast Cancer Trialists' Collaborative Group (EBCTCG).

Lancet. 2005 May 14-20;365(9472):1687-717.

Peto R.
Mortality from breast cancer in UK has decreased suddenly.
BMJ. 1998 Aug 15;317(7156):476-7

Cuzick J, Baum M
Tamoxifen and contralateral breast cancer.
Lancet. 1985 Aug 3;2(8449):282.



Cuzick J, Forbes JF, Sestak |, Cawthorn S, Hamed H, Holli K, Howell A; International
Breast Cancer Intervention Study | Investigators.

Long-term results of tamoxifen prophylaxis for breast cancer--96-month follow-up of
the randomized IBIS-I trial.

J Natl Cancer Inst. 2007 Feb 21;99(4):272-82.

Cuzick J, Sestak |, Cawthorn S, Hamed H, Holli K, Howell A, Forbes JF; IBIS-I
Investigators.

Tamoxifen for prevention of breast cancer: extended long-term follow-up of the IBIS-
| breast cancer prevention trial.

Lancet Oncol. 2015 Jan;16(1):67-75.

Fallowfield L, Fleissig A, Edwards R, West A, Powles TJ, Howell A, Cuzick J.
Tamoxifen for the prevention of breast cancer: psychosocial impact on women
participating in two randomized controlled trials.

J Clin Oncol. 2001 Apr 1;19(7):1885-92.

Bramley M, Clarke RB, Howell A, Evans DG, Armer T, Baildam AD, Anderson E.
Effects of oestrogens and anti-oestrogens on normal breast tissue from women
bearing BRCA1 and BRCA2 mutations.

Br J Cancer. 2006 Apr 10;94(7):1021-8

Laidlaw 1), Clarke RB, Howell A, Owen AW, Potten CS, Anderson E

The proliferation of normal human breast tissue implanted into athymic nude mice is
stimulated by estrogen but not progesterone.

Endocrinology. 1995 Jan;136(1):164-71.

Clarke RB, Howell A, Potten CS, Anderson E.

Dissociation between steroid receptor expression and cell proliferation in the human
breast.

Cancer Res. 1997 Nov 15;57(22):4987-91

Anderson E, Clarke RB, Howell A.
Estrogen responsiveness and control of normal human breast proliferation.
J Mammary Gland Biol Neoplasia. 1998 Jan;3(1):23-35.

Clarke RB, Spence K, Anderson E, Howell A, Okano H, Potten CS.

A putative human breast stem cell population is enriched for steroid receptor-
positive cells.

Dev Biol. 2005 Jan 15;277(2):443-56.

Martinez-Outschoorn UE, Goldberg A, Lin Z, Ko YH, Flomenberg N, Wang C, Pavlides
S, Pestell RG, Howell A, Sotgia F, Lisanti MP.

Anti-estrogen resistance in breast cancer is induced by the tumor microenvironment
and can be overcome by inhibiting mitochondrial function in epithelial cancer cells.
Cancer Biol Ther. 2011 Nov 15;12(10):924-38.



Simdes BM, O'Brien CS, Eyre R, Silva A, Yu L, Sarmiento-Castro A, Alférez DG, Spence
K, Santiago-Gomez A, Chemi F, Acar A, Gandhi A, Howell A, Brennan K, Rydén L,
Catalano S, Andé S, Gee J, Ucar A, Sims AH, Marangoni E, Farnie G, Landberg G,
Howell SJ, Clarke RB.

Anti-estrogen Resistance in Human Breast Tumors Is Driven by JAG1-NOTCH4-
Dependent Cancer Stem Cell Activity.

Cell Rep. 2015 Sep 29;12(12):1968-77.

Harding C, Osundeko O, Tetlow L, Faragher EB, Howell A, Bundred NJ.
Hormonally-regulated proteins in breast secretions are markers of target organ
sensitivity.

Br J Cancer. 2000 Jan;82(2):354-60.

Warwick J, Pinney E, Warren RM, Duffy SW, Howell A, Wilson M, Cuzick J.
Breast density and breast cancer risk factors in a high-risk population.
Breast. 2003 Feb;12(1):10-6.

Cuzick J, Warwick J, Pinney E, Duffy SW, Cawthorn S, Howell A, Forbes JF, Warren
RM.

Tamoxifen-induced reduction in mammographic density and breast cancer risk
reduction: a nested case-control study.

J Natl Cancer Inst. 2011 May 4;103(9):744-52

Donnelly LS, Evans DG, Wiseman J, Fox J, Greenhalgh R, Affen J, Juraskova |,
Stavrinos P, Dawe S, Cuzick J, Howell A.

Uptake of tamoxifen in consecutive premenopausal women under surveillance in a
high-risk breast cancer clinic.

Br J Cancer. 2014 Apr 2;110(7):1681-7

Evans DG, Graham J, O'Connell S, Arnold S, Fitzsimmons D.
Familial breast cancer: summary of updated NICE guidance. BMJ. 2013 Jun
25;346:f3829. doi: 10.1136/bmj.f3829

Evans DG, Brentnall AR, Harvie M, Dawe S, Sergeant JC, Stavrinos P, Astley S, Wilson
M, Ainsworth J, Cuzick J, Buchan |, Donnelly LS, Howell A.

Breast cancer risk in young women in the national breast screening programme:
implications for applying NICE guidelines for additional screening and
chemoprevention.

Cancer Prev Res (Phila). 2014 Oct;7(10):993-1001

Evans DG, Howell A.

Can the breast screening appointment be used to provide risk assessment and
prevention advice?

Breast Cancer Res. 2015 Jul 9;17:84.



Evans DG, Donnelly LS, Harkness EF, Astley SM, Stavrinos P, Dawe S, Watterson D,
Fox L, Sergeant JC, Ingham S, Harvie MN, Wilson M, Beetles U, Buchan |, Brentnall
AR, French DP, Cuzick J, Howell A.

Breast cancer risk feedback to women in the UK NHS breast screening population.
Br J Cancer. 2016 Mar 29. doi: 10.1038/bjc.2016.56. [Epub ahead of print]



