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Abstract

Background—Topoisomerase | (TOPOL) and topoisomerase lla (TOP2A) are specific targets
of multiple chemotherapy drugs. Increased expression of TOPOL1 protein and amplification of the
TOPZA gene have been associated with treatment response in colorectal and breast cancers,
respectively. TOPO1 and TOP2A may be potential therapeutic targets in other malignancies as
well.

Summary of methods—We analysed TOPO1 protein expression and 7OP2A gene
amplification in patients (n = 24,262 specimens) with diverse cancers. Since HERZand TOPZA
co-amplification have been investigated for predictive value regarding anthracycline benefit, we
analysed specimens for HERZ2amplification as well.

Results—Overexpressed TOPOL1 protein was present in 51% of the tumours. Four percent of the
tumours had TOP2A amplification, with gallbladder tumours and gastroesophageal/oesophageal
tumours having rates over 10%. Overall, 4903 specimens were assessed for both TOP2A and
HERZ2 amplification; 129 (2.6%) had co-amplification. High rates (>40%) of HERZ2amplification
were seen in patients with 7TOP2A amplification in breast, ovarian, gastroesophageal/oesophageal
and pancreatic cancer.

Conclusion—Our data indicate that increased TOPO1 expression and 7OPZ2A amplification, as
well as HERZ co-alterations, are present in multiple malignancies. The implications of these
observations regarding sensitivity to chemotherapy not traditionally administered to these tumour
types merits investigation.
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1. Introduction

The topoisomerase family of enzymes plays a key role in unwinding coiled DNA to facilitate
replication and transcription. By reversibly cleaving the DNA backbone, topoisomerase
allows tension in the double helix to be released. There are two types of topoisomerase
enzymes: type | enzymes cleave one of the two backbones in double-stranded DNA allowing
the double helix to untwist, whereas type 11 enzymes cleave both DNA backbones allowing
for a strand of supercoiled DNA to pass through the break before reconnecting [1,2].

Because topoisomerase enzymes regulate DNA function, they are potential targets for cancer
treatment. Multiple classes of chemotherapy drugs have been developed accordingly.
Camptothecin directly inhibits the activity of topoisomerase | (TOPOZ1) [3]. Two derivatives
of camptothecin, irinotecan and topotecan are in broad clinical use. Etoposide and the
anthracycline chemotherapies doxorubicin, daunorubicin, and epirubicin inhibit
topoisomerase lla (TOP2A) by blocking its ability to repair DNA strands after being
cleaved [4]. The net impact is to interrupt reproduction of cancerous cells.

Tumour samples can be assayed in the laboratory for TOPO1 and TOP2A protein expression
by immunohistochemistry (IHC). Although the TOPO1 IHC assay has been used in multiple
clinical studies [5-7], the clinical relevance of TOP2A protein expression is less clear.
TOP2A protein expression does not necessarily correlate with the amplification of its
encoding gene, TOPZA, though TOPZA amplification has been associated with benefit from
anthracycline chemotherapy [8,9].

HER?Z, which encodes the HER2 tyrosine kinase critical to cell signalling and shares the
long arm of chromosome 17 with TOPZA, has also been implicated in anthracycline
sensitivity [10]. For patients with H#ER2amplification receiving anthracyclines, co-
amplification of TOP2A has been associated with improved outcomes [11-14]. HER2 can
be targeted clinically by several drugs including the monoclonal antibody trastuzumab,
which improves survival when added to conventional chemotherapy in patients with HERZ2
overexpression [15,16].

In this article, we studied TOPOL1 expression in 23,586 tumour samples and 7OP2A
amplification in 5171 tumour samples (total = 24,262 patients) with the goal of identifying
cancer types that may respond to topoisomerase inhibitors. Because of the importance of
HERZin patients with TOPZA amplification, as noted above, we also studied the co-
amplification of TOP2A and HERZ2in 4903 specimens assayed for both the genes.
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2. Materials and methods

2.1. Tissue samples

Test results of consecutive tissue samples (January 2012—August 2014) of locally advanced
and/or metastatic solid tumours submitted to a commercial clinical laboratory improvements
amendments molecular profiling laboratory (Caris Life Sciences, Phoenix, AZ) were
reviewed. (Samples are interrogated based on ordering physician request). Multiplatform
profiling included IHC and fluorescence /n-situ hybridisation (FISH). Since the study
included only deidentified data, it was considered exempt by the UC San Diego Internal
Review Board.

2.2. TOPO1 immunohistochemistry

IHC analysis was performed on formalin-fixed paraffin-embedded tumour samples using
commercially available antibodies against TOPO1 (1D6, Leica Biosystems, Germany). All
slides were read by a board-certified pathologist. Slides were scored as 0+, 1+, 2+, or 3+
depending on the staining intensity, and percent tumour stained was also assigned. The
predetermined threshold to determine TOPO1 overexpression was a staining intensity of 2+
or 3+ in at least 30% or more tumour cells on a given slide. All IHC assays were performed
using commercially available detection kits and automated staining techniques (Benchmark
XT, Ventana Medical Systems, Tucson, AZ and AutostainerLink 48, Dako, Denmark).

2.3. TOP2A fluorescent in-situ hybridisation

FISH was used for evaluation of TOPZA using a commercial probe for TOPZA and the
pericentromeric region of chromosome 17 (Vysis TOPZ/CEP17 probe, Abbott Molecular,
Des Plaines, IL). TOP2A was determined in a minimum of 20 inter-phase tumour cell nuclei
and compared with chromosome 17 centromeres in those tumour nuclei. 7TOP2A
amplification was defined as a TOP2A/CEP17signal ratio =2.0.

2.4. HER? in-situ hybridisation (ISH)

FISH and chromogenic /n-situ hybridisation (CISH) were used interchangeably to evaluate
HERZ amplification.

FISH was performed with a probe specific for HERZ (17911.2-g12 region) and a probe for
the pericentromeric region of chromosome 17 (Pathvysion, Abbott Molecular). Inter-phase
nuclei were examined and the ratio of HERZsignals to chromosome 17 centromere signals
were evaluated to indicate amplification status of this gene. A HERZ/CEP17 ratio higher
than 2.2 was considered amplified (ISH+); a HERZ/CEPI1 7 ratio between 1.8 and 2.2
(equivocal) and a HERZ/CEP1 7 ratio <1.8 (negative) were both considered non-amplified
(ISH-). The Pathvysion HERZ probe has been approved by the US Food and Drug
Administration for selection of patients for trastuzumab and pertuzumab therapy.

CISH was performed by using the INFORM HERZ2 Dual ISH DNA Probe Cocktail (Ventana
Medical Systems) to determine HERZ gene status by enumeration of the ratio of the HERZ2
gene to chromosome 17. The HERZ2and chromosome 17 probes were detected using two-
colour /n-situ hybridisation in formalin-fixed, paraffin-embedded human cancer tissue
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specimens following staining on the BenchMark XT automated slide stainer and visualised
by light microscopy. A HERZ/CEPI17ratio higher than 2.0 was considered amplified (ISH+),
whereas a HERZ/CEPI 7 ratio <2.0 was considered non-amplified (ISH-). The INFORM
HERZ2Dual ISH DNA Probe Cocktail has been approved by the US Food and Drug
Administration for selection of patients to HER2-targeted therapies in breast cancer.

2.5. Statistical methods

3. Results

Descriptive statistics was used for most analyses. IMPv11.1.1 (SAS Institute Inc., Cary, NC)
was utilised for statistical analysis.

3.1. TOPOL1 expression

Tumour samples from 23,586 patients were stained for TOPO1 expression using IHC
(Supplemental Table 1). Fifty-seven cancer subtypes were represented. TOPO1 was
overexpressed in 51% of the tumours. TOPO1 over-expression was also present in >60% of
the patients with each of small cell lung, gastroesophageal and oesophageal, thymic, gastric,
anal, breast, prostate and poorly differentiated neuroendocrine cancers (Table 1, includes
only tumours with at least 40 specimens). TOPO1 was over-expressed in 47% of the colon
tumours. There were also several other tumour types in which a majority of patients
expressed high levels of TOPO1, but less than 40 samples were assayed (Supplemental
Table 1).

3.2. TOP2A amplification

Tumour samples from 5171 patients were assayed for TOP2A amplification using FISH
(Supplemental Table 1). Fifty-one cancer subtypes were represented. TOP2A amplification
was present in 4.0% of the tumours. Most notably, TOP2A amplification was present in 17%
of gallbladder cancers and in 12% of gastroesophageal and oesophageal cancers (Table 2).
TOP2A amplification was also present in 5.0% of invasive breast cancers.

3.3. HER2 amplification and co-amplification with topoisomerase

HERZ amplification data were analysed on 10 tumour types with the highest TOPZA
amplification (Fig. 1). Overall, 4903 patients were analysed for both 7TOP2A and HERZ2 and
129 (2.6%) had co-amplification. Of 202 patients with 7TOP2A amplification who were
analysed for HERZ, 129 (64%) had HERZ amplification; of 483 patients with HERZ
amplification who were analysed for TOP2A amplification, 129 (27%) had TOP2A
amplification (Fig. 2).

Twenty-three percent of gallbladder cancers (5 of 22 patients, all tested for TOP2A and
HERZ)had HERZ2amplification, with co-amplification of both HER2and TOP2A in 18% (n
= 4). Fifteen percent of gastro-esophageal and oesophageal cancers (10 of 65 patients, all
tested for TOP2A and HER2) had HERZ amplification, with co-amplification of both HERZ
and 7TOPZA in 7.7% (n = 5 patients). Sixty-three percent of gastroesophageal and
esophageal tumours with 7TOP2A amplification also had HER2 amplification (5 of 8
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patients), whereas 50% with H/ERZ amplification also had 7TOPZA amplification (5 of 10
patients).

4. Discussion

Topoisomerase enzymes are expressed in multiple tumour types and are potential targets for
cancer treatment. To date, the most relevant to cancer care are TOPO1 and TOP2A. TOPO1
has been extensively studied in colorectal cancer—two large retrospective studies have
suggested that high levels of TOPO1 are associated with increased survival when patients
are treated with combination chemotherapy [5], one of which specifically associated this
benefit with irinotecan-based chemotherapy [6]. Braun et a/. [5] screened 1628 patients from
the FOCUS trial for predictive bio-markers using archived tissue. Patients enrolled in this
trial had newly diagnosed metastatic colorectal cancer and were treated with either
sequential or combination chemotherapy regimens containing fluorouracil, oxaliplatin, or
irinotecan. Of the enrolled patients, 1313 were assessable for TOPO1 protein expression.
Patients with high TOPO1 expression (>50% nuclear staining) had a median survival
improvement of 5.3 months (p =0.005) when treated with combination chemotherapy
upfront compared with sequential fluorouracil. There was no benefit in patients with
moderate or low TOPO1 expression. Similarly, Kostopolous et a/. [6] studied 498 patients
who received adjuvant therapy for resected colon cancer and quantified TOPO1 protein
expression from archived tumour specimens. In multivariate analysis including treatment
with irinotecan, patients with high TOPO1 expression lived longer (HR = 0.61, 95% ClI
0.42-0.88, p = 0.009). Of the elevated TOPO1 subgroup, patients treated with an irinotecan-
containing regimen had improved survival (HR = 0.47, 95% CI 0.23-0.94, p = 0.033). The
issue remains controversial, however, as other colorectal studies have not identified a
survival correlation between irinotecan-containing therapy and TOPO1 expression [17].

TOP2A amplification has been similarly implicated as a biomarker for anthracycline
sensitivity in breast cancer. In the Danish Breast Cancer Cooperative Group trial 89D, 980
patients with resected breast cancer were randomised to nine cycles of chemotherapy with
cyclophosphamide, epirubicin, fluorouracil (CEF) versus cyclophosphamide, methotrexate,
fluorouracil (CMF). Patients with TOP2A amplification who received the anthracycline
epirubicin in the CEF arm had improved relapse-free survival compared with patients with
TOP2A amplification receiving CMF (HR 0.43, 95% CI 0.24-0.78, p =0.01) [18].
Amplification and deletion of TOP2A have both been implicated as predictive of response to
anthracyclines in retrospective studies and meta-analyses [19-21]. Though TOP2A protein
(the product of the TOPZA gene) can be assayed by IHC, FISH for TOP2A is the preferred
diagnostic modality. In a 149 patient neoadjuvant study using single-agent epirubicin,
TOPZA amplification by FISH was associated with pathological complete response (p <
0.001), but not TOP2A protein expression by IHC (p < 0.33) [9]. For patients with HERZ2
amplification receiving anthracyclines, co-amplification of 7OPZA has been associated with
improved outcomes [11-14]. These findings must be interpreted with caution, however, as
not all studies have demonstrated a correlation between 7TOPZA amplification and
anthracycline sensitivity [22], and at least one suggests that TOP2A gene expression may be
a better biomarker than amplification [23].
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As colon and breast cancers are relatively common, topoisomerase expression and its
predictive value in these cancers has been extensively studied. However, the role of
topoisomerase expression in other malignancies is less well known.

We found that TOPOL1 expression and TOP2A amplification are present in a large number of
tumour types beyond colorectal and breast cancers. Most notably, 73% of small cell lung
cancers and 62% of poorly differentiated neuroendocrine cancers overexpress TOPO1 (Table
1). These tumour types can be histologically similar and both are traditionally treated with
cisplatin/etoposide combination chemotherapy. Based on the high percentage of patients
with TOPO1 over-expression, treatment with irinotecan would be worth investigating.
Indeed, several studies have evaluated irinotecan in small cell lung cancer, both as a single-
agent and as part of a platinum doublet. As a single-agent, irinotecan has a reported response
rate of 47% in patients with relapsed or refractory disease [24]. A phase |11 study
randomising 154 newly diagnosed extensive-stage patients with small cell lung cancer to
cisplatin/irinotecan versus cisplatin/etoposide was stopped early due to a median survival
improvement of 12.8 versus 9.4 months favouring the irinotecan arm (p = 0.002) [25].

In patients with gastroesophageal and oesophageal cancers, the incidence of TOPO1
overexpression is 66% and 7TOPZA amplification is 12%. Fluorouracil/irinotecan is already
routinely used as a first-line regimen in patients with advanced disease, with a reported
median survival of 9.0 months [26]. For fit patients with advanced disease, the combination
of epirubicin, oxaliplatin, and capecitabine offers a median survival of 11.2 months [27].

TOP2A was amplified in 17% of the patients with gallbladder cancer, suggesting that there
may be a role for anthracycline chemotherapy or etoposide in this disease. The current
standard of care for advanced gallbladder cancer is gemcitabine/cisplatin with a response
rate of 38% [28], and there are data supporting the use of regimens-containing fluorouracil
and oxaliplatin as well [29]. Two small studies added epirubicin to cisplatin/fluorouracil and
cisplatin/capecitabine backbones and reported response rates of 19% and 40% respectively
in patients with advanced biliary cancers including gallbladder cancer [30,31]. Epirubicin,
oxaliplatin and capecitabine combination may be a reasonable alternative to study in patients
with 7TOP2A amplification. Considering that all gallbladder cancer patients with 7TOPZA
amplification reported in this study also have HERZ co-amplification (albeit with only a
small number of patients positive for TOP2ZA amplification that were tested for HER2
amplification; n = 4), it would be tempting to add trastuzumab to this regimen as well.
However, combining trastuzumab and an anthracycline is not routinely recommended due to
the risk of cardiotoxicity.

Sixty-four percent of patients with 7OP2A amplification also had HERZ2 co-amplification
(129 of 202 patients). This may be due to the location of both genes on chromosome 17,
though only 27% of the patients with HER2amplification also had TOP2A co-amplification
(129 of 483 patients). As HER2 can be targeted with trastuzumab, it may be reasonable to
test patients with 7OP2A amplification reflexively for HERZ amplification to identify
additional treatment options [32]. Of course, the number of patients with co-amplification is
small, and larger subsets would be needed to confirm the frequency of the co-amplification
phenomenon.

Eur J Cancer. Author manuscript; available in PMC 2017 September 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Heestand et al.

Page 7

There are several limitations to this study. While the overall number of patients is very large,
in some cancers, there were small or variable numbers of patients. In the TOPO1 IHC data
set, the number of patient samples per tumour type ranged from five samples to 4703
samples. In the TOP2A FISH data set, the number of samples per tumour type ranged from
one sample to 2540 samples. Only 7OP2A amplification was characterised, not TOP2A
deletion, and 7OPZ2A amplification results could be affected if HERZ2 overlapped on the
same amplicon. Six tumour types included in the TOPO1 IHC data set did not have
specimens available for the 7OP2A FISH assay. For tables included in this article, we
displayed only tumour types with at least 40 (Table 1) or 20 patients (Table 2 and Fig. 1).
Due to a lack of a standard methodology and threshold, discrepant results were found
between our results and other publications. Further studies including annotated data for
clinical correlations could not be performed because pertinent clinicopathologic information
was unavailable.

In summary, increased TOPOL1 expression and 7OP2A amplification are present in multiple
malignancies. Although chemotherapeutic agents are often distinguished from “targeted”
agents and are generally given to patients without biomarker selection, it is plausible that
TOPOL and TOPZA should be further investigated for their capacity to predict response. It is
also reasonable to ask if the presence of these high expression or amplification levels
correlate with sensitivity to chemotherapy not traditionally associated with specific tumour
types. Further investigation is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Funding

Funded in part by the Joan and Irwin Jacobs Fund, My Answer to Cancer philanthropic fund, and by the National
Cancer Institute, grant P30 CA016672 (Razelle Kurzrock, rkurzrock@ucsd.edu). The funding sources had no role
in the study design; the collection, analysis and interpretation of data; in the writing of the report; nor in the
decision to submit the article for publication

The authors would like to thank Sandeep Reddy (Caris Life Sciences) for his contribution to this project.

References

1. Cummings J, Smyth JF. DNA topoisomerase | and Il as targets for rational design of new anticancer
drugs. Ann Oncol. 1993; 4(7):533-43. [PubMed: 8395870]

2. Romero A, Caldes T, Diaz-Rubio E, Martin M. Topoisomerase 2 alpha: a real predictor of
anthracycline efficacy? Clin Transl Oncol. 2012; 14(3):163-8. [PubMed: 22374418]

3. Hsiang YH, Hertzberg R, Hecht S, Liu LF. Camptothecin induces protein-linked DNA breaks via
mammalian DNA topoisomerase I. J Biol Chem. 1985; 260(27):14873-8. [PubMed: 2997227]

4. Pommier Y, Leo E, Zhang H, Marchand C. DNA topoisomerases and their Poisoning by anticancer
and antibacterial drugs. Chem Biol. 2010; 17(5):421-33. [PubMed: 20534341]

5. Braun MS, Richman SD, Quirke P, Daly C, Adlard JW, Elliott F, et al. Predictive biomarkers of
chemotherapy efficacy in colorectal cancer: results from the UK MRC FOCUS trial. J Clin Oncol.
2008; 26(16):2690-8. [PubMed: 18509181]

Eur J Cancer. Author manuscript; available in PMC 2017 September 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Heestand et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Page 8

. Kostopoulos I, Karavasilis V, Karina M, Bobos M, Xiros N, Pentheroudakis G, et al. Topoisomerase

I but not thymidylate synthase is associated with improved outcome in patients with resected
colorectal cancer treated with irinotecan containing adjuvant chemotherapy. BMC Cancer. 2009;
9:339. [PubMed: 19775480]

. Maughan TS, Meade AM, Adams RA, Richman SD, Butler R, Fisher D, et al. A feasibility study

testing four hypotheses with phase Il outcomes in advanced colorectal cancer (MRC FOCUS3): a
model for randomised controlled trials in the era of personalised medicine? Br J Cancer. 2014;
110(9):2178-86. [PubMed: 24743706]

. Bartlett JM, McConkey CC, Munro AF, Desmedt C, Dunn JA, Larsimont DP, et al. Predicting

anthracycline benefit: TOP2A and CEP17-not only but also. J Clin Oncol. 2015; 33(15):1680-7.
[PubMed: 25897160]

. Desmedt C, Di Leo A, de Azambuja E, Larsimont D, Haibe-Kains B, Selleslags J, et al.

Multifactorial approach to predicting resistance to anthracyclines. J Clin Oncol. 2011; 29(12):1578-
86. [PubMed: 21422418]

. Slamon DJ, Press MF. Alterations in the TOP2A and HER2 genes: association with adjuvant
anthracycline sensitivity in human breast cancers. J Natl Cancer Inst. 2009; 101(9):615-8.
[PubMed: 19401550]

Ishikawa T, Sasaki T, Tanabe M, Narui K, Kida K, Shimada K, et al. The pathological response to
anthracycline is associated with topoisomerase Ilalpha gene amplification in the HER2 breast
cancer subset. J Surg Sci. 2014; 2(1):10-2. [PubMed: 25642443]

Press MF, Sauter G, Buyse M, Bernstein L, Guzman R, Santiago A, et al. Alteration of
topoisomerase Il-alpha gene in human breast cancer: association with responsiveness to
anthracycline-based chemotherapy. J Clin Oncol. 2011; 29(7):859-67. [PubMed: 21189395]

Tanner M, Isola J, Wiklund T, Erikstein B, Kellokumpu-Lehtinen P, Malmstrom P, et al.
Scandinavian Breast Group Trial. Topoisomerase llalpha gene amplification predicts favorable
treatment response to tailored and dose-escalated anthracycline-based adjuvant chemotherapy in
HER-2/neu-amplified breast cancer: Scandinavian Breast Group Trial 9401. J Clin Oncol. 2006;
24(16):2428-36. [PubMed: 16682728]

Wang J, Xu B, Yuan P, Zhang P, Li Q, Ma F, et al. TOP2A amplification in breast cancer is a
predictive marker of anthracycline-based neoadjuvant chemotherapy efficacy. Breast Cancer Res
Treat. 2012; 135(2):531-7. [PubMed: 22864769]

Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A, et al. Use of chemotherapy
plus a monoclonal antibody against HER2 for metastatic breast cancer that over-expresses HER2.
N Engl J Med. 2001; 344(11):783-92. [PubMed: 11248153]

Yan M, Parker BA, Schwab R, Kurzrock R. HER2 aberrations in cancer: implications for therapy.
Cancer Treat Rev. 2014; 40(6):770-80. [PubMed: 24656976]

Paradiso A, Xu J, Mangia A, Chiriatti A, Simone G, Zito A, et al. Topoisomerase-I, thymidylate
synthase primary tumour expression and clinical efficacy of 5-FU/CPT-11 chemotherapy in
advanced colorectal cancer patients. Int J Cancer. 2004; 111(2):252-8. [PubMed: 15197779]

Knoop AS, Knudsen H, Balslev E, Rasmussen BB, Overgaard J, Nielsen KV, et al. Danish Breast
Cancer Cooperative Group. Retrospective analysis of topoisomerase Ila amplifications and
deletions as predictive markers in primary breast cancer patients randomly assigned to
cyclophosphamide, methotrexate, and fluorouracil or cyclophosphamide, epirubicin, and
fluorouracil: Danish Breast Cancer Cooperative Group. J Clin Oncol. 2005; 23(30):7483-90.
[PubMed: 16234514]

Almeida D, Gerhard R, Leitao D, Davilla C, Damasceno M, Schmitt F. Topoisomerase 11-alfa gene
as a predictive marker of response to anthracyclines in breast cancer. Pathol Res Pract. 2014;
210(10):675-9. [PubMed: 25042383]

Di Leo A, Desmedt C, Bartlett JM, Piette F, Ejlertsen B, Pritchard KI, et al. Group HTAM-
aS.HER2 and TOP2A as predictive markers for anthracycline-containing chemotherapy regimens
as adjuvant treatment of breast cancer: a meta-analysis of individual patient data. Lancet Oncol.
2011; 12(12):1134-42. [PubMed: 21917518]

O’Malley FP, Chia S, Tu D, Shepherd LE, Levine MN, Bramwell VH, et al. Topoisomerase 11
alpha and responsiveness of breast cancer to adjuvant chemotherapy. J Natl Cancer Inst. 2009;
101(9):644-50. [PubMed: 19401546]

Eur J Cancer. Author manuscript; available in PMC 2017 September 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Heestand et al.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Appendix A.

Page 9

Fountzilas G, Dafni U, Bobos M, Kotoula V, Batistatou A, Xanthakis I, et al. Evaluation of the
prognostic role of centromere 17 gain and HER2/topoisomerase 1 alpha gene status and protein
expression in patients with breast cancer treated with anthracycline-containing adjuvant
chemotherapy: pooled analysis of two Hellenic Cooperative Oncology Group (HeCOG) phase Il
trials. BMC Cancer. 2013; 13:163. [PubMed: 23537287]

Brase JC, Schmidt M, Fischbach T, Sultmann H, Bojar H, Koelbl H, et al. ERBB2 and TOP2A in
breast cancer: a comprehensive analysis of gene amplification, RNA levels, and protein expression
and their influence on prognosis and prediction. Clin Cancer Res. 2010; 16(8):2391-401.
[PubMed: 20371687]

Masuda N, Fukuoka M, Kusunoki Y, Matsui K, Takifuji N, Kudoh S, et al. CPT-11: a new
derivative of camptothecin for the treatment of refractory or relapsed small-cell lung cancer. J Clin
Oncol. 1992; 10(8):1225-9. [PubMed: 1321891]

Noda K, Nishiwaki Y, Kawahara M, Negoro S, Sugiura T, Yokoyama A, et al. Japan clinical
Oncology Group. Irinotecan plus cisplatin compared with etoposide plus cisplatin for extensive
small-cell lung cancer. N Engl J Med. 2002; 346(2):85-91. [PubMed: 11784874]

Dank M, Zaluski J, Barone C, Valvere V, Yalcin S, Peschel C, et al. Randomized phase Il study
comparing irinotecan combined with 5-fluorouracil and folinic acid to cisplatin combined with 5-
fluorouracil in chemotherapy naive patients with advanced adenocarcinoma of the stomach or
esophagogastric junction. Ann Oncol. 2008; 19(8):1450-7. [PubMed: 18558665]

Cunningham D, Starling N, Rao S, Iveson T, Nicolson M, Coxon F, et al. Upper Gastrointestinal
Clinical Studies Group of the National Cancer Research Institute of the United Kingdom.
Capecitabine and oxaliplatin for advanced esophagogastric cancer. N Engl J Med. 2008; 358(1):
36-46. [PubMed: 18172173]

Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, Maraveyas A, et al. Cisplatin plus
gemcitabine versus gemcitabine for biliary tract cancer. N Engl J Med. 2010; 362(14):1273-81.
[PubMed: 20375404]

Nehls O, Oettle H, Hartmann JT, Hofheinz RD, Hass HG, Horger MS, et al. Capecitabine plus
oxaliplatin as first-line treatment in patients with advanced biliary system adenocarcinoma: a
prospective multicentre phase I trial. Br J Cancer. 2008; 98(2):309-15. [PubMed: 18182984]
Park SH, Park YH, Lee JN, Bang SM, Cho EK, Shin DB, et al. Phase |1 study of epirubicin,
cisplatin, and capecitabine for advanced biliary tract adenocarcinoma. Cancer. 2006; 106(2):361—
5. [PubMed: 16342166]

Rao S, Cunningham D, Hawkins RE, Hill ME, Smith D, Daniel F, et al. Phase 111 study of 5FU,
etoposide and leucovorin (FELV) compared to epirubicin, cisplatin and 5FU (ECF) in previously
untreated patients with advanced biliary cancer. Br J Cancer. 2005; 92(9):1650-4. [PubMed:
15856037]

Yan M, Schwaederle M, Arguello D, Millis SZ, Gatalica Z, Kurzrock R. HER2 expression status in
diverse cancers: review of results from 37,992 patients. Cancer Metastasis Rev. 2015; 34(1):157—
64. [PubMed: 25712293]

Supplementary data

Supplementary data related to this article can be found at http://dx.doi.org/10.1016/j.ejca.
2017.06.019.

Eur J Cancer. Author manuscript; available in PMC 2017 September 26.


http://dx.doi.org/10.1016/j.ejca.2017.06.019
http://dx.doi.org/10.1016/j.ejca.2017.06.019

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Heestand et al.

Invasive breast cancer

Epithelial ovarian cancer

Colon cancer

Pancreatic carcinoma

Gastroesophageal and
oesophageal cancers

Head and neck cancer

Gastric cancer

Bladder cancer

Uterine sarcoma

Gallbladder cancer

[ I ] I

0% 5% 10% 15% 20% 25%

® % TOP2A amplified
8% HER2 amplified
0% Co-amplified

Fig. 1.
TOPZA and HERZ2 amplification by FISH/CISH*.

Page 10

*Only malignancies with at least 20 patient samples are reported. Only patients who were

tested for both TOP2A and HERZ amplification were included.
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Fig. 2.

Percent TOP2A and percent HERZ co-amplified by FISH/CISH*.
*Only malignancies with at least 5 patient samples that exhibit 70224 amplification are

reported.
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Table 1

TOPOL overexpression by IHC in 23,586 patients with diverse malignancies.?

Overexpressed Total Percent
Small cell lung cancer 143 195 73.3%
Gastroesophageal and oesophageal cancers 266 401 66.3%
Thymoma and thymic cancer 35 54 64.8%
Gastric cancer 208 322 64.6%
Anal carcinoma 68 106 64.2%
Invasive breast cancer 1976 3119 63.4%
Prostate cancer 141 226 62.4%
Poorly differentiated neuroendocrine tumour 116 187 62.0%
Malignant pleural mesothelioma 50 84 59.5%
Occult primary 447 752 59.4%
Extrahepatic cholangiocarcinoma 26 45 57.8%
Cervical cancer 221 385 57.4%
Osteosarcoma and dedifferentiated chondrosarcoma 32 56 57.1%
Rectal cancer 187 331 56.5%
Intrahepatic cholangiocarcinoma 123 220 55.9%
Bladder cancer 164 294 55.8%
Anaplastic gliomas and glioblastoma multiforme 278 514 54.1%
Ovarian sex-cord and stromal tumours 79 150 52.7%
Non-small cell lung cancer 1360 2587  52.6%
Pancreatic carcinoma 600 1155  51.9%
Bladder cancer: upper genitourinary tract 48 94 51.1%
Head and neck cancer 173 339 51.0%
Adult low-grade infiltrative astrocytoma and oligodendroglioma 31 61 50.8%
Gallbladder cancer 60 120 50.0%
Basal cell and squamous cell cancer 37 78 47.4%
Colon cancer 1067 2258  47.3%

a . L . . L ]
The 26 malignancies with the highest percentage of overexpression are represented. Overexpression is defined as 2+ by IHC and only
malignancies with at least 40 patient samples are reported. See Supplemental Table 1 for full list.
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Table 2

TOPZA amplification by FISH in 5171 patients with diverse malignancies.?

Malignancy type Amplified Total Percent
Gallbladder cancer 4 23 17.4%
Gastroesophageal and oesophageal cancers 8 68 11.8%
Bladder cancer 3 49 6.1%
Invasive breast cancer 126 2540 5.0%
Epithelial ovarian cancer 23 510 4.5%
Uterine sarcoma 2 46 4.3%
Gastric cancer 2 50 4.0%
Colon cancer 11 277 4.0%
Pancreatic carcinoma 8 209 3.8%
Head and neck cancer 2 55 3.6%
Non-small cell lung cancer 9 314 2.9%
Rectal cancer 1 37 2.7%
Occult primary 2 101 2.0%
Endometrial carcinoma 4 232 1.7%
Cervical cancer 1 60 1.7%
Anaplastic gliomas and glioblastoma multiforme 1 79 1.3%
Melanoma 0 75 0.0%
Carcinoid tumour 0 48 0.0%
Poorly differentiated neuroendocrine tumour 0 37 0.0%
Prostate cancer 0 36 0.0%

Page 13

aThe 20 malignancies with the highest percentage of 7OP2A amplification are represented. Only malignancies with at least 20 patient samples are

reported. See Supplemental Table 1 for full list.
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