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Abstract

In men with advanced penile squamous cell carcinoma receiving first-line chemotherapy, visceral 

metastases (VM) and Eastern Cooperative Oncology Group performance status ≥1 are poor 

prognostic factors for overall survival (OS). We hypothesized that tumor gene expression profiling 

may enhance prognostic stratification and identify potential therapeutic targets. In this 

retrospective study, RNA extracted from macrodissected tumors underwent profiling for the 

expression of 738 genes using NanoString. Univariate and multivariate analyses assessed the 

association of genes, VM, and performance status with OS. Tumors were available from 25 men 

who received first-line cisplatin-based chemotherapy. In univariate analysis, upregulated MAML2 
(p = 0.004), KITLG (p ≤ 0.0001), and JAK1 (p = 0.029) genes were associated with poor OS, and 

upregulated FANCA was associated with better OS (p = 0.024). In stepwise multivariate analyses, 

VM (hazard ratio = 12.75, p = 0.0001) and MAML2 (hazard ratio = 10.411, p = 0.003) were 

associated with poor OS. The presence of none, one, and both of these poor risk factors was 

associated with significantly different median OS of 18.4 mo, 7.2 mo, and 2.1 mo, respectively. 

Unsupervised clustering demonstrated two major molecular subtypes with trend for different 

survivals (p = 0.052). Validation of results is necessary.

Patient summary

The expression of the MAML2 gene in penile cancers from men receiving first-line cisplatin-

based chemotherapy predicted overall survival independent of clinical factors.

Keywords

Penile squamous cell carcinoma; Advanced; Cisplatin; Prognosis; Gene expression

Penile squamous cell carcinoma (PSCC) is an orphan disease in developed countries, 

although higher incidences are observed in less developed countries [1]. Unresectable and 

metastatic PSCC exhibits dismal outcomes using cisplatin-based combination chemotherapy 

[2]. A retrospective analysis of 140 patients with PSCC receiving first-line systemic therapy 

identified two prognostic factors: (1) visceral metastasis (VM), and (2) Eastern Cooperative 

Oncology Group (ECOG)-performance status (PS) ≥1 [3]. The incorporation of molecular 

panels may be hypothesized to enhance its prognostic ability.

Gene expressing profiling performed employing the NanoString technology appears 

promising and provides robust data even from formalin-fixed paraffin embedded tissue [4]. 

Multiple studies in other malignancies have utilized NanoString to subtype tumors, 

formulate prognostic signatures, or discover therapeutic targets. We performed tumor tissue 

NanoString analysis for a relevant panel of cancer promoting genes of patients with 

unresectable or metastatic PSCC receiving first-line cisplatin-based chemotherapy to 

identify a prognostic gene expression signature after controlling for VM and PS.

Patients with locally advanced unresectable primary tumor or regional bulky or fixed lymph 

nodes or metastatic PSCC who received first-line cisplatin-based systemic chemotherapy 

were identified. Baseline formalin-fixed paraffin embedded primary tumor tissue was 

required from a biopsy in addition to survival data, ECOG-PS, clinical stage, and sites of 
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metastases. The study was approved by the Institutional Review Board at the University of 

Alabama, Birmingham (UAB).

The tissue underwent central pathology review at UAB and histologic macrodissection to 

separate tumor from benign tissue. RNA was harvested using the Qiagen RNAeasy kit 

(Qiagen, Valencia, CA, USA) and the quality of RNA was confirmed via the 260/280 ratio 

using nanodrop before inputting RNA to the nCounter NanoString platform (NanoString, 

Seattle, WA, USA). The nCounter GX PanCancer kit (NanoString) assays the gene 

expression of 730 cancer-related genes and 40 housekeeping genes (Supplementary Table 1; 

http://www.nanostring.com/products/gene_expression_panels) without the need for 

amplification of ≥100 ng of RNA and utilizes digital counting employing two ~50 

hybridizing base probes per messenger RNA. Immunohistochemistry (IHC) studies were 

performed on tumor tissue to evaluate the expression of selected corresponding proteins for 

major overexpressed genes considered potentially actionable.

Individual patient level data were combined and patient, disease, and outcome characteristics 

summarized using descriptive statistics. Overall survival (OS) was calculated using the 

Kaplan-Meier method. A gene list was created by hierarchical clustering supervised for OS 

after false discovery p value correction [5]. For this analysis, nSolver text files (.csv) and 

NanoString.rcc files were imported into Partek Genomic Suite 6.6 (PGS, Saint Louis, MO, 

USA), and differential expressions were determined by analysis of variance. Cox 

proportional hazards regression analysis was conducted to examine the prognostic impact of 

VM, PS, and gene expression as continuous variables on OS. Also, unsupervised gene 

expression clustering was performed to identify major subtypes after importing gene 

expression to R package ConsensusClusterPlus (Bioconductor, Santa Cruz, CA, USA) to 

derive consensus-based clusters [6,7]. Genes and pathways differentially expressed between 

two clusters were identified [8,9]. All tests were two-sided and p ≤0.05 was considered 

statistically significant.

Patient data for 25 patients with PSCC treated between 2000 and 2012 with first-line 

cisplatin-based chemotherapy was captured (Supplementary Fig. 1) from Fondazione IRCCS 

Istituto Nazionale dei Tumori, Italy (n = 14 [56%]) and the British Columbia Cancer 

Agency, Vancouver, Canada (n = 11 [44%]). Correlative tumor studies were conducted at 

UAB Comprehensive Cancer Center. The median age was 60.5 yr (range, 47–76 yr). All 

patients had Stage 4 disease except for one patient who had Stage 3 disease. All of the 25 

patients contributed to death events and no one was censored, which yielded a median OS of 

7.4 mo (range, 1.8–48.4 mo). The ECOG-PS was 0 in 14 (56%) and ≥1 in 11 (44%) patients, 

and eight (32%) patients had visceral disease. In univariate analyses evaluating genes and 

supervised for association with OS, upregulated mastermind-like protein (MAML)-2 (p = 

0.004), KIT-ligand (KITLG, p ≤ 0.0001), and JAK1 (p = 0.029) were associated with poor 

survival, and upregulated FANCA was associated with better OS (p = 0.024; Table 1, 

Supplementary Figs. 2 and 3). High BRCA1 gene expression exhibited a positive trend for 

association with OS (p = 0.088) and p16, a surrogate for human papilloma virus, was not 

associated with OS. In the multivariate analysis, stepwise selection approach was used to 

select the best two variable combinations. VM (hazard ratio [HR] = 12.75, 95% confidence 

interval [CI] = 3.438–47.282, p = 0.0001) and MAML2 (HR = 10.411, 95% CI = 2.967–
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36.539, p = 0.003) were significantly associated with poor OS. The presence of none, one, 

and both of these poor risk factors (VM present and MAML2 ≥ median) was associated with 

a median OS of 18.4 mo, 7.1 mo, and 2.1 mo, respectively (Fig. 1); the HR for one versus no 

factor was 9.870 (95% CI: 2.168–44.937, p = 0.003), the HR for two versus no factors was 

136.182 (95% CI: 13.325–1391.797, p < 0.0001), and the HR for both versus one factor was 

13.797 (95% CI: 2.228–85.449, p = 0.0048).

KITLG and JAK1 were selected for IHC based on their relevance as potentially actionable 

molecules and drugs available in the clinic to inhibit these pathways. IHC for KITLG was 

performed using Anti-KITLG EP665Y (Rabbit mAb, #TA300957, Origene, Rockville, MD, 

USA) and for JAK1 performed using Jak1 (6G4 Rabbit mAb, #3344, Cell Signaling 

Technology, Danvers, MA, USA) with overall scoring accounting for intensity of expression 

and percentage of cells showing expression (Supplementary Fig. 4). Following antigen 

unmasking using citrate buffer and following manufacturers protocol in 10 evaluable tumor 

samples, which showed a significant positive correlation between JAK1 gene expression and 

corresponding protein expression by IHC (Spearman’s rho = 0.66; p = 0.04), and a trend for 

KITLG gene expression and KITLG protein IHC expression (Spearman’s rho = 0.59; p = 

0.074).

Unsupervised hierarchical clustering demonstrated two major clusters. Cluster 1 (16 patients 

[64%], three with VM) was characterized by the overexpression of the following pathways: 

Janus kinase/signal transducers and activators of transcription (JAK/STAT), mitogen-

activated protein kinases (MAPK), gonadotropin-releasing hormone, hedgehog, and T-cell 

receptor signaling. Cluster 2 (nine patients [36%], five with VM) was characterized by 

MAPK, cell cycle, and focal adhesion signaling pathways. Cluster 1 exhibited a trend for 

improved OS compared with Cluster 2 (median OS = not reached vs 6.8 mo, p = 0.052; 

Supplementary Fig. 5).

The study is limited by the modest sample size. We focused on a homogeneous cohort of 

patients with locally advanced unresectable or metastatic disease receiving cisplatin-based 

chemotherapy. A larger and more heterogeneous cohort may have been considered, although 

the relative advantages of these strategies are unclear. This study is the first to describe a 

prognostic model incorporating both clinical and molecular factors for patients receiving 

first-line cisplatin-based systemic chemotherapy for locally advanced or advanced PSCC. 

Moreover, two major molecular clusters were demonstrated. The combination of one clinical 

factor, VM, and one molecular factor, tumor tissue MAML2 gene overexpression, was 

significantly associated with poor OS. In addition, KITLG, JAK1, and MAML2 may also 

warrant evaluation as therapeutic targets. KITLG binds the KIT membrane receptor, which 

activates downstream signaling through the PI3K, MAPK, and STAT pathways. JAK1 is a 

nonreceptor kinase, which signals downstream through STAT. MAML2 binds to the Notch 

receptors at intracellular and transcriptional activation domains. Indeed, agents targeting 

these molecules are already approved for other indications, for example, imatinib, sunitinib, 

regorafenib, and other kinase inhibitors inhibit KIT and ruxolitinib inhibits JAK1. NOTCH 

inhibitors are undergoing early phase 1 clinical investigation, but are not yet approved for 

clinical use. Other studies have preliminarily reported somatic gene alterations in EGFR, 
PIK3CA, NOTCH1, CDKN2A, CCND1, and BRCA2, but did not construct a prognostic 
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model [10,11]. Unfortunately, there are no preclinical PSCC systems to validate these 

molecules as therapeutically actionable. Hence, validation of our data in a larger sample in 

conjunction with clinical trials targeting these molecules is justified. Despite the limitations 

of a small sample size, the present study is invaluable in improving our understanding of 

biology and management of this rare disease with substantial unmet needs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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In men with advanced penile squamous cell carcinoma receiving first-line cisplatin-based 

chemotherapy, visceral metastases and tumor tissue MAML2 gene expression were 

independently associated with poor overall survival. KITLG, JAK1, and MAML2 may 

also warrant evaluation as therapeutic targets.
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Fig. 1. 
Overall survival (OS) based on visceral metastasis and/or gene expression of MAML2, or 

neither.

The presence of 0, 1, and both factors (visceral metastases and MAML2 gene expression ≥ 

median) was associated with a median overall survival of 18.4 mo, 7.1 mo, and 2.1 mo, 

respectively.
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