
Cancer Research Collaboration Grant Year 1 progress report (April 2024) 
The Legacy to Life program is going very well with Cancer Research Collaboration support. Below are the stated 
objectives of the project and progress to date. 
Overarching goal: Collect and preserve autopsy samples from metastatic cancer patients for multi-level analysis. 
Identification of cases has been a productive collaborative effort between medical oncologists, the patient and 
next of kin, other clinical caretakers, a social worker, and our team (anatomical pathologists and scientists). 

A. Autopsy arrangement and preparation. We hired a talented social worker, Lisa Gauchay (0.5 FTE), with 
experience in end-of-life planning for metastatic cancer patients. She has set up the following processes: 
Once a patient has expressed interest in participating in Legacy to Life, Lisa works closely with the patient 
and next-of-kin to make arrangements. This includes the informed consent process including legal 
paperwork to express the patient’s wishes to participate in the program, the autopsy consent, funeral 
home coordination and payment, arrangement for on-call staff in Pathology, and family instructions for 
the time of death. Our autopsy procedure, by necessity, is rapid and does not interfere with subsequent 
funeral procedures including viewing, and we work with the next of kin to ensure their wishes are honored. 

B. Specimen collection. The autopsy is standard, except that it occurs shortly after death, and is conducted 
by licensed personnel in Pathology/ARUP at the University of Utah School of Medicine. Thanks to CRC 
funds, we can now pay for on-call time for pathology 24/7 to conduct rapid autopsies. My research staff 
also attend the autopsy to facilitate collection of the appropriate tissue samples according to a pre-
determined autopsy plan based on the clinical chart and imaging data in each case. Specimen collection 
is comprehensive and forward-thinking to advance both this proposal and future analyses. We collect 
fresh, frozen, and fixed specimens from all affected sites (known metastases and uninvolved tissue that 
we hypothesize contains dormant cancer cells). Even if apparently unaffected, we collect samples of 
bone marrow, lung, brain, and liver – these are reported sites for dormant cancer cells at nearly 100% 
frequency in people who have died of metastatic cancer. In addition to sample collection for genomics, 
samples will be prepped for single cell RNA sequencing and proteomics and spatial RNA sequencing. 
Fresh samples are developed into living models whenever possible, allowing future studies with viable 
derivatives from these precious cases. 

 
Progress to date is illustrated in this chart: 

 
*cases 1-7; case 8 data is still pending analysis 
 
This year we also became founding members of a new international consortium to develop best practices for 
research autopsies. We published a paper in March 2024 (appended to this report) and were proud to include 
acknowledgement of the CRC support in that publication.  
 
Our goals for next year are to continue to hone best practices, to continue to conduct rapid autopsy tissues for 
our studies, and to start to utilize some of the materials to answer research questions that are funded by other 
granting mechanisms. 
 
Thank you for your support! 
Alana Welm, PhD 
Huntsman Cancer Institute, University of Utah 

Progress As of 20 April 2024
# of Legacy to Life patients (consented) 16

# of Legacy to Life patients who died 11
# of Legacy to Life patients autopsied 8
# of Legacy to Life patients still living 5

total # of Legacy to Life tissue samples 
collected 929*

median # of tissue samples per case 90*
range of # of tissue samples per case 62-304*
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Table 1. Challenges related to rapid autopsy programmes and strategies to overcome them. Combined experience from the 14 programmes.
Challenge Strategy/solution

Personnel challenges
Finding skilled team members – Multidisciplinary team

– Pathologist and/or mortuary assistant are crucial and should be dedicated [if needed, third-party (private)
pathology service to be added on]

– Psychological skills, high flexibility, and meticulousness are of great value
Personnel turnover – Long-term grants can help to assure job security

– Having back-ups for every role makes the position more attractive/bearable
– Set up a structure in which motivated people can temporarily join the team and learn

Emotional impact on team members – Participation must be voluntary for lab personnel
– Debrief shortly after an autopsy and allow for emotional difficulties to be discussed
– Have a psychological care team (e.g. from hospital) available

Having at least one person on call
24 h/7 days

– Rotate this task within the team
– Prerecord a message on the study phone’s voicemail in case no one can answer

Motivating personnel to work outside
of business hours

– Provide financial compensation
– Allow job flexibility including recovery time
– Involve personnel in scientific discussions and give co-authorship on publications
– Show up as a supervisor/principal investigator as often as possible

Budgetary challenges
Finding appropriate funding for
personnel

– Work with research personnel already covered by other research-related grants
– Work with existing (clinical) autopsy structures

Finding appropriate funding for the
set-up or downstream research

– Apply for grants related to infrastructure or biospecimen acquisition
– Make sure collaborators secure funding and include sample acquisition costs
– Recover costs where possible (e.g. per-sample fee)
– Negotiate prices where possible (transport companies, pathology services, …)

Regulatory challenges
Discussions with the Ethics
Committee (EC) including data
sharing, privacy, and informed
consent

– Start discussions with the EC early on when designing the programme
– Involve the legal team
– Consider publishing patient data in aggregated form rather than individual data
– Make sure the informed consent allows creation of tumour models, genomic analyses, controlled database
posting, and collaboration with non-academic partners, if applicable

Signature of the death certificate – Make sure involved parties (general practitioner, ward physician) are aware of the urgency and of the
procedure to be followed

Collaboration challenges
Essential collaboration within the
institution

– Programme to be advertised actively to colleagues (presentations, conferences)

Communication – Rotate authorships for large teams
– Organise regular and specific communication with those involved about the study conduct as well as on
downstream analyses and results

– Enhance collaborations between different laboratories to integrate sample data on a multi-omics level
– Find an efficient way of sharing essential patient and sample information

Enrolment challenges
Motivate physicians to include
patients

– Organise meetings to discuss barriers and exchange inclusion strategies
– Provide tips on the use of language and on timing
– Ask permission for the study coordinator to screen and contact patients directly
– Keep clinicians updated about scientific results

Patient selection and timing of
enrolment

– Select patients with longitudinal samples available, included in clinical trials, or of specific research interest
– Consider including early in the disease course; patients express they prefer this
– Introduce the programme when the patient offers cues
– Educational material in waiting rooms, allowing patients to bring up the topic

Wording used during enrolment – Get advice from patient advocates and supportive care staff
– Minimise taboo and normalise end-of-life discussions and tissue donation
– Focus on the meaning their donation will have for future generations
– ‘Tissue donation’ preferred over ‘autopsy’

Involvement of the family – Try to talk to the patient and their family in the same session
– Be very transparent about the procedures, the timing, impact on the funeral, …
– Consider asking for feedback from families some time after the tissue donation
– Consider honouring donating patients with a section on the programme website where families can
contribute

Follow-up challenges
Knowing how and how often to follow
up

– Passively follow up through patient files
– Ensure patients/families are updated on procedures when life expectancy shortens – actively follow up with
the supportive care team or hospice

– Provide all people involved with contact cards and steps to take

(Continues)
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Figure 3 Legend on next page.
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programmes (Figure 3B).Many programmes implemented
multiregional sampling for large lesions [up to 38 regions
for one tumour site (PEACE)]. All but one programme
collected both snap-frozen and formalin-fixed samples,
sometimes alongside other processing methods (fresh,
viably frozen,…). One programme froze any remaining
tumour material in vacuum bags. Normal tissue from the
same organ with metastases was collected in almost
all programmes (n = 13). Other non-invaded organ sam-
ples were additionally collected in 12 programmes,
either as part of the autopsy routine or to answer specific
research questions (Figure 3E). The median number of
samples collected during each autopsy per patient
ranged from 4 (Akita Rapid Autopsy Program) to
250 (UPTIDER), with the median of all medians being
58 (Figure 3C).

Sample and data management
The high number of samples retrieved within a short
timeframe demanded an efficient sample registration
strategy. Half of the programmes (n = 7) created sample
labels before autopsy start. Barcoding helped seven
programmes to track samples, though only one programme
used it at autopsy for registration of sample-specific
timepoints and storage locations. Information ultimately
recorded for each sample often included the organ (based
on anatomical nomenclature or using organ codes [40])
and the exact location of sampling (for correlation with
imaging or treatment response [41–43]), alongside the
processing method and sample-specific timepoints. While
most programmes try to access the tumour samples
that were collected during the patient’s life, this can be
challenging, especially with regard to the primary tumour,
which has often been surgically removed in another hospi-
tal many years before the autopsy (Table 1).
Capturing comprehensive clinical patient information

was equally challenging due to the complex and diverse
disease trajectory of metastatic disease. Eight progr-
ammes had set up electronic databases, most commonly
in RedCap (n = 5). Usually, access to the patient’s med-
ical file remained available after death for information
extraction as research questions evolved.

Other logistical considerations
Most programmes (n = 11) purchased equipment spe-
cifically for the study including processing equipment,

bone drills, logistic equipment, sterilisation equipment,
and consumables. Estimating the total price per patient
was challenging for five programmes. The Akita Rapid
Autopsy Program reported a cost of only USD 20 per
patient due to enrolling in-hospital patients only and
covering the pathologist’s salary through their clinical
position. For seven programmes, the price ranged between
USD 1,000 and 5,000 per patient; one programme even
reported a price range of USD 3,000–10,000. The price
was often highly influenced by personnel costs, with
some researcher time covered through grants and other
personnel requiring full funding. Two programmes
reported an autopsy fee of USD 1,500 being charged
per patient. Transport of the body either was done in-
kind or ranged between USD 185 and 1,500 in median
price. Postmortem imaging costs ranged between USD
250 and 750 per patient, or was included in the
autopsy fee.

The biggest financial contributors were research foun-
dations [mentioned in nine programmes, median contri-
bution out of total budget 45% (range 5–100%)]. This
was followed by funding through the host university
[seven programmes, median contribution 50% (range
10–95%)] and the affiliated hospitals [four programmes,
median contribution 70% (range 6–100%)]. Three
programmes additionally received support through pri-
vate donors, accounting for 20%, 50%, and 50% of their
total budget. Of interest, two programmes implemented
cost recovery structures where end users were charged
for the samples received (contribution to total budget:
25% and 30%), incentivising them to include cost recov-
ery in grants. Prices varied based on collaboration type
(close academic partners versus non-affiliated institutes
or industry/commercial partners). No programmes
reported structural funding from industry or pharmaceu-
tical companies.

Research opportunities and achievements
Postmortem programmes allow high-volume sample
collection of tumour tissue, non-tumour tissue, and liquid
biopsies, sometimes in combination with longitudinal
sampling (the original primary tumour and/or metastases
during life) (Figure 4A). This has already enabled high-
impact research, as highlighted in Figure 4B and Table 2
with examples from the 14 programmes. Genomics, par-
ticularly sequencing multiple metastases per patient, has
revealed insights into metastatic seeding, driver events,

Figure 3. Key autopsy figures for the programmes included in this study. (A) Median time between death and start of the autopsy
(PMI, postmortem interval) for each programme. Dark blue: median for all patients in the programme (irrespective of place of death); light
blue: median for patients in the programme dying at home; dark purple: median for patients dying in the hospital. Median duration of all
autopsies in the programme added on top in pink. *The Stanford University programme has recently moved to 24 h/7 day autopsies; the
figures presented are from before that time. (B) Number of tumour lesions sampled per autopsy in each programme. Light blue bar presents
range (minimum to maximum number per patient); dark blue dot indicates the median per patient. (C) Total number of solid samples collected
per autopsy in each programme (tumour samples as well as non-tumour samples). Light blue bar presents total range (minimum to maximum
number per patient); dark blue dot indicates the median per patient. (D) Number of programmes collecting different types of liquid biopsies
during the autopsy. The aqueous humour is from the anterior eye. (E) Number of programmes routinely collecting samples from different
non-invaded organs during the autopsy. On top of this, many programmes take non-tumour samples from the organs where a metastasis is
found (‘adjacent normal’). Other: bone, pituitary gland, spleen, nails, thyroid.
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Figure 4. Opportunities of tissue donation programmes. (A) Opportunities for sample collection in the context of rapid autopsy programmes.
Tissue samples requested from clinical and study archives and liquid biopsies collected specifically for the programme can form a
biorepository of premortem (longitudinal) samples. At autopsy, the sample collection opportunities are virtually unlimited, and include
extensive tumour and liquid biopsy sampling as well as the collection of non-tumour tissues for specific research questions. (B) Opportunities
for understanding metastatic cancer through research autopsies. Created with Biorender.com.
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Table 2. Research opportunities and achievements. Examples from programmes included in this article are given for each category.
Intra-patient inter-lesion heterogeneity in genomic and phenotypic characteristics

Wide intra-patient inter-lesion variety in percentage of cells expressing prostate-specific antigen (PSA) or neuro-endocrine features in metastatic
prostate cancer [11]

Heterogeneity in expression of hormone receptor and other therapeutic targets between primaries and matched metastases in breast cancer.
Methylation of assessed promotor regions was more similar [68]

Limited heterogeneity in driver events, copy number profile, cell cycle activity, and androgen receptor activity between metastases within one patient
with prostate cancer [44]

Important heterogeneity in subclonal structure between primary and metastatic disease in breast cancer. Treatment drives genomic subclonal
heterogeneity [15]

Analysis ofmultiplemetastases per patient allowed theevaluationof intra-patientheterogeneity in thepresenceof specificgene fusionevents inbreast cancer [45]
Multiple subclones with a variety of mechanisms of therapeutic resistance can co-exist in one patient with ovarian cancer [46]
Intra-patient inter-metastasis heterogeneity of HER2-low status complicates its assessment on one biopsy in metastatic breast cancer [69]
Characterisation and evaluation of distribution of polypoid giant cancer cells in metastatic castration-resistant prostate cancer [72]
Intra-patient inter-lesion heterogeneity in phenotype was observed in metastatic prostate cancer, including differences in androgen receptor expression
and PSA expression [70]

DNA methylation changes are very similar between metastases within patients with prostate cancer. Regions with consistent methylation show
enrichment for cancer-related genes [47]

Metastatic lesions within patients and between patients with urothelial carcinoma shared actionable mutations [48]
Many of the genetic changes conferring treatment resistance were shared between metastases in the same patient with melanoma [49]
No correlation between ERG and expression of PSA or androgen receptor in individual metastases in prostate cancer [71]
Prognostic and predictive biomarker expression differs between primary breast cancer and matched metastases and might depend on the organ of
metastasis. Immune profiles were heterogeneous too [77]

Characterisation and comparison of non-ossified bone metastases to non-osseous metastases from the same prostate cancer patients [78]
Immune activation varies by organ site of involvement in metastatic breast cancer [79]
Multi-omic analyses on primary breast tumours versus during-life (mostly liver) and after-death (many other soft tissues) metastases reveal events that
may explain metastatic tumour behaviours [79]

Mechanisms of metastatic evolution and spread, including phylogenetic reconstruction

Almost all targetable drivers in metastases in patients with breast cancer are already present in the primary tumour. Multiclonal seeding is often seen [50]
Two possible scenarios of dissemination patterns of breast cancer (monoclonal andmulticlonal) are observed, as well as cross-seeding betweenmetastases [51]
While some patients with metastatic breast cancer presented with predominantly monoclonal seeding patterns, others showed predominantly
multiclonal seeding [52]

Clonal dynamics as assessed on multiple metastases at autopsy confirms different modes of metastatic dissemination in clear-cell renal cell
carcinoma [53]

Phylogenetic trees in metastatic pancreatic cancer show organ-specific branches [54]
Copy number and cell ploidy changes drive evolution to end-stage disease in melanoma (compared with SNVs driving transformation in early disease) [55]
Most genetic drivers in metastases in breast cancer were already established in the primary tumour. Drivers unique to metastases were mutations in
hormone receptors. Most driver events were copy number changes. Multiclonal seeding was frequent [56]

Incidence of germline mutations in genes mediating DNA-repair processes among men with metastatic prostate cancer was significantly higher than the
incidence among men with localised prostate cancer [57]

Mechanisms behind genomic instability in pancreatic cancer include rearrangements disrupting telomere function and cell cycle control [54]
Distinct genotypes in end-stage pancreatic cancer correlate with the pattern of clinical organ failure (metastatic versus locally destructive disease) [66]
Monoclonal seeding is the dominant pattern in metastatic prostate cancer [58]
Genetic profiles of metastases reflect the profile of the primary in pancreatic cancer. Time between occurrence of the initiating mutation and the
acquisition of metastatic ability was calculated to be at least 5 years [59]

Mutations in driver genes were similar across metastases within each patient with pancreatic cancer [60]
Upper tract metastatic urothelial carcinoma has lower overall mutational burden but higher structural variability compared with lower tract urothelial
carcinoma [48]

Low overall mutation rates were observed in metastatic end-stage prostate cancer [61]
Difference in prevalence of certain driver mutations in metastatic disease compared with reported prevalence in primary pancreatic cancer [62]
Unique insight into prostate cancer clonality and spread [80]

Patterns of metastatic spread

The pattern of metastasis observed at autopsy showed visceral involvement to be more common than generally thought in metastatic prostate cancer [70]
Patterns of metastatic disease differ between patients with breast and ovarian cancer who are BRCA1/2 carriers and those who are non-carriers,
suggesting different mechanisms of dissemination [73]

Evaluation of mechanisms of treatment resistance/response

Association between certain genomic alterations and treatment response in metastatic prostate cancer, such as longer responses to carboplatin in
patients with defects in DNA-repair proteins [44]

ESR1 fusion enrichment may represent secondary resistance to more aggressive endocrine therapies in breast cancer [63]
New genomic mechanisms of disruption of androgen receptor signalling identified in metastatic prostate cancer [61]
Convergent loss of PTEN is a mechanism of resistance to PI3K inhibition in breast cancer [64]
Mechanisms of resistance to immunotherapy in melanoma [81]
Different types of reversion mutations found in the BRCA2 gene in patients with ovarian cancer, representing a mechanism of resistance to PARP
inhibition [65]

(Continues)

12 T Geukens, M Maetens, JE Hooper et al

© 2024 The Authors. The Journal of Pathology published by John Wiley & Sons Ltd
on behalf of The Pathological Society of Great Britain and Ireland. www.pathsoc.org

J Pathol 2024
www.thejournalofpathology.com

 10969896, 0, D
ow

nloaded from
 https://pathsocjournals.onlinelibrary.w

iley.com
/doi/10.1002/path.6271, W

iley O
nline L

ibrary on [20/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://www.pathsoc.org
http://www.thejournalofpathology.com


treatment resistance, and disease phylogenetics [15,44–66].
Additionally, it has allowed the exploration of the use of
liquid biopsies to profile the different metastases [67].
Phenotyping has highlighted heterogeneity in clinically
used biomarkers and the inadequacy of a single biopsy
to assess treatment eligibility [11,68–72]. Autopsy
programmes have comprehensively assessed metastatic
organ involvement [70,73] and have facilitated the
establishment of patient-derived xenografts (PDXs)
and other experimental models with subsequent investi-
gation of treatment sensitivity [74,75]. Some progr-
ammes are additionally exploring new treatment
targets, the metastatic tumour micro-environment, and
the correlation between histological and imaging features.
Non-tumour tissue research has so far explored the pres-
ence of driver events in non-cancerous tissue [76]. Other
promising avenues on these tissues include assessment of
treatment toxicity, paraneoplastic effects, pre-metastatic
niches, and tumour dormancy. Additionally, non-
cancer-related health research can also be conducted
on these tissues; for example, non-tumour brain sam-
ples collected in the UPTIDER programme are used
for research on neurodegenerative diseases.

Discussion

We present here the shared experience and accomplish-
ments of 14 research autopsy programmes that were
created to advance metastatic cancer research around
the world. At the geographical level, most programmes
are in the United States and we could not identify any
programme in South America or Africa. This means that,
currently, these programmes might not be capturing the
full spectrum of the disease.

The programmes ranged from slight modification of
clinical autopsy procedures to extensive postmortem
tissue sampling performed by research personnel.
Autopsies performed 24 h/7 days had a median PMI of
only 4 h, enabling the qualitative collection of fragile mol-
ecules and viable cells. This structure, however, came at a
psychological and logistical cost. All programmes have

successfully collected highly valuable liquid and tissue
samples, with a median of 58 samples stored per patient
across all programmes, including from organs otherwise
unethical/impossible to sample. The rapid nature of the
procedures (often completed within 12 h after death) and
implementation of cooling mitigated postmortem effects
onmolecules/RNA degradation. Genomic analyses were
possible in every programme, leading to major discov-
eries in metastatic tumour progression and biology.
Sample prioritisation, sterile procurement, and reduced
transport times have facilitated the creation of unique
tumour models shaping future drug discoveries and
testing.
In the era of precision medicine, autopsy programmes

can be an invaluable link in the research chain towards
better patient outcomes. Through this work, we hope to
foster collaborations (contact details are provided in
supplementary material, Table S2 for all programmes)
and to encourage the creation of new programmes. A
society of research autopsy programmes will help to
achieve this goal and is currently being created, includ-
ing non-oncological and paediatric programmes.
Importantly, we also plan on further exploring how the
role of patients in the design and support of the
programmes can be increased in the future, as they are
the cornerstone of and the sole reason for the
research we do.
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