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Aim
To quantify signal transduction pathway (STP) and pSMAD2 activity in 
advanced melanoma and to characterize their predictive and 
prognostic role in treatment with immunotherapy.

Background
 Immunotherapy is highly effective in patients with metastatic 

melanoma, significanlty proloning progression-free survival (PFS) 
and overall survival (OS). 

 However, a significant number of patients do not respond to 
treatment with immunotherapy.   

 Unambiguous biomarkers predicting response to immunoterhapy 
are lacking.

 Specific features of the tumor microenvironment (TME) such as 
elevated TGF-β levels might be critical determinants of 
recurrence and metastasis.

 TGF-β pathway activity is hypothesized to prevent T-cells to 
enter the tumor and leading to immune escape.

Conclusions

 No correlation between TGF-β—
whether determined by signal
transduction pathway scores or by
pSMAD2 IHC assessment—with
treatment response to 
immunotherapy, PFS, and OS; in 
both primary tumor samples and 
metastatic tumor samples. 

 Increased Hedgehog activity in 
metastatic tumor samples, but not
in primary tumor samples, might
be related to a decreased 
response and worse PFS from 
immunotherapy. 
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Method
 34 patients with metastatic melanoma, first line treatment with 

Nivolumab or Pembrolizumab. 
 Metastatic tumor tissue (n=34) and paired primary tumor tissue 

(n=31) obtained before treatment with immunotherapy.
 Responders (n=15; partial or complete response) and non-

responders (n=19; progression within 6 months).
 OncoSIGNal pathway activity profiling RT-qPCR test (InnoSIGN) to 

measure the activity of 8 different STPs (TGF-β, Hedgehog (HH), 
AR, PI3K, MAPK, Notch, NFkB and JAK-STAT1/2), expressed on 
scale of 0-100.

 STP activity will be correlated to treatment response, PFS, OS.
 Immunohistochemistry (IHC) staining investigating pSMAD2 

expression (hallmark protein TGF-β pathway) by means of anti-
pSMAD2 antibody (1:50, clone 138D4, #3108, Cell Signaling 
Technology). Correlated to response, PFS, and OS.  

 pSMAD 2 IHC staining scored based on percentage of nuclei 
stained, and intensity. 

Table 1: Mean STP scores measured in primary and metastatic melanoma tumor 
tissue for Responders and Non-Responders to immunotherapy. AR; Androgen 
Receptor, HH; Hedgehog. T-test were used to compare means. 
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Figure 2: Nuclear immunohistochemical staining investigating pSMAD2 expression on 
melanoma tumor tissue. Samples were scored based on intensity and percentage of 
cells stained postive (A) or negative (B).

Figure 3: Bar chart reflecting the percentage of positive and negative IHC stained tumor 
samples for responders and non-responders. Primary tumor tissue (A) and metastatic 
tumor tissue samples (B) were stained. Fisher exact test was used. 

Figure 4: Kaplan-Meier estimate and log-rank test reflecting PFS in weeks 
comparing metastatic tumor samples with a Hedgehog STP score ≥ 46 (n=7) 
vs <46 (n=27).

Predictive and prognostic role of STP scores on treatment response
 Multivariable logistic regression analysis showed Hedgehog (HH) STP 

activation in metastatic tumor samples as the sole (negative) predictor 
associated with response (OR 0.884 (95% CI 0.789-0.990), p=0.033). 

 Multivariate cox-regression analysis showed HH STP in metastatic tumor 
samples as the sole predictor associated with PFS (HR 1.077 (95%CI 1.016-
1.141), p=0.012).

 Logistic- and cox-regression analysis revealed no significant differences 
based on TGF-β STP scores for response, PFS, and OS in primary and 
metastatic tumor samples.

 Logistic- and cox-regression analysis revealed no significant differences 
based on all STP scores in primary tumor samples regarding response, PFS, 
and OS for all investigated pathways.
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Figure 1: Box plots reflecting the individual STP scores in metastatic tumor samples 
comparing responders (n = 15) and non-responders (n = 19). T-tests were used to 
compare means. 
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