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Introduction

Today, mass spectrometry imaging is being used rigorously in human
tissue research in various areas of applications with formalin-fixed and
paraffin-embedded (FFPE) human biopsies receiving increasing attention.
Being so, many tissue preparation workflows and protocols have been
proposed and several spectral quality scores have been developed to
monitor and evaluate these preparation protocols, nonetheless the
important notion of reproducibility of the generated data is often

overlooked which potentially undermines the possibility of standardized
application of MALDI MSI in clinical routine specially when it comes to the
complex process of FFPE human tissues preparation for mass
spectrometry imaging. In this study, we sought to propose several scores
for evaluation of homogeneity of on-slide tissue processing under MALDI
MSI analysis as well as for quantification of inter-day repeatability and
reproducibility that are both easy to compute and devoid of user bias.

Method 1 2 3 4 5

𝑀𝐴𝐷 replicate 1 16.26 4.83 16.14 19.78 16.56

𝑀𝐴𝐷 replicate 2 10.16 35.34 13.64 9.30 23.11

𝑀𝐴𝐷 replicate 3 8.96 7.47 13.57 17.55 18.70

𝑀𝐴𝐷 mean 11.79 15.88 14.45 15.54 19.46

𝑀𝐴𝐷 stdev 3.91 16.90 1.47 5.52 3.34

𝐽𝑜𝑣𝑒𝑟𝑙𝑎𝑝 × 1017 0.26 30.49 34.72 1.48 21.67

II.  Pixel-wise, intra- and inter-replicate comparisons for the evaluation of tissue 
processing homogeneity and method repeatability. 

I. Two human FFPE tissues measured by 
MALDI-MSI

Fig. 1: General Outline of the experimental setup. The
study comprised two human FFPE tissues (both judged by
an expert pathologist to be >98% histologically
homogeneous), gastrointestinal stromal tumor (GIST) and
liver, which have been analyzed by MSI using five different
published FFPE tissue preparation methods with three full
technical replicates each.
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Fig. 2: Pixel-wise coefficient of determination (R2) and natural fold change ( 𝒏𝒂𝒕𝑭𝑪 =

max( 5𝑡ℎ𝐹𝐶 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 , |95𝑡ℎ𝐹𝐶 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 ) scores were computed for intra- and inter-replicate

comparisons for the evaluation of tissue processing homogeneity and method repeatability, respectively.

III. PCA-derived scores for quantitative assessment of repeatability of FFPE tissue MSI measurements  

Fig. 3: PCA space for two representative GIST datasets, method 1 (A) and method 3 (B) before and after
applying PCA-based scatter scores. The spread of the data points is measured by the mean absolute
deviation (𝑀𝐴𝐷) represented by an ellipsoid. The replicates overlap is approximated by 𝑱𝒐𝒗𝒆𝒓𝒍𝒂𝒑 =

 |𝑊𝑠| 𝐵𝑠 representing the ratio of the determinants of within to between class scatter matrices.
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Tab. 1: A summary of the resulting MAD and 𝐽𝑜𝑣𝑒𝑟𝑙𝑎𝑝 scores for

GIST dataset replica. Lower variation in MAD indicates stable
spread of the data points while higher 𝐽𝑜𝑣𝑒𝑟𝑙𝑎𝑝 indicates better

overlap between data points replica.

Summary

In this study, we sought to propose several scores for comparing five
different published FFPE tissue preparation methods in terms of
homogeneity of on-slide tissue processing as well as for quantification of
inter-day reproducibility. We used these scores on two human FFPE
tissues (both judged by an expert pathologist to be >98% histologically
homogeneous), gastrointestinal stromal tumor (GIST) and liver with three

full technical replicates each which have been subsequently analyzed by
MALDI-MSI. We demonstrated that repeatability analysis favoured the
FFPE tissue preparation method with the longest on-slide digestion time.
Moreover, the suggested pixel-based R2 and natFC as well as scatter-based
scores MAD and Joverlap proved to be insightful and objective quantitative
scores for measuring the similarity of tissue replica.
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