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Abstract: word count 249

Purpose: The purpose of this trial was to establish if maintenance lapatinib after first-line chemotherapy is beneficial in HER1/HER2 positive metastatic urothelial bladder cancer (UBC) patients. 
Method: Patients with metastatic UBC were screened for HER1/HER2 status by centralised immunohistochemistry (IHC). HER1/2 positive screened patients, who did not have progressive disease during chemotherapy (4-8 cycles) were randomised (1:1) to lapatinib (L) or placebo (P) after completion of first line chemotherapy. The primary endpoint was progression free survival (PFS). 
Results: Between 2007-2013, 446 UBC patients were screened and 232 HER 1 or 2 positive patients were randomised. The median PFS for L and P was 4.5 months (95% CI: 3.3 – 5.4) and 5.1 months (95% CI: 3.0 – 5.8) respectively [HR: 1.08 (95% CI: ≤1.43) p = 0.62]. The overall survival for L and P was 12.6 months (95% CI: 9.0 – 16.2) and 12.0 months (95% CI: 10.6 – 15.8) respectively [HR = 0.96 (95% CI: ≤1.31) p = 0.79]. Discontinuation due to AEs were similar in both arms (6% lapatinib and 5% placebo).  The rate of grade 3-4 AEs for L and P was 8.6% vs. 8.1% (p = 0.82). Pre-planned subset analysis of i) HER1/HER2 3+ positive patients (n= 111) ii) HER1 only positive patients (n= 102) iii) HER2 only positive patients (n= 42) showed no significant benefit with lapatinib. A prognostic index from the time of completion of chemotherapy separated patients in 3 discriminatory groups for survival. 
Conclusion: This is the first personalised randomised phase III trial in metastatic UBC. Maintenance lapatinib does not improve outcomes in HER1 or HER2 positive patients.  

Background. 
The overall survival of patients with metastatic urothelial bladder cancer (UBC), also known as transitional cell cancer (TCC) is short.  Treatment for metastatic disease focuses on platinum based combination chemotherapy in the first line setting [1,2]. After chemotherapy is complete, patients have a period of observation.  The vast majority of these patients relapse and die from the disease. The activity of further second line chemotherapy remains controversial, with no clear survival advantage [3]. 

To date, there have been no FDA approved targeted treatments in metastatic UBC, despite a number of molecular targets such as the HER family and VEGF appearing attractive pre-clinically [4-6]. Clinical studies testing these agents in unselected patients have failed to reproduce this in vivo activity [7-9]. There are three possible reasons for these disappointing results. Firstly, combining chemotherapy and targeted therapy in the UBC population, which has multiple co-morbidities, has proven difficult [7,8,10,11]. Secondly, none of the randomised trials to date have selected patients based on expression of molecular targets. Finally, UBC has a high frequency of mutations, therefore targeting only one protein may be inadequate to achieve clinical benefit [12]. 

To address these three issues, the UK Bladder Cancer Clinical Studies Group embarked on a phase II/III randomised trial testing single lapatinib (a HER 1 and 2 tyrosine kinase inhibitor) against placebo in HER 1 or 2 positive advanced/metastatic UBC. The drug was tested in the period after the completion of first line chemotherapy with the primary aim of delaying the progression free survival (PFS).  The goal was to maintain the response to chemotherapy; hence the term maintenance therapy. Placebo was used as the control, allowing for double blinding.  
 
Lapatinib was chosen as the study drug because it targets HER 1 and 2, both of which have been implicated in bladder cancer progression [5,6,13,14]. Preclinical and phase II data support its use in selected HER 1 or 2 positive individuals (on immunohistochemistry [IHC]) [15].  Also, as a single agent it appears well tolerated, which is important in this population where co-morbidites are common.  

MATERIALS AND METHODS
Methods
Screening phase: Eligible patients included those with histologically confirmed advanced/metastatic TCC of the urothelial tract. A component of TCC histology was required. Archived paraffin embedded tissue was used for biomarker testing. There was no time limit on the age of the sample. Sites sent the most recent sample for testing when multiple samples were available from the same patient. Screening occurred during or after the completion of first line chemotherapy for advanced metastatic disease. Pathology samples were centrally reviewed and tested for HER 1 and 2. Positive patients were potentially eligible to participate in the trial. Baseline characteristics, treatment and outcome data was collected on the entire screened population. All patients gave informed consent for this trial which has appropriate review and ethical approval (NCT00949455). 

HER 1 and HER 2 testing: Over expression of HER1 and HER2 was performed using IHC. IHC was performed using the standard Avidin-Biotin Complex (ABC) staining method standardised for both antibodies. The primary antibody was incubated for 1 hour as per the optimised method for each antibody (Novacastra antibodies, HER1 1:20, HER2 1:80). The immunohistochemical scoring was performed independently and blinded by a single pathologist. Expression was scored by staining intensity (0, negative; 1+, weakly positive; 2+, moderately positive; 3+, strongly positive). Only patients with 2+ or 3+ on IHC for HER1 and/or HER2 were considered to be positive and potentially eligible for the study.

Key Eligibility Criteria: Patients were required to have completed 4-8 cycles of chemotherapy for advanced metastatic UBC. Randomisation needed to occur at least 4 and at most 10 weeks after the completion of chemotherapy. Any recognised chemotherapy regimen for metastatic UBC was permitted. Prior adjuvant or neoadjuvant chemotherapy was not considered as first line chemotherapy. Patients with radiological progression of disease on first line chemotherapy were excluded. Adequate renal, haematological and liver function were required. Patients with a left ventricular ejection fraction (LVEF) below the normal range were excluded. Patients were required to be at least eighteen years and have resolution of chemotherapy related toxicity prior to randomisation. 

Evaluation on study: Prior to randomisation, patient history, examination, trial related blood tests and cross sectional imaging occurred. Patients were seen on a 4 weekly basis throughout the trial. Adverse events (AEs) were graded according to version 3.0 of the National Cancer Institute Common Toxicity Criteria for Adverse Events (CTCAEv3). Disease status and LVEF were assessed every 12 weeks. Response and progression were assessed by Response Evaluation Criteria in Solid Tumors (RECIST; version 1.1). No central review occurred. Patients discontinued study at progression, withdrawal of consent, unacceptable toxicity or death. 

Treatment plan: Patients were randomly assigned in a double blind manner to lapatinib or placebo (1:1). Stratification by prior response to first-line chemotherapy (SD vs PR/CR) and ECOG performance status occurred. Lapatinib was given continuously at 1500mg once daily (6 x 250mg tablets). In the placebo group 6 visually identical tablets were given instead. Dose reductions to 5 or 4 tablets could occur. A treatment delay of 21 days was permitted due to adverse events. 

Endpoints and statistical consideration: The primary endpoint was progression free survival (PFS) from the time of randomisation to progression or death. All randomised patients were included in the analysis (Consort diagram figure 1).  Secondary endpoints included overall survival (OS), response rates, occurrence of adverse events. Exploratory analysis included outcome of subsets of HER 1 or 2 patients. Additionally, outcomes from the entire screening population was assessed to construct a prognostic index. The baseline time point for the analysis of the screening population was the date of completion of chemotherapy. 
The trial followed a phase II/III design. The phase II completed after the 49th event. The subsequent phase III required approximately 221 patients for 196 events and using a single sided design with alpha = 0.025 with a power of 90% to detect an increase of 30% in progression-free survival for the treatment group compared to placebo. The duration of this PFS was assumed to be 6 months, although there was a lack of previous data to guide this estimation. An independent data monitoring committee followed the efficacy and toxicity. The IDMC made the recommendation to continue from phase II to phase III after assessment of the 49th event. Investigators and the study team remained blinded to the results of the trial throughout. 

All analyses were conducted on an intention-to-treat basis. PFS and OS was compared between the study arms using the log rank test stratified by the baseline stratification factors and corresponding 95% one-sided CI were presented to align with the one-sided p-values.  Significant factors in univariable Cox Proportional hazards regression analysis for OS were included into a multivariable Cox model to identify significant prognostic variables. To construct the prognostic index, significant factors on multivariable analysis were dichotomised and added together to form a prognostic index. Prognostic index was further categorised to indicate patients as low risk, medium risk or high risk depending on the presence of none, one or more than one risk factors. 

Results

Screening population: Between 2007 and 2013, 446 patients were screened for HER 1 and 2 status (Table 1). Overall, 329 (74%) of patients were male and the median age was 71yrs (IQR 64-77) (Table 1). The median number of chemotherapy cycles was 6 (IQR: 4 - 6), 61% received cisplatin based chemotherapy and 48% of patients had visceral metastasis. One hundred and thirty three patients (30%) received second line chemotherapy. 
The median duration from the time tissue was taken for diagnosis to screening consent was 5 months (supplementary figure 1). Archived tissue was histologically T1 in 11%, T2-3 in 64%, T4 in 22% and from nodal/metastatic sites in 3%.  HER 1 and 2 positivity did not change with increasing T stage (data not shown). 15% of screened patients were HER 1 and 2 negative, while 39%, 13% and 33% of patients were HER 1, HER 2 and HER 1+2 positive respectively. There was no significant difference in the PFS or OS of the HER1/2 negative and positive patients in the screened population (HR 0.87 [95% CI: 0.70-1.08] and HR 0.83 [95% CI: 0.66-1.06] respectively) (supplementary figure 2), suggesting it is not a prognostic factor. 
The commonest reasons for ineligibility for randomisation were disease progression (n=52 [24%]), patient choice (n=19 [8%]) and reduced LVEF (n=41 [19%]) (see consort diagram: Figure 1).  

Characteristics and outcome of the randomised population. 
There were no significant differences in characteristics in the screened or randomised population, except randomised patients included only HER1/2 +ve patients and excluded those with progression of disease (table 1). Two hundred and thirty-two patients were randomised to lapatinib (n=116) or placebo (n=116). The median follow up was 26.62 (95% CI: 22.08 30.36) months [21]. The progression free survival for lapatinib and placebo were 4.5 months (95% CI: 3.3 – 5.4) and 5.1 months (95% CI: 3.0 – 5.8) respectively [HR: 1.08 (95% CI: ≤1.43) p = 0.62]. The overall survival for lapatinib and placebo were 12.6 months (95% CI: 9.0 – 16.2) and 12.0 months (95% CI: 10.6 – 15.8) respectively [HR = 0.96 (95% CI: ≤1.3) p = 0.79] (Figure 2a and b). The best response rate for lapatinib and placebo were 14% vs 8% (p = 0.14). 

Predefined subset analysis of  i) HER1/HER2 3+ positive patients on IHC (n= 111: 48%) ii) HER1 only positive patients (n=102: 44%)  iii) HER2 only positive patients (n=42; 18%) showed no significant benefit in PFS (HR 0.90 [95% CI: 0.59 – 1.36 ], 0.98 [95% CI: 0.72 – 1.35] and 1.27 [95% CI: 0.87 – 1.85 ] respectively: p > 0.05 for each) or OS (HR 0.77 [95% CI: 0.48 – 1.24 ], 0.90 [95% CI: 0.63 – 1.28 ] and 1.06 [95% CI: 0.69 – 1.62 ] respectively: p > 0.05 for each) for lapatinib. Sub-grouped Forest plot analysis also failed to find a subgroup of patients who benefit from therapy (Supplementary figure 3). Patients treated with cisplatin chemotherapy (as first line treatment) did not have a better OS compared to carboplatin therapies in either the screened (HR 0.83 [95% CI: 0.65 – 1.06] or randomised population (HR = 0.86, 95% CI: 0.61-1.22).  

Dose reduction and adverse event profile: Lapatinib dose was reduced in 17 patients (7%). Discontinuation due to AEs were similar in both arms (6% lapatinib and 5% placebo).  There was no significant difference in the frequency of adverse events (AEs occurring in >10% of patients is shown in table 2). The rate of grade 3-4 AEs for L and P was 8.6% vs. 8.1% (p = 0.82). 

Prognosis of patients at the time of completion of chemotherapy: The OS for the screened population (n=446) at the time of completion of chemotherapy was 11.7 months [95% CI: 9.9 – 12.8]. Univariable analysis was performed using the screened population at the time of completion of chemotherapy (table 3).  Results showed that poor performance status (HR=1.53, 95%CI: 1.28-1.84, p<0.001) and progression with chemotherapy (HR= 4.2, 95% CI: 2.63–6.72, p<0.001) were associated with a poor overall survival. Visceral metastasis (HR=1.32 95% CI: 1.01-1.71, p=0.04) was also significant. A prognostic index incorporating these three factors was generated.  Figure 3 shows the survival of the three prognostic groups within this prognostic index.  The one year OS for low, medium and high risk patients were 61.2% (95% CI: 52.4-68.9), 49.1% (95% CI: 40.7-57.1) and 21.9% (95% CI: 12.7-32.6) respectively.


Discussion
Lapatinib was not associated with clinical benefit in patients with HER 1 and 2 positive UBC tumours. Further analysis of subsets of HER 1 or 2 positive patients did not show any clinical benefit associated with the drug, even in those tumors which expressed the highest level of the biomarker (3+ on IHC), reinforcing the lack of benefit. This study is the first randomised phase III personalised therapy trial in metastatic UBC. The trial design was novel and the phase II results with lapatinib were promising in UBC [15], justifying the study. However, our strategy was unsuccessful. There are a number of potential reasons for this. Firstly, while targeting HER proteins in isolation in breast cancer has been successful, they may not be of key importance in UBC [7,16]. Recent studies investigating trastuzumab (HER-2 antibody) with chemotherapy in UBC were also negative supporting this theory [16]. Secondly, archived paraffin embedded tissue was used to measure biomarker expression, which may not have been representative of the current biomarker status. Also cancer tissue consisted largely of tissue from the bladder which may not be representative of metastatic disease. Nevertheless, all of the subset of analyses were negative, suggesting biomarker positivity may not be the issue. 
Levels of grade 3 or 4 adverse events were high in both arms.  However drugs discontinuation levels were low, demonstrating that this population, which is recovering from chemotherapy, has high levels of morbidity. 
The maintenance trial design in this setting was novel and remains an attractive design in UBC despite our negative result.  This is due to the high initial response rates with chemotherapy balanced by the short time to relapse after it is complete (5.5 months). Indeed a new generation of immune therapy studies are using this trial design (NCT02500121).  

Results from the screened population showed that HER 1 or 2 status were not prognostic. This is the most robust analysis of this issue to our knowledge, which sheds light on previously contradictory data [17,18]. It also questions the hypothesis that HER 1 or 2 is important in the oncogenic process [13,14].
The trial design allowed us to study the characteristics and outcome of unselected patients after the completion of chemotherapy, which has not been reported previously. Over half the patients received cisplatin (61%) containing regimen, and a high proportion (48%) had visceral metastasis giving some insight into the current population of patients receiving chemotherapy.  Survival was short after the completion of chemotherapy, with life median expectancy of under a year. There was no significant difference in outcome when comparing cisplatin and carboplatin (HR 0.83 95% [CI:0.65-1.06]), underlining the modest differences between these agents when compared in prospective series. Also, only 30% of patients received 2nd line chemotherapy demonstrating the need to optimise first line treatment. Together these results show that the UBC population has a poor outcome even if they initially gained clinical benefit from chemotherapy, which underlines the need for new treatments in UBC [18]. 
Prognostic factors were also assessed in this population. Previous studies looking at prognostic factors have focused on clinical parameters prior to starting first-line therapy [19]. Our trial design allowed us to robustly analyse prognostic factors at the time of completion of chemotherapy. Results showed that radiological progression on chemotherapy, visceral metastasis, and poor performance status were associated with a poor outcome in multivariable analysis.  A prognostic model consisting of these factors was constructed and discriminated patients into three clear groups. While further validation is required this information is novel and helpful to patients and their carers. 
Overall, this study, with others [16], questions the further exploration of the HER 1 and 2 proteins as targets in UBC.

Acknowledgements 
We would like to thank GSK for a research grant and the CRUK experimental cancer medicine centre for support. We would also like to thank Kashfia Chowdhury for statistical input.

References

1 Bellmunt J, von der Maase H, Mead GM, Skoneczna I, De Santis M, Daugaard G, Boehle A, Chevreau C, Paz-Ares L, Laufman LR, Winquist E, Raghavan D, Marreaud S, Collette S, Sylvester R, de Wit R.Randomized phase III study comparing paclitaxel/cisplatin/gemcitabine and gemcitabine/cisplatin in patients with locally advanced or metastatic urothelial cancer without prior systemic therapy: EORTC Intergroup Study 30987.J Clin Oncol. 2012 Apr 1;30(10):1107-13.

2 De Santis M, Bellmunt J, Mead G, Kerst JM, Leahy M, Maroto P, Gil T, Marreaud S, Daugaard G, Skoneczna I, Collette S, Lorent J, de Wit R, Sylvester R.Randomized phase II/III trial assessing gemcitabine/carboplatin and methotrexate/carboplatin/vinblastine in patients with advanced urothelial cancer who are unfit for cisplatin-based chemotherapy: EORTC study 30986.J Clin Oncol. 2012 Jan 10;30(2):191-9.

3 Bellmunt J, Théodore C, Demkov T, Komyakov B, Sengelov L, Daugaard G, Caty A, Carles J, Jagiello-Gruszfeld A, Karyakin O, Delgado FM, Hurteloup P, Winquist E, Morsli N, Salhi Y, Culine S, von der Maase H.Phase III trial of vinflunine plus best supportive care compared with best supportive care alone after a platinum-containing regimen in patients with advanced transitional cell carcinoma of the urothelial tract.
J Clin Oncol. 2009 Sep 20;27(27):4454-61.

4 Kopparapu PK, Boorjian SA, Robinson BD, Downes M, Gudas LJ, Mongan NP, Persson JL.Expression of VEGF and its receptors VEGFR1/VEGFR2 is associated with invasiveness of bladder cancer. Anticancer Res. 2013 Jun;33(6):2381-90.

5 McHugh LA, Sayan AE, Mejlvang J, Griffiths TR, Sun Y, Manson MM, Tulchinsky E, Mellon JK, Kriajevska M.Lapatinib, a dual inhibitor of ErbB-1/-2 receptors, enhances effects of combination chemotherapy in bladder cancer cells. Int J Oncol. 2009 Apr;34(4):1155-63.

6 McHugh LA, Kriajevska M, Mellon JK, Griffiths TR.Combined treatment of bladder cancer cell lines with lapatinib and varying chemotherapy regimens--evidence of schedule-dependent synergy. Urology. 2007 Feb;69(2):390-4.

7 Choueiri TK, Ross RW, Jacobus S, Vaishampayan U, Yu EY, Quinn DI, Hahn NM, Hutson TE, Sonpavde G, Morrissey SC, Buckle GC, Kim WY, Petrylak DP, Ryan CW, Eisenberger MA, Mortazavi A, Bubley GJ, Taplin ME, Rosenberg JE, Kantoff PW.Double-blind, randomized trial of docetaxel plus vandetanib versus docetaxel plus placebo in platinum-pretreated metastatic urothelial cancer. J Clin Oncol. 2012 Feb 10;30(5):507-12.

8 Hussain M, Daignault S, Agarwal N, Grivas PD, Siefker-Radtke AO, Puzanov I, MacVicar GR, Levine EG, Srinivas S, Twardowski P, Eisenberger MA, Quinn DI, Vaishampayan UN, Yu EY, Dawsey S, Day KC, Day ML, Al-Hawary M, Smith DC.
A randomized phase 2 trial of gemcitabine/cisplatin with or without cetuximab in patients with advanced urothelial carcinoma. Cancer. 2014 Sep 1;120(17):2684-93.

9 Grivas PD, Daignault S, Tagawa ST, Nanus DM, Stadler WM, Dreicer R, Kohli M, Petrylak DP, Vaughn DJ, Bylow KA, Wong SG, Sottnik JL, Keller ET, Al-Hawary M, Smith DC, Hussain M.Double-blind, randomized, phase 2 trial of maintenance sunitinib versus placebo after response to chemotherapy in patients with advanced urothelial carcinoma. Cancer. 2014 Mar 1;120(5):692-701.

10 Galsky MD, Hahn NM, Powles T, Hellerstedt BA, Lerner SP, Gardner TA, Yu M, O'Rourke M, Vogelzang NJ, Kocs D, McKenney SA, Melnyk AM Jr, Hutson TE, Rauch M, Wang Y, Asmar L, Sonpavde G.Gemcitabine, Cisplatin, and sunitinib for metastatic urothelial carcinoma and as preoperative therapy for muscle-invasive bladder cancer.Clin Genitourin Cancer. 2013 Jun;11(2):175-81.

11 Culine S, Sellam Z, Bouaita L, Assaf E, Delbaldo C, Verlinde-Carvalho M, Pouessel D.Combining paclitaxel and lapatinib as second-line treatment for patients with metastatic transitional cell carcinoma: a case series. Anticancer Res. 2012 Sep;32(9):3949-52.

12 Kandoth C, McLellan MD, Vandin F, Ye K, Niu B, Lu C, Xie M, Zhang Q, McMichael JF, Wyczalkowski MA, Leiserson MD, Miller CA, Welch JS, Walter MJ, Wendl MC, Ley TJ, Wilson RK, Raphael BJ, Ding L.Mutational landscape and significance across 12 major cancer types.Nature. 2013 Oct 17;502(7471):333-9.


13 Ding W, Tong S, Gou Y, Sun C, Wang H, Chen Z, Tan J, Xu K, Xia G, Ding Q.
Human epidermal growth factor receptor 2: a significant indicator for predicting progression in non-muscle-invasive bladder cancer especially in high-risk groups.
World J Urol. 2015 Apr 18.

14 Tsai YS, Cheng HL, Tzai TS, Chow NH.Clinical Significance of ErbB Receptor Family in Urothelial Carcinoma of the Bladder: A Systematic Review and Meta-Analysis.Adv Urol. 2012;2012:181964.


15 Wülfing C, Machiels JP, Richel DJ, Grimm MO, Treiber U, De Groot MR, Beuzeboc P, Parikh R, Pétavy F, El-Hariry IA. A single-arm, multicenter, open-label phase 2 study of lapatinib as the second-line treatment of patients with locally advanced or metastatic transitional cell carcinoma. Cancer. 2009 Jul 1;115(13):2881-90.

16 Oudard S, Culine S, Vano Y, Goldwasser F, Théodore C, Nguyen T, Voog E, Banu E, Vieillefond A, Priou F, Deplanque G, Gravis G, Ravaud A, Vannetzel JM, Machiels JP, Muracciole X, Pichon MF, Bay JO, Elaidi R, Teghom C, Radvanyi F, Beuzeboc P.Multicentre randomised phase II trial of gemcitabine+platinum, with or without trastuzumab, in advanced or metastatic urothelial carcinoma overexpressing Her2.Eur J Cancer. 2015 Jan;51(1):45-54.

17 Chow NH, Chan SH, Tzai TS, Ho CL, Liu HS.Expression profiles of ErbB family receptors and prognosis in primary transitional cell carcinoma of the urinary bladder.Clin Cancer Res. 2001 Jul;7(7):1957-62

18 Memon AA, Sorensen BS, Meldgaard P, Fokdal L, Thykjaer T, Nexo E.The relation between survival and expression of HER1 and HER2 depends on the expression of HER3 and HER4: a study in bladder cancer patients.Br J Cancer. 2006 Jun 5;94(11):1703-9.

19 Powles T, Eder JP, Fine GD, Braiteh FS, Loriot Y, Cruz C, Bellmunt J, Burris HA, Petrylak DP, Teng SL, Shen X, Boyd Z, Hegde PS, Chen DS, Vogelzang NJ.MPDL3280A (anti-PD-L1) treatment leads to clinical activity in metastatic bladder cancer. Nature. 2014 Nov 27;515(7528):558-62

20 Sonpavde G, Pond GR, Rosenberg JE, Bajorin DF, Choueiri TK, Necchi A, Di Lorenzo G, Bellmunt J. Improved 5-factor prognostic classification of patients receiving salvage systemic therapy for advanced urothelial carcinoma.
J Urol. 2015 Aug 17. pii: S0022-5347(15)04605-4.

21 M Schemper and TL Smith. A note on quantifying follow-up in studies of failure time. Control clinical trials 1996 Aug; 17(4):343-6.

Tables

Table 1. Patients’ demographics and clinical characteristics 
	Characteristics
	Screened but not randomised
 (N = 214)
	Randomised (N = 232)
	Total (N = 446)

	
	
	Lapatinib 
(N = 116)
	Placebo 
(N = 116)
	

	Gender, n (%)
	Female
	57 (26.6)
	28 (24.1)
	32 (27.6)
	117 (26.2)

	
	Male
	157 (73.4)
	88 (75.9)
	84 (72.4)
	329 (73.8)

	Age (Years), median (IQR)
	
	70.4 (64.7 - 77.2)
	70.7 (63.9 - 77.2)
	71.1 (63.8 - 76.3)
	70.7 (64.2 - 77.1)

	Performance status
	0
	30 (22.6)
	53 (45.7)
	52 (44.8)
	125 (35.2)

	
	1
	79 (59.4)
	52 (44.8)
	51 (44.0)
	187 (52.7)

	
	>1
	24 (18.1)
	11 (9.5)
	13 (11.5)
	43 (12.1)

	Response to previous chemotherapy, n (%)
	CR or PR
	92 (51.1)
	80 (69.0)
	78 (67.2)
	250 (60.7)

	
	SD
	36 (20.0)
	36 (31.0)
	38 (32.8)
	110 (26.7)

	
	PD
	52 (28.9)
	0 (0.0)
	0 (0.0)
	52 (12.6)

	Tumour grade, n (%)
	Grade 1 or 2
	16 (9.3)
	4 (4.0)
	4 (4.0)
	24 (6.4)

	
	Grade 3 or 4
	156 (90.7)
	98 (96.0)
	98 (96.1)
	352 (93.7)

	Visceral metastasis, n (%)
	Yes
	77 (46.1)
	60 (53.6)
	47 (43.1)
	214 (48.0)

	
	No
	90 (53.9)
	52 (46.4)
	62 (56.9)
	232 (52.0)

	HER status, n (%)
	HER1 positive
	73 (34.1)
	53 (45.7)
	49 (42.2)
	175 (39.2)

	
	HER2 positive
	18 (8.4)
	21 (18.1)
	21 (18.1)
	60 (13.5)

	
	Both positive
	57 (26.6)
	42 (36.2)
	46 (39.7)
	145 (32.5)

	
	HER negative
	66 (30.8)
	0 (0.0)
	0 (0.0)
	66 (14.8)

	Previous Cisplatin based chemotherapy, n (%)
	Yes
	114 (57.3)
	71 (64.0)
	73 (65.2)
	258 (61.4)

	
	No
	85 (42.7)
	40 (36.0)
	39 (34.8)
	164 (38.9)

	Haemoglobin (g/dL)*, n (%)
	Normal
	17 (9.2)
	31 (28.4)
	26 (22.4)
	74 (18.1)

	
	Low
	168 (90.8)
	78 (71.6)
	90 (77.6)
	336 (81.9)

	Albumin (g/L)*, n (%)
	Normal
	157 (88.7)
	108 (99.1)
	111 (97.4)
	376 (94.0)

	
	Low
	20 (11.3)
	1 (0.9)
	3 (2.6)
	24 (6.0)

	Creatinine (umol/L)*, n (%)
	Normal
	77 (41.9)
	49 (45.0)
	36 (31.6)
	162 (39.8)

	
	High
	107 (58.1)
	60 (55.0)
	78 (68.4)
	245 (60.2)




Table 2. Adverse Events
	AE type, n(%)
	Lapatinib (N =97)
	Placebo
 (N = 99)

	
	Grade 1 - 2
	Grade 3 - 4
	Grade 1 - 2
	Grade 3 - 4

	Anorexia
	12 (12.4)
	0 (0.0)
	7 (7.1)
	0 (0.0)

	Constipation
	14 (14.4)
	2 (2.1)
	17 (17.2)
	1 (1.0)

	Cough
	8 (8.2)
	0 (0.0)
	9 (9.1)
	1 (1.0)

	Diarrhoea
	59 (60.8)
	6 (6.2)
	22 (22.2)
	1 (1.0)

	Fatigue
	34 (35.1)
	4 (4.1)
	41 (41.4)
	1 (1.0)

	Infection
	26 (26.8)
	5 (5.2)
	14 (14.1)
	4 (4.0)

	Itch
	12 (12.4)
	0 (0.0)
	11 (11.1)
	1 (1.0)

	Nausea
	22 (22.7)
	1 (1.0)
	19 (19.2)
	1 (1.0)

	Neuropathy
	7 (7.2)
	0 (0.0)
	13 (13.1)
	1 (1.0)

	Pain
	37 (38.1)
	10 (10.3)
	41 (41.4)
	6 (6.1)

	Rash
	43 (44.3)
	2 (2.1)
	21 (21.2)
	0 (0.0)

	Shortness of breath
	12 (12.4)
	0 (0.0)
	7 (7.1)
	3 (3.0)

	Vomiting
	15 (15.5)
	3 (3.1)
	15 (15.2)
	1 (1.0)


Table 2. Number of Patients by treatment arm, AE type and grade. Most common adverse events graded according to CTCAE v3.0. Data was inadequately recorded or missing on 36 patients, equally balanced from both arms.  



Table 3. Univariable analysis for prognostic factors at the time of completion of chemotherapy. 

Table 3: Univariable Analysis 

	 
	PFS 
	 
	OS

	
	N
	Events
	HR
	95% CI
	P-value
	 
	N
	Events
	HR
	95% CI
	P-value

	Age (Years)
	353
	313
	0.99
	0.98 - 1.01
	0.31
	 
	393
	313
	1.00
	0.99 - 1.01
	0.87

	Gender
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	   Female
	101
	92
	1
	-
	-
	 
	106
	93
	1
	-
	-

	   Male
	252
	221
	0.82
	0.64 - 1.05
	0.12
	 
	287
	220
	0.82
	0.65 - 1.05
	0.12

	ECOG Performance status
	310
	274
	1.25
	1.06 - 1.48
	0.01
	 
	336
	261
	1.55
	1.32 - 1.83
	<0.001

	HER status
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	   HER negative
	44
	41
	1
	-
	-
	 
	47
	43
	1
	 
	 

	   HER1 positive
	141
	121
	1.21
	0.85 - 1.72
	0.30
	 
	158
	125
	1.07
	0.75 - 1.51
	0.72

	   HER2 positive
	53
	48
	1.25
	0.82 - 1.90
	0.29
	 
	58
	48
	0.90
	0.59 - 1.36
	0.62

	   Both positive
	115
	103
	1.00
	0.70 - 1.44
	0.99
	 
	130
	97
	0.84
	0.59 - 1.21
	0.36

	Visceral metastasis
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	   No
	176
	151
	1
	-
	-
	 
	184
	137
	1
	-
	-

	   Yes
	146
	133
	1.27
	1.01 - 1.61
	0.044
	 
	169
	140
	1.44
	1.14 - 1.83
	0.002

	Response to previous chemotherapy
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	   CR or PR
	235
	209
	1
	-
	-
	 
	230
	184
	1
	-
	-

	   SD
	110
	98
	1.03
	0.81 - 1.31
	0.83
	 
	109
	78
	0.94
	0.72 - 1.23
	0.67

	   PD
	-
	-
	-
	-
	-
	
	47
	46
	3.06
	2.20 - 4.26
	<0.001

	Tumour grade
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	   1 and 2
	16
	13
	1
	-
	-
	 
	21
	15
	1
	-
	-

	   3 and 4
	290
	257
	1.10
	0.63 - 1.92
	0.75
	 
	318
	253
	1.31
	0.78 - 2.20
	0.32

	Previous Cisplatin based chemotherapy
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	   No
	137
	126
	1
	-
	-
	 
	148
	122
	1
	-
	-

	   Yes
	206
	177
	0.81
	0.65 - 1.02
	0.07
	 
	235
	183
	0.81
	0.64 - 1.02
	0.07

	Haemoglobin (g/dL)
	337
	298
	1.00
	0.99 - 1.01
	0.75
	 
	374
	296
	1.00
	0.99 - 1.01
	0.64

	Albumin (g/L)
	331
	293
	0.97
	0.94 - 0.99
	0.01
	 
	366
	289
	0.92
	0.89 - 0.94
	<0.001

	Creatinine (umol/L)
	334
	295
	0.998
	0.996 - 1.001
	0.153
	 
	371
	293
	0.998
	0.996 - 1.001
	0.158














Figures: 
Figure 1. Consort diagram: Overview of screened and randomised patients.
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Figure 2.  Comparison of outcomes for the randomised population using the Kaplan Meier method

a)
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Figure 2a. Kaplan-Meier analysis for PFS: the primary endpoint [HR: 1.07 (95% CI: 0.81-1.43), p=0.63

b)

[image: ]
Figure 2b. Kaplan-Meier analysis for OS: the secondary endpoint [HR: 0.96 (95% CI: 0.70-1.31), p=0.79]





Figure 3. Prognostic index predicting outcome from the time of chemotherapy completion. 
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Figure 3. The last day of chemotherapy was considered the start date for data analysis. OS was the chosen endpoint.  Factors associated with a poor outcome on Multivariable analysis were included in the prognostic model: low PS, progression of disease on chemotherapy and presence of visceral metastasis were all allocated 1 point. Three groups (low risk =none, medium risk= 1 factor, and high risk= more than one factor  were formed). 


Supplementary data: 

Supplementary Figure 1. 
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Supplementary Figure 1. Time from tissue collection (archived FPPE tissue) to screening. 





Supplementary Figure 2. Kaplan-Meier overall survival curve by HER status from completion of chemotherapy. 
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Supplementary Figure 3. Sub-grouped Forest plot analysis for PFS. 
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Supplementary Figure 3. Results on the left of the curve favour Lapatinib. Results on the right favour placebo.
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