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Next Generation Diagnostics

Life at the DC



How can we improve  
our diagnostic workup?

n=168

Diagnostiskt Centrum SkaS

serious  
non-specific  
symptoms 

n=95

CUP 
n=73



there is just too much 
information

Do physicians need a diagnostic aid?

physicians are prone 
to certain cognitive 
errors

Availability heuristic 
making a diagnosis based on 
similar cases seen in one’s career

Fallacy of logic 
deductive reasoning doesn't work for 
every case. Sherlock Holmes is a model 
detective, but human biology is not a theft 
or a murder where all the cues can add up 
neatly

Cognitive Errors



The role of the patient 
book ends with how patients themselves 
can help reduce errors 

- what else could be the problem 
beyond the obvious 

- what symptoms do not fit and could 
indicate the possibility of another 
condition 

- have an open discussion about what a 
patient is worried about and giving all of 
the details of the situation from the start

Cognitive Errors

- in a study of 100 incorrect diagnoses only one in 
four resulted from a lack of medical knowledge  

- The other mistakes were the result of these 
cognitive traps

Cognitive Errors

Graber ML, Franklin N, Gordon R. Diagnostic Error in Internal 
Medicine. Arch Intern Med. 2005;165(13):1493–1499 

as several of these cognitive errors can be 
addressed by information technology there 
seems to be the need for a diagnostic aid



meet Dr. Watson

meet (Dr.) Watson

named after IBM’s CEO, Thomas J. Watson 



- the system can process over 
500 gigabytes =1 million books  

EVERY.SECOND.

- its capabilities are restricted 
mainly to Natural Language 
Processing, in other words, 
written and spoken text 

IBM Watson

- pulls data directly from the diagnostic record and processes it 
using 40 algorithms 

- capable of understanding ordinary English sentence 
constructions through the use of statistical natural language 
processing  

- can analyze unstructured medical information and recognize 
patterns that correspond to specific concepts 

- speaks the SNOMED language = Systematized Nomenclature 
of Medicine

Clinical decision support software 
(CDSS)



- a study compared Isabel's final diagnoses of 50 complex cases to 
the actual diagnoses made by experienced clinicians  

- simple copy & paste of the patient's entire case - including 
medical history, physical examination findings, and lab test 
results - into the software's data entry field resulted in 74% 
correct diagnoses  

- upon entering each patient's information into the program's key 
findings section - a slightly more time-consuming process -    
the success rate jumped to 96%  

Graber ML, Mathew A. Performance of a Web-Based Clinical Diagnosis 
Support System for Internists. J Gen Intern Med. 2008 Jan; 23(Suppl 1): 37–40



Improve diagnostic accuracy using clinical decision 
support software & Artificial Intelligence

Using Spatial transcriptomics to find the tissue 
of origin 

Compare cancer mutation screening  
by Liquid Biopsy with classical 
diagnostic workup

compile our own text processing algorithms to improve taking of 
the clinical history 

Building our own CDSS?

Advantages 
patients could fill out questionnaires related to their symptoms 
before their appointment 
the physician could then focus on certain aspect 

add results from lab and radiologic studies



compile our own text processing algorithms to improve taking of 
the clinical history 

Building our own CDSS?

Advantages 
patients could fill out questionnaires related to their symptoms 
the physician could then focus on certain aspect 
add results from lab and radiologic studies

Major Challenge 
lack of a standardized electronic health records systems 

View from the outside hasn’t changed much



Improving the diagnosis of DC patients

serious  
non-specific  
symptoms 

Mutations are at the root of cancer

1st

mutation

2nd

mutation

3rd

mutation

4th

mutation

malignant cells

tumor growth



c a n c e r

our current understanding of cancer pathogenesis has dramatically evolved 
over the last years 

chromosomes vs. individual nucleotide alterations 
there are currently about 140 gene mutations that drive cancer pathogenesis

number of mutations needed per type of cancer

Mutations are at the root of cancer



circulating tumor DNA = ctDNA

Many tumors release DNA fragments that circulate 
in the blood stream

Improve diagnostic accuracy using clinical decision 
support software & Artificial Intelligence 

Using Spatial transcriptomics to find the 
tissue of origin 

Compare cancer mutation screening  
by Liquid Biopsy with classical 
diagnostic workup



Liquid Biopsy

- quick 

- easily obtained 

- minimally invasive 

- minimal pain & risk

Liquid Biopsy

isolate ctDNA from PB detect mutations by NGS



Liquid Biopsy

clinical 
database

biobank

detect ctDNA

Liquid Biopsy

clinical 
database

biobank

Collaborative effort

let’s work together!



n=168

Improving the diagnosis of CUP

serious  
non-specific  
symptoms 

n=95

CUP   

Fallacy of logic 

CUP

Etiology & theories 

unknown

primary tumor has regressed 

primary tumor has been resected 

too small to detect 



CUP
Prognosis 

~ 6 months 
better for certain subgroups, especially those where 
the tissue of origin can be found 

Diagnostic workup 
goal: obtain histologic diagnosis and rule out treatable 
subsets 

- basic workup with history & physical examination 
- standard lab-tests 
- CT of chest and abdomen or FDG-PET 
- biopsy or cytology

Fallacy of logic 

CUP - Radiologic workup

Conventional radiology 
detects primary tumor in 30 % of cases 
for comparison: via autopsy ~ 30-  67% 
large variation (0 - 48% and 0 - 85%) 

FDG-PET 
detects primary tumor in 50 - 75% of cases where 
conventional radiology failed 
detects multiple metastases in many cases 
believed to consist of single metastases 



Fallacy of logic 

CUP - Diagnostic workup

Histology 
1.  rule out lymphoma, melanoma and sarcoma 

2.  differentiate adeno- & squamous cell ca, urothelial ca,  
germinal cell ca and neuroendocrine ca  

3.  define origin of adeno ca (lung, breast, pancreas) 

4.  examine predictive markers (hormone receptors, HER2 
status)

Immunohistochemistry in CUP



if the standard clinical evaluation does not suggest a primary tumor, the 
pathologist needs to consider a much broader spectrum of diagnoses 

initial evaluation of patients with CUP by radiology (CT & MRT or PET/CT) 
- if this does not suggest a primary tumor, identification of the tissue of 
origin depends on the pathologist 

the majority of CUP cases are adeno-Ca - the biggest challenge is to 
differentiate between different types of adeno ca 

several IHC panels have been developed to improve diagnostic accuracy 

gene expression profiling (GEP) has also been used to determine the tissue 
of origin 

CUP - Diagnostic workup

Improve diagnostic accuracy using clinical decision 
support software & Artificial Intelligence 

Using Spatial transcriptomics to find the 
tissue of origin 

Compare cancer mutation screening  
by Liquid Biopsy with classical 
diagnostic workup



Spatial transcriptomics

Spatial transcriptomics

allows for the visualization of all expressed genes in 
the highlighted tissue



Using spatial transcriptomics to study CUP

Advantages 
possibility to assess the expression of thousands of genes 

perhaps discover key expression markers for studies using IHC 
discover which pathways the cancer relies on  

(keyword: Oncogene addiction)

Using spatial transcriptomics to study CUP

Challenges 
resolution not at single-cell level 
expensive 

need fresh frozen material 
obtain the right samples 

we don’t know from the outset whether it is a real CUP or a 
straightforward histologic diagnosis 
how can we scrape together enough good samples?  
-> need to collaborate 
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