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Introduction

Metastatic melanoma is a highly aggressive malignancy 

systems with numerous metastatic lesions. -

-

1
-

stantial challenges for accurate assessment of total tumor 

based response evaluation. Conventional response assess-

-

has led to a paradigm shift in oncology and has profoundly 
altered the therapeutic landscape of advanced melanoma 

immune checkpoint pathways have resulted in unprece-

metastatic melanoma and are now considered standard of 
6 -

therapy are often heterogeneous and associated with atypi-

well as the occurrence of immune-related adverse events 

integrated measures of global metabolic tumor burden and 

patterns observed during immunotherapy. Previous studies 
have demonstrated that baseline and longitudinal MTV and 

these parameters remains limited by the labor-intensive and 
-

larly in patients with high tumor burden and multiple metas-

available software solutions.

enabled the development of automated and semi-automated 
tools for lesion detection and segmentation on whole-body 

-

-
noma has previously been introduced and technically vali-

the incorporation of semantic and three-dimensional posi-

-

provide meaningful prognostic information in the setting of 
immunotherapy.

automated tool for longitudinal whole-body TMTV and 

CT scans in patients with metastatic melanoma undergoing 
-

Materials and methods

Patients

-
tive analysis of a prospectively conducted study. A subset of 

-
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-
bination immunotherapy consisted of an induction phase 

Patients had not received chemotherapy for at least one 

the patients had a history of diabetes mellitus. All patients 
provided written informed consent for study participation 
and for the use of their medical data. The study protocol 

[18F]FDG PET/CT data acquisition

-

-

three-dimensional mode.

[18F]FDG PET/CT data analysis

Automated PET/CT data analysis and quantification

survival outcomes. Tumor segmentation is performed using 

an unsupervised ensemble-based segmentation algorithm is 

-

generated by the automated pipeline were reviewed and cor-

after which the corresponding quantitative metrics were 
calculated.

regions is obtained by ensembling three complementary 

these three outputs into a single consensus segmentation 

lesions from physiological uptake. The complete pipeline 
1

delineating true tumor lesions.
The representation learning framework generates embed-

dings that capture tumor-related characteristics using a 

these representations. The main building blocks of the 

 
-
-

gate class imbalance and reduce inter-class similarity.
 -

-
mation into the semantic representation. The resulting 

 
-

components of its loss function.

-
mated mask containing only tumor lesions is produced. 
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-

Application of metabolic response criteria

-

to immunotherapy was performed according to the follow-

 

 

 

 

 

-

Statistical analysis

were log-transformed as their distributions were found to 

Meier estimates were generated and median survival times 
were estimated. Median follow-up time was estimated by 

-

to investigate association between survival time of patients 
and multiple predictors simultaneously. A time-dependent 

-

only one was included at a time in the model. Statistical 

survival prodlim -

-

Results

Patient cohort

1. 

-

had received at least one prior line of systemic treatment. 
-

of nivolumab and ipilimumab. The mean baseline lactate 

-

Automated [18F]FDG PET/CT quantification

-
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1 and .
-

-

-

-
-

A-

-

-
-

-

Application of metabolic response criteria

Metabolic response to immunotherapy was evaluated 

6

 and 

Table 1

Patient characteristics Value
n

 Male

 Yes

 Yes

 Yes

 M1a
 M1b
 M1c
 M1d

 1

LDH, IQR, ICI, immune 
TMTV, TLG, 

total lesion glycolysis

Table 2

Parameter
Mean (SD) Median Mean (SD) Median Mean (SD) Median

TMTV, TLG, total lesion glycolysis
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Discussion

-

tumor burden metrics in patients with metastatic melanoma 

-
nations supported by a predominantly automated segmenta-

-

overall survival.

-
duced challenges for imaging-based treatment evaluation. 

-
ventional response criteria that focus on a limited number 

-
noma makes precise tumor delineation labor-intensive and 

tumor burden and reliable imaging-based response evalua-

showed strong prognostic associations when assessed lon-

Fig. 1
-

metabolic criteria
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-
-

-

This temporal pattern suggests that dynamic changes in 
metabolic tumor burden under treatment may carry greater 

conceivable that early metabolic adaptations to immuno-

immune competence. This remains notable despite the well-

1 -

-

Table 3 -

Overall survival
PET 
parameters

HR (95% CI) p-value

Baseline PET

HR, 95% CI, TMTV, total 
TLG, total lesion glycolysis

Fig. 2
-
-

on all applied metabolic criteria
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1

analysis for treatment response prediction and survival 
prognostication in melanoma patients undergoing immu-

-

automated deep learning algorithm for lesion detection and 

high predictive performance using machine-learning mod-

-
-

-

-

An important strength of our approach is the use of a 

1

-

The two-step framework integrating advanced image pro-

-
-

tionally long follow-up period of our cohort strengthens the 
reliability of survival analyses.

-
-

isolation but rather as complementary components of a mul-
-

-
-

-

accurately assessing treatment response under immuno-

meaningful changes that may be overlooked by pre-

on metabolic changes in a limited number of target lesions 
or the appearance of a single new lesion as a criterion for 
metabolic progression.

Table 4
log-rank testing
Parameter Baseline PET/CT Interim PET/CT Late PET/CT

Median OS [95% CI] p value Median OS [95% CI] p value Median OS [95% CI] p value
TMTV

 > median
TLG

 > median
TMTV, TLG, OS, overall survival
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Fig. 3
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Several limitations of this study should be acknowledged. 

-

-

-
-

Table 5

Parameters
Overall survival

HR (95% CI) p-value HR (95% CI) p-value
Baseline PET

TMTV, TLG, HR, 95% CI, AJCC, -
ECOG, LDH, lactate dehydrogenase

Table 6

EORTC PERCIST PERCIMT imPERCIST5 iPERCIST

SMD
PMD

SMD
PMD
EORTC, PERCIST, PERCIMT, 

imPERCIST5, iPERCIST,
CMR, PMR, SMD, PMD, progressive metabolic disease



1 3

European Journal of Nuclear Medicine and Molecular Imaging

segmentation improves reproducibility and reduces observer 

-

focused on volumetric parameters to maintain clinical inter-

may provide additional prognostic value and warrants future 
-
-

validation through survival outcomes.

Conclusion

clinically meaningful biomarkers in metastatic melanoma 

during immunotherapy independently predict poorer 

precision oncology and highlight the importance of 
longitudinal metabolic tumor burden assessment in the 

Fig.  4
-

The numbers of patients at risk in each group and for the respective 
-
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