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Summary:

Clinical data with enfortumab vedotin suggests that most bladder cancers overexpress NECTIN-4. 

A recent article shows that NECTIN-4 membranous expression changes with progression to 

metastatic disease and that low NECTIN-4 expression in metastatic biopsies is potentially 

associated with EV resistance. These data argue for incorporation of NECTIN-4 expression into 

future biomarker strategies.

In this issue of Clinical Cancer Research, Klümper and colleagues (1) quantified NECTIN-4 

expression from paired primary and metastatic urothelial cancer biopsies to understand 

changes in NECTIN-4 expression with tumor evolution and potential association with 

resistance to the antibody drug conjugate (ADC) enfortumab vedotin (EV). The authors 

show that NECTIN-4 expression can be dynamic with progression from primary to 

metastatic tumor sites, with loss of NECTIN-4 expression in some metastatic samples. 

Further, they demonstrate that metastatic tumor samples with low NECTIN-4 expression are 

associated with shorter progression free survival among patients treated with EV, suggesting 

that NECTIN-4 expression could be further explored prospectively as a biomarker.

First, the study highlights the importance of tumor heterogeneity in matched primary/

metastatic samples. The discordance between primary and metastatic urothelial tumors has 

been recently characterized by Clinton et al, who found early branched evolution and 

lesion-to-lesion genomic heterogeneity between primary and metastatic sites, and 23% 

discordance in actionable genomic alterations (2). Thus, immunohistochemistry (IHC) of 

primary tumor specimens may not predict target expression at metastatic sites, particularly 

among patients who progress after multiple lines of therapy. Although the precise function 
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of NECTIN-4 in urothelial cancer remains undefined, the NECTIN family of cell surface 

proteins appear to be involved in cell-cell adhesion (3,4). Downregulation of NECTIN-4 

may result in loss of cell polarity, which may promote or be associated with metastatic 

spread. Although this remains a hypothesis, the findings by Klümper et al suggest a 

possible underlying mechanism of loss of nectin-4 expression at metastatic progression. The 

expression patterns of NECTIN-4 presented in this study are discordant with the relatively 

high NECTIN-4 H-scores noted with clinical samples in the EV-101 (5) and EV-201 (6) 

trials. The somewhat lower prevalence in metastatic samples in the current study may 

reflect differences in sensitivity and specificity of IHC antibody clone used, where a highly 

sensitive IHC antibody as used in clinical trials of EV-101 and 102 might overestimate 

NECTIN-4 expression. Alternatively, this discordance may reflect greater heterogeneity in 

clinical biopsies relative to preclinical models. Indeed, expression of NECTIN-4 in cell lines 

and patient- and cell-derived xenografts has previously been reported with less ubiquitous 

expression of NECTIN-4 noted in bladder cancer preclinical models (7,8).

Multiple mechanisms of primary resistance to ADCs and tumor plasticity likely exist. 

A recent study of metastatic biopsies in 3 patients who progressed on EV demonstrated 

that NECTIN-4 membrane protein expression remained high despite disease progression, 

suggesting that other resistance mechanisms may be important (9). Interruption of 

endosomal trafficking, epitope mutations, and payload drug efflux pumps have all been 

described as possible resistance mechanisms to ADCs as well (10,11). Furthermore, 

treatment with neoadjuvant chemotherapy has been shown to drive a chemorefractory 

“luminal” phenotype (12), which remains enriched in NECTIN-4 (8). Whether these tumors 

can be more sensitive to subsequent EV remains hypothetical, but points to the importance 

of tumor plasticity and, potentially, to treatment order.

In this study, NECTIN-4 expression changed with progression to metastatic disease, with 

some tumors losing NECTIN-4 expression and other increasing expression at metastatic 

progression (Fig 1A). This new finding suggests that decreased NECTIN-4 expression 

may be associated with primary resistance and may identify patients more likely to 

require combination therapy approaches. Low expression of NECTIN-4 in primary tumor 

samples in this study was concordant with prior retrospective data showing that NECTIN-4 

expression was absent in 17% of primary tumors. Klümper et al show that upon progression 

to metastatic disease, NECTIN-4 expression levels decrease in 59.1% of cases (Figure 

1A) This novel finding suggests that NECTIN-4 expression is dynamic with progression 

of disease, and that antigen escape (loss) may be one potential mechanism for primary 

resistance.

The authors suggest that NECTIN-4 expression by IHC should be used to select patients 

for treatment with EV. For this to occur, prospective evaluation is needed. Furthermore, 

NECTIN-4 expression alone, however, may not completely identify the universe of patients 

who may benefit from EV therapy. Like PD-L1 expression by IHC, NECTIN-4 is potentially 

a dynamic biomarker subject to intralesional heterogeneity and temporal expression changes 

that may not be adequately captured by IHC from a single biopsy. As noted by the authors, 

NECTIN-4 directed PET imaging may be able to overcome this limitation inherent to 

IHC (13). It is possible that some NECTIN-4 low tumors by IHC are still EV responsive, 
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and there has not yet been a defined minimum threshold of NECTIN-4 expression that is 

required to induce a treatment response. Perhaps most important, low expressing NECTIN-4 

tumors might still respond to enfortumab vedotin alone or in combination therapies through 

bystander killing, whereby ADC mediated killing on neighboring stromal cells eliminates 

NECTIN-4 low tumor cells through either passive drug diffusion, or release of damage 

associated molecular patterns that promote immunogenic cell death (Fig 1B). It also remains 

unknown whether cytoplasmic or membranous localization of NECTIN-4 plays a significant 

role in treatment response.

Capturing the universe of patients who may benefit from EV therapy may require 

transcription-based biomarker approaches to identify treatment responsive tumors. For 

example, specific transcriptional signatures may capture tumors with low levels of 

NECTIN-4 expression by IHC that are still able to respond to enfortumab vedotin. 

Preclinical studies demonstrate an association between luminal transcriptional signatures 

and response to EV [7], and these and other immune based transcriptional signatures (14,15) 

warrant further investigation as potential biomarkers of treatment response.

These data have direct implications for future biomarker development strategies and clinical 

use of ADC s. As ADCs and other targeted therapies emerge as options across disease 

states, (16) a growing understanding of the association of NECTIN-4 baseline expression 

and treatment resistance will be key to patient selection. While this retrospective analysis 

suggests that lower baseline NECTIN-4 expression is associated with shorter progression 

free survival, these findings need to be validated in larger prospective studies. There is 

also the potential to combine NECTIN-4 expression with other composite biomarkers 

that may predict response to EV monotherapy or combination therapy incorporating 

other intratumoral factors including tumor mutational burden (17), PD-L1 expression, 

FGFR3 mutations, or HER2 expression status. From a therapeutic standpoint, combinatorial 

therapies may be able to “rescue” treatment responses in NECTIN-4 low tumors, as 

is suggested by encouraging data with enfortumab vedotin with the anti-PD-1 antibody 

pembrolizumab. The emerging data from EV-103 cohort A and cohort K suggests that 

combining enfortumab vedotin with pembrolizumab may have a synergistic effect, and the 

immune microenvironment may be a critical component of sensitivity and/or resistance to 

treatment (18). In the EV-103 cohort A study, responses with combination therapy were 

noted independent of PD-L1 expression with activity noted in NECTIN-4 low tumors 

(5/12 patients with H-score < 150 with CR/PR) (19). We are simply “scratching the 

surface” of predictive biomarkers for ADC therapy, and the data presented by Klümper 

and colleagues suggest that low NECTIN-4 expression may be associated with treatment 

resistance and argue for further evaluation of NECTIN-4 expression by IHC in future 

biomarker development approaches.
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Figure 1. 
Nectin-4 Cell Surface Expression Changes With Progression to Metastatic Disease. A) 

Quantification of nectin-4 expression in primary tumor samples by Klümper et al. (1) 

showed that 80.3% of primary tumors express detectable nectin-4. In paired metastatic 

biopsies, most tumors decrease nectin04 expression by H-Score (59.1%), while others 

increase nectin-4 expression (19.0%). Quantification of nectin-4 in metastatic biopsies by 

quartile is shown (Fig 1A, bottom). B) Nectin-4 expression permits binding of enfortumab 

vedotin and deliver of a Monomethyl auristatin E (MMAE) payload (left). Stromal cell 
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expression of nectin-4 may permit bystander killing of nectin-4 negative tumors cells (right). 

(Image created with BioRender.com.)
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