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Summary

Background The observational SYMPLIFY study reported the accuracy of a multi-cancer early detection (MCED) test
in a referred symptomatic population. We explore how the MCED test may contribute to a faster or more efficient
diagnosis if acted upon.

Methods We reviewed all cancers diagnosed in SYMPLIFY (ISRCTN10226380) using data collected at study sites
plus two years of cancer registry data. All cancer diagnoses were classified based on the congruence between the
participant’s symptoms, diagnostic referral pathway, MCED test cancer signal origin (CSO) prediction, cancer site,
and time to diagnosis.

Findings There were 533 cancers diagnosed among 5461 (9.8%) evaluable participants in SYMPLIFY during the 2-
year follow-up period. Among the 79 participants with an apparent false positive test result in the original
SYMPLIFY study, 28 (35%) were diagnosed with cancer based on cancer registry data, increasing the MCED
PPV to 84.2% (80.1-87.6). In aggregate, only one of the 28 additional patients had a cancer diagnosed that was
incongruent with a predicted MCED CSO. Among the 5014 patients with an apparent true negative MCED test
result, 113 (2%) received a subsequent cancer diagnosis. In 101 (19%) of the 533 cancers diagnosed, the MCED
test result might have contributed to a more efficient diagnosis had it been used to inform the clinical work-up.
Conversely, 49 (9%) cancers might have taken longer to diagnose if the MCED test result alone had been used
in the diagnostic process, directing investigations based upon an incorrect CSO prediction.

Interpretation These exploratory findings demonstrate a substantially higher rate of cancer diagnoses in symp-
tomatic participants originally classified with a false positive MCED test result than those originally classified as true
negative. We show how MCED tests have the potential to assist clinical decision making, which may in turn lead to a
timelier cancer diagnosis for one fifth of cancers diagnosed.
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Introduction options available, resulting in better survival.? However,
Globally, cancer presents a significant health burden,  currently approximately half of all cancers are diag-
with estimates suggesting that approximately half of all ~ nosed at an advanced stage, resulting in high morbidity
people will receive a cancer diagnosis during their ~ and mortality.” Many countries are making early cancer

lifetime.! When cancer is detected early there are a  detection a priority. A key element of the Faster Diag-
greater number of, and more effective, treatment nosis Standard (FDS) of the English National Health
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Research in context

Evidence before this study

We searched PubMed from database inception to Sep 4,
2025, for “multi-cancer screening” [title and abstract] OR
“multi-cancer detection” [title and abstract] AND
“symptoms” [all fields] (and related terms) without language
restrictions. In addition to evidence that was already
identified in the original SYMPLIFY study, we identified the
PATHFINDER study, a prospective cohort study that assessed
a blood-based multi-cancer early detection (MCED) test for
cancer screening in asymptomatic adult patients. The study
returned MCED test results to participants’ doctors to aid
diagnostic evaluation. The study found that less than 1% of
study participants had a false positive test result, with 38%
of patients who had a cancer signal detected eventually
diagnosed with cancer. Additionally, the study found that the
first cancer signal origin (CSO) was correct in 85% of
patients, and the first or second was correct in 97% of
patients. PATHFINDER demonstrated the feasibility of blood
based MCED tests for cancer screening and the accuracy of
MCED CSO for guiding clinical investigations. The SYMPLIFY
study also demonstrated the feasibility of using a blood
based MCED test but in a symptomatic population, with a
sensitivity of 66.3% (95% Cl 61.2-71.1) and specificity of
98.4% (98.1-98.8). Like PATHFINDER, the SYMPLIFY study
demonstrated high accuracy of the MCED CSO at 85.2%. We
also identified updated findings of the DETECT-A study
which followed-up patients deemed false positive in the
original study for a median of 3.6 years and found that the
annual incidence of cancer in the false positive group was not
elevated, at 1.0% (95% Cl 0.2%-2.8%).

Added value of this study

Uncertainties remain about where MCED tests may be
integrated within diagnostic pathways for symptomatic
patients and the impact of a false positive MCED test result

Service is for 75% of patients to receive a cancer diag-
nosis within 28 days of a cancer referral.”” The Faster
Diagnosis Framework also highlights rapid investiga-
tion of patients with non-specific symptoms (NSS) that
are associated with many cancers.”® Patients are now
referred to NSS pathways and undergo a broad set in-
vestigations, or are referred on to site-specific cancer
pathways if appropriate.” Although these pathways have
improved the time to diagnosis, concerns remain about
the residual risk of cancer in patients when no cancer is
diagnosed after urgent referral.*

Multi-cancer early detection (MCED) tests are being
investigated for their potential in improving cancer
diagnosis by screening asymptomatic people or triaging
symptomatic patients. MCEDs measure biological
markers, such as circulating tumour DNA (ctDNA) and
proteins, shed by cancer cells that are present in the
blood.""" Currently, most studies have looked at the

in this population. Through extended 2-year follow-up in
cancer registry data, we demonstrate a 16-fold higher
incidence of cancer in symptomatic patients with a false
positive test result on site collected data in the 9 months
following study enrolment than those classified as true
negative. To our knowledge, this is the first study to
investigate the residual cancer risk in symptomatic patients
who were considered to have had a false positive MCED test
result based on standard of care clinical evaluation. We also
highlight three distinct ways that acting on an MCED test
result during the diagnostic work-up of symptoms
concerning for cancer could lead to more efficient cancer
diagnoses, including improving the time to diagnosis, the
investigations used, or choice of referral pathway. We outline
instances where the utilisation of an MCED test result alone
could lead to delays in diagnosis if other clinical factors, such
as symptoms were ignored. We identify cancer sites and
symptoms that may particularly benefit from the use of an
MCED test in the work-up of suspected cancer, such as in
differentiating between upper and lower Gl cancers.

Implications of all the available evidence

Our results highlight an increased incidence of cancer in the
year following study enrolment in participants with an
initially false positive test result that may justify broader
initial cancer investigations to enable earlier cancer diagnosis.
Further work is needed to understand whether this elevated
cancer incidence extends beyond the 2-year period to help
determine for how long and how often patients with a false-
positive MCED test result should be monitored for
undiagnosed cancer and whether retests are necessary.
Further, our results outline how MCED tests may aid
clinicians with decisions regarding the diagnostic work-up of
symptoms of suspected cancer to lead to more efficient
diagnoses.

effectiveness of MCED tests for screening.'”'® The
recent observational SYMPLIFY study demonstrated
the potential for using an MCED test (Galleri®,
GRAIL) in symptomatic people referred for cancer
investigation, with an overall sensitivity of 66.3% (95%
CI 61.2-71.1), specificity 98.4% (98.1-98.8), positive
predictive value (PPV) 75.5% (95% CI 70.5-80.1), and
negative predictive value (NPV) of 97.6% (97.1-98.0).
SYMPLIFY illustrated how an MCED could inform
clinical decision making by guiding the choice of
definitive cancer testing, especially when initial guide-
line directed investigations did not identify cancer.
Further investigation was needed to understand how
MCED tests may aid clinicians in investigating symp-
toms that could be caused by cancer to reach a timelier
cancer diagnosis.

In this study we reviewed all cancers reported in the
national cancer registry within two years of enrolment
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in SYMPLIFY. We compared the rate of subsequent
cancer diagnoses in participants who had a false posi-
tive MCED test result and those with a true negative
MCED test result after symptom directed cancer
investigation. We also analysed MCED test results,
presenting symptoms, referral pathways selected, and
the time to diagnosis in all participants diagnosed with
cancer. Our aim was to identify whether MCED testing
could lead to diagnostic efficiencies by reducing diag-
nostic delays, avoiding unnecessary investigations, and
aiding clinicians to choose the most appropriate cancer
investigations, while also investigating potential diag-
nostic delays associated with MCED test results.

Methods

Study design and participants

This work builds on the previous prospective observa-
tional SYMPLIFY cohort study (ISRCTN10226380)
which evaluated an MCED test in symptomatic patients
in England and Wales. The study was able to evaluate
5461 participants referred with symptoms concerning
for cancer to 44 hospitals in England and Wales by their
primary care clinician for rapid cancer investigation to a
NSS pathway, or to a standardised gynaecological, lung,
upper, or lower gastrointestinal urgent cancer two-
week-wait (2WW) pathway.”” Recruiting hospital sites
were asked to review the local hospital records for all
participants at 3 months post-enrolment and enter data
into electronic case report forms (CRFs), with those
unresolved at the 3-month mark undergoing a second
review at 9 months."”

Procedures

Included cancers were identified from data collected
locally at hospital sites and recorded in the SYMPLIFY
CRF, and from the national cancer registries in England
and Wales. The registry data were assessed for any
cancers among SYMPLIFY participants that were
registered but not reported in the SYMPLIFY CREF. For
cancers that were reported in both the CRF and cancer
registry, the relevant CRF data were used.

Only cancers with an ICD-10 codes starting with ‘C’
or D45-D46.9, D47.3, D47.4 were included. ICD-10
codes of C44 and C519 were excluded as non-
melanoma skin cancers were not included in the orig-
inal SYMPLIFY study.” Data regarding the symptoms
present at the time of urgent referral for investigation of
cancer were also recorded for each patient in the
SYMPLIFY CRF and were obtained for this study.
MCED test results from the original SYMPLIFY study
were obtained for each participant who had been diag-
nosed with cancer. Test results included a cancer signal
detection (CSD, yes/no) and the top two predicted
cancer signal origins (CSO)."”

All cancers identified in either the CRF or the
respective national cancer registry were reviewed for
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their congruency between the cancer diagnosis and the
initial presenting symptoms, the referral pathway, and
the MCED CSO results. The ICD-10 code was used to
identify the location of the malignancy. Each case was
reviewed by two clinicians.

A cancer was considered congruent with the symp-
toms at presentation if the symptoms that were present
could be reasonably explained by the diagnosis, which
was informed by the National Institute for Health and
Care Excellence (NICE) Guideline 12 suspected cancer
recognition and referral (NG12). In cases where par-
ticipants had a positive MCED test, the MCED 1st CSO
and diagnosed cancer site had to be the same to be
considered congruent. If the MCED test reported no
cancer signal detected, then the MCED was considered
incongruent with the diagnosis. A diagnosis was
considered congruent with the referral pathway if the
cancer site was one which could be reasonably identi-
fied by the investigations usually conducted by that
referral pathway. All cancer sites were congruent with
referral to an NSS pathway, given the wide breadth of
investigations and cancers that can be diagnosed
through these pathways. We had multiple independent
clinical reviewers classify each congruency case until an
agreement was made, utilising both the NG12 guide-
lines and cancer literature, allowing for internal con-
sistency. The time to diagnosis was calculated for each
cancer by subtracting the date of diagnosis from the
date of enrolment of the participant in the study.

The MCED test result was considered to have the
potential to enhance diagnostic efficiency when the
final diagnosis was congruent with the MCED predicted
CSO. However, in practice, some cancers in this group
would not derive a meaningful benefit in diagnostic
efficiency if the MCED had been used, because the
diagnosis was clear from clinical presentation and was
carried out in a timely manner. Thus, we further
identified three distinct and potentially meaningful
benefits the MCED test may have on the diagnostic
process. First, any cancer in which the diagnosis was
congruent with the MCED CSO but not the referral
pathway. Second, the use of the MCED may have
simplified and sequenced investigations when the
MCED test result was congruent with the final diag-
nosis in patients referred to an NSS pathway. Third, any
cancer in which the time to diagnosis was longer than
the 28-day benchmark as the MCED could have directed
appropriate cancer investigations sooner.

We identified scenarios where diagnostic delays
could have resulted from MCED test results when the
CSO was incorrect, potentially resulting in incorrect
cancer investigations if the MCED CSO alone were
used whilst ignoring other clinical factors. In the pre-
vious SYMPLIFY study, the authors concluded that,
other than in patients with suspected upper GI cancers,
a negative MCED test was not sufficient to reduce the
risk of cancer sufficiently to rule out further cancer
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investigation in a referred symptomatic patient.” Thus,
for this analysis, we only considered the MCED result
as a source of potential diagnostic delay when the
MCED test was positive but the CSO was not congruent
with the final diagnosis.

Outcomes

The primary study objective was the rate of subsequent
cancers in the 24-months post-study enrolment in the
ostensibly False Positive and True Negative groups
from the original SYMPLIFY study. Secondary objec-
tives included a descriptive analysis of the cancers
diagnosed in the 24 months post-study enrolment
based on their congruency between the presenting
symptoms, referral pathway, and MCED test results to
determine which cancers may have benefitted from the
MCED test being used in the diagnostic work-up for
suspected cancer.

The main objective stated in the statistical analysis
plan for this pre-planned analysis was “to assess the
diagnostic accuracy of the MCED test using diagnoses
within 2 years.” The plan also stated that “we may
describe whether the additional registry cancers are
congruent with presenting symptoms, referral pathway
chosen, and the initial MCED result (CSD and CSO),”
and “we may summarise the time from registration to
diagnosis, site, and stage of cancers.” Together these
analyses permitted our assessment of diagnostic effi-
ciency. However, we did not explicitly describe these
additional analyses as the evaluation of diagnostic effi-
ciency in the statistical analysis plan.

Data analysis

The time to diagnosis was displayed as the median and
IQR of all cancers and among groups based on cancer
site, stage, MCED test result, and congruency. Con-
gruency and potential improvements in diagnostic ef-
ficiency attributable to the MCED test were displayed as
the number and percentage of total cancers that were
classified in each group. Further analyses were con-
ducted on cancers that were congruent with the pre-
senting symptoms but not the referral pathway to
characterise the cancer sites and referral pathways
common among this group. Cancer diagnoses that may
have benefited from the MCED test result were re-
ported for each distinct benefit, and as a percentage of
the total cancers with the given characteristic.

The congruency of the MCED test result was also
reported for cancer cases classified as false positive and
true negative in the SYMPLIFY study. If the cancer
diagnosis was congruent with at least one of the symp-
toms, pathway, or MCED CSO then the cancer was
classified to have likely been related to the initial pre-
sentation. Those that were not congruent with any of the
symptoms, pathway, or MCED CSO were considered
unlikely to have been related to the initial clinical pre-
sentation (i.e., potentially an incidental finding).

Most analyses throughout this study were conducted
on a cancer level (e.g., if a patient had two cancer di-
agnoses, these were considered separately) to account
for congruency between symptoms, pathway, MCED
CSO, and diagnosis. The exception was the analysis of
false positive and true negative test results, as these
analyses were conducted on a patient level to determine
the cancer conversion rate in each group of partici-
pants. All analyses were completed in Stata version
17.0.

Ethics approval

All patients provided written informed consent, and the
study was undertaken in accordance with the Declara-
tion of Helsinki. The protocol was approved by the
National Research Ethics Service (21/LO/0456-London
Central) and complied with UK regulations as outlined
in the original SYMPLIFY study." Consent was also
gained from participants for the SYMPLIFY team to
retrieve data held in central national databases, such as
the cancer registry, for 2 years following their enrol-
ment into the study.

Role of the funding source

The lead investigators (A], BDN, MRM), GRAIL, NHS
England, and the University of Oxford designed the
current study together. The University of Oxford
sponsored SYMPLIFY and was responsible for data
collection, data analysis, and data interpretation. GRAIL
provided the results of the MCED test, but had no role
in the analysis and interpretation of the data. GRAIL
authors participated in the review of the statistical
analysis plan for SYMPLIFY and of the analyses that
flowed from it. GRAIL authors contributed to the
writing of the report.

Results

The median age at registration of the 5461 evaluable
participants in SYMPLIFY was 61.9 years (IQR 53.4—
73.0), 66.1% (3609) of the participants were female,
4370 (80.0%) were recruited in England and 1091
(20.0%) were recruited in Wales.” There were 533
cancers diagnosed in 509 participants throughout the
follow-up period. There were 380 cancers diagnosed
among 368 patients in the SYMPLIFY CRF, which were
reported in the original SYMPLIFY study. The
remaining 153 cancers diagnosed among 141 partici-
pants were not reported but identified through the na-
tional cancer registries. The median number of days
between enrolment and diagnosis was 33 (IQR = 10-
98). Table 1 highlights the characteristics of all 533
cancers included in the study.

There were 79 participants in the original SYM-
PLIFY study that had a positive MCED test result but
did not have a cancer reported in the SYMPLIFY CRF
(false positive). Among these, 28 (35%) had a cancer
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Characteristic Number (%) Median days to
diagnosis (IQR)
Whole cohort 533 33 (10-98)
Patient demographics
Age group
50-59 87 (16) 38 (9-132)
60-69 125 (23) 27 (10-86)
70-79 198 (37) 35 (11-108)
80-89 85 (16) 22 (9-91)
90+ 12 (2) 63.5 (14.5-239)
<50 26 (5) 20 (6-71)
Sex
Female 281 (53) 37 (12-110)
Male 252 (47) 29 (8-93)
Ethnicity
Non-white 15 (3) 97 (42-540)
White 518 (97) 32 (10-95)
Cancer characteristics
Cancer stage
Stage | 163 (31) 59 (14-254)
Stage Il 85 (16) 51 (15-106)
Stage Il 138 (26) 21 (7-56)
Stage IV 106 (20) 18.5 (7-63)
Unknown 41 (8) 63 (27-228)
Cancer site
Anus 5(1) 29 (7-32)
Bladder and urothelial tract 22 (4) 68.5 (10-324)
Bone and soft tissue 1(0.2) 42 (-)
Breast, female 28 (5) 427 (121-553.5)
CNS 2(0.4) 2255 (46-405)
Cancer of unknown primary 3 (0.6) 41 (22-139)
Cervix 5(1) 10 (8-51)
Colorectal 159 (30) 16 (4-57)
Gallbladder 1(0.2) 16 (-)
Head and neck 2 (0.4) 34.5 (34-35)
Liver, bile duct 9 (2) 47 (21-66)
Lung, trachea, and bronchus 106 (20) 15 (6-69)
Lymphoid 25 (5) 68 (24-163)
Melanoma of skin 8 (2) 218 (32-415.5)
Myeloid 1(0.2) 391 (-)
Oesophagus 25 (5) 13 (5-52)
Other 17 (3) 45 (27-81)
Ovarian 20 (4) 435 (19-125)
Pancreas 19 (4) 44 (15-99)
Plasma cell 5(1) 210 (195-585)
Prostate 28 (5) 166 (88-516)
Stomach 5(1) 9 (0-27)
Thyroid 3 (0.6) 208 (63-495)
Uterus 34 (6) 45.5 (16-73)
Referral pathway
Gynae 2WW 81 (15) 68 (17-157)
Lower Gl clinic 213 (40) 29 (10-103)
Lung 2WW 104 (20) 14 (6-34)
Rapid diagnostic centre 49 (9) 51 (19-120)
Upper Gl 2WW 86 (16) 53.5 (19-299)
Time to diagnosis
Within 28 days of enrolment 252 (47) 9 (1-16)
>28 days after enrolment 281 (53) 93 (56-362)
(Table 1 continued on next column)
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Characteristic Number (%) Median days to

diagnosis (IQR)

(Continued from previous column)
Present in CRF/registry

CRF only 45 (8) 21 (7-69)
Registry only 154 (29) 323.5 (90-548)
Both 334 (63) 20 (7-50)

Presented as the number and percentage of total cancers that exhibit each
quality. Time between diagnosis and enrolment is displayed as the median
with the IQR. Cancer sites labelled “Other” were used in instances where the
cancer site was incomplete or ambiguous, such as instances where the cancer
was listed as “Neoplasm, Not Otherwise Specified.”

Table 1: Characteristics of all cancers.

identified in the respective national registry within 2
years of study enrolment, accounting for 31 cancers in
total, and increasing the MCED PPV to 84.2%
(80.1-87.6). There were 5014 patients who had a nega-
tive MCED test (i.e., no cancer signal detected) who did
not have a cancer reported in the SYMPLIFY CRF (true
negative), of which 113 (2%) had a cancer reported in
the national cancer registry within 2 years of study
enrolment. This accounted for 115 total cancers.

We found that 27 (87%) of the 31 cancers diagnosed
in what was previously the false positive group were
likely to be related to the initial presentation, compared
to only 33 (29%) of the 115 cancers in the previous true
negative group (Fig. 1). Among the 31 cancers in the
false positive group, 24 (77%) were congruent with the
first MCED CSO. An additional three were congruent
with the second CSO. Furthermore, two of the four
cancers that was not congruent with the MCED CSO
occurred in patients with two cancers diagnosed, where
one of the cancers was congruent with the MCED test.
Therefore, in aggregate, only one of the 28 additional
patients had a cancer that was incongruent with one of
the reported CSOs. Of the 28 participants initially
classified with a FP MCED that were subsequently re-
ported to have a cancer diagnosed in the cancer registry,
15 (54%) were female (Supplementary Table S1). 16/28
(57%) were diagnosed with cancer within 9 months of
enrolment. 8 of the 16 were diagnosed with cancers that
were incongruent with the diagnostic pathway chosen
based on their presenting symptoms, but the MCED
Cancer Signal Origin (CSO) call was correct. The other
8 were referred to the correct diagnostic pathway for
the cancer diagnosed, suggesting the cancer was
missed by standard of care investigations or data entry
errors during SYMPLIFY. 12/28 (39%) were diagnosed
with cancer 10-24 months following enrolment
(Supplementary Table S2). 7 of the 12 were diagnosed
with pathway incongruent cancers but the MCED CSO
was correct. For the remaining 5, the pathway initially
chosen was appropriate for the cancer registered, sug-
gesting the cancer was undetectable on initial standard
of care investigation.
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MCED+
323 patients

N

True Positive test result
(Cancer reported in
SYMPLIFY CRF)

244 patients, 258 cancers

SYMPLIFY CRF)
79 patients

Original SYMPLIFY study findings

Cancer reported in
national registry

28 patients, 31 cancers
(35% cancer rate)

N

Additional cancer
registry cancers

to be related to diagnosis
4 cancers (13)

27 cancers (87)

124 patients, 129 cancers

VN

Cancer not reported
in national registry
51 patients

SYMPLIFY Cohort

/ 5,461 patients \

MCED-
5,138 patients

N

False Positive test result False Negative test result True Negative test result
(No cancer reported in

(Cancer reported in
SYMPLIFY CRF)

(No cancer reported in
SYMPLIFY CRF)
5,014 patients

N

Cancer reported in
national registry
113 patients, 115 cancers
(2% cancer rate)

Cancer not reported
in national registry
4,901 patients

Initial presentation unlikely Initial presentation likely to Initial presentation unlikely Initial presentation likely to
be related to diagnosis

be related to diagnosis
33 cancers (29%)

to be related to diagnosis
82 cancers (71%)

Fig. 1: Breakdown of patients and cancers in the original and following the addition of subsequent registry cancers.

289 (54%) of the 533 cancers occurred in patients
who received a positive MCED test result. Overall, 240
(45%) cancers were congruent with the MCED CSO,
389 (73%) with symptoms, and 358 (67%) with the
referral pathway. The time to diagnosis was shortest for
those cancers that were congruent with the symptoms,
referral pathway, and MCED CSO (median = 14,
IQR = 4-31) (Table 1).

There were 101 (19%) cancers that might have had a
meaningful improvement in diagnostic efficiency had
the MCED test result been used in the diagnostic pro-
cess. Among these, 39 (39%) were congruent with the
MCED CSO but the referral pathway was incongruent
with the final diagnosis (Table 2). There were 18 (18%)
cancers that were congruent with the MCED test result,
and the patient was referred to an NSS pathway. The
remaining 44 (44%) were congruent with the symp-
toms, pathway, and MCED CSO but did not achieve the
outlined standard of diagnosis within 28 days of urgent
referral and did not meet the criteria for the other two
aforementioned groups. There were 49 (9%) cancers
that may have experienced diagnostic delays if the
MCED test result alone had been used in the diagnostic
process due to an incorrect CSO guiding the diagnostic
decisions and ignoring other clinical factors (Table 2).

There were 252 (47%) cancers diagnosed throughout
the study that achieved the benchmark of diagnosis
within 28 days of urgent referral for suspected cancer

(Table 1). Among the cancers that may have had
improved diagnostic efficiency due to the use of the
MCED test, 79 (78%) were diagnosed outside of the 28-
day standard (Table 3). If the use of the MCED test
allowed all these cancers to be diagnosed within the 28-
day standard, then the rate of cancers diagnosed within
the target time frame in this study could have improved
from 252 (55%) to 331 (62%).

When looking at specific cancer sites, there were 23
types of cancers diagnosed throughout the SYMPLIFY
study, of which 16 (70%) may have had improved
diagnostic efficiency had the MCED test result been
used in the diagnostic work-up (Table 4). As for stage,
58% (59) of all cancers that could have had a mean-
ingful benefit in improving diagnostic efficiency were
stage I-III cancers (Table 4).

There were 45 (8%) cancers where the symptoms
the participant presented with were congruent with
the final cancer diagnosis, but the pathway was not.
Among these cancers 24 (53%) were congruent with
the MCED CSO (Supplementary Table S1). The most
common scenario was participants being referred to
the lower GI pathway who were subsequently diag-
nosed with an upper GI cancer, and vice-versa (n = 20,
44%) (Fig. 2). Symptoms that were common amongst
these incorrectly referred upper and lower GI cancers
included changes in bowel habit and weight loss
(Fig. 2).
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Discussion

We identified 28 (35%) participants who were originally
classified as having a false positive MCED test result
who had cancers identified in registry data within 2
years of study enrolment. This was a higher proportion
than in the true negative group, where 113 (2%) par-
ticipants had a cancer identified in registry data within
2 years. Although exploratory in nature, our findings
suggest that among the 31 cancers diagnosed in 28
patients in the false positive group 27 (87%) could have
been identified if cancer investigation had been directed
by the MCED result.

We evaluated instances where the MCED may lead
to more efficient cancer diagnoses. In doing so, we
identified 101 (19%) cancers that might have had a
more efficient diagnosis if the MCED test result had
directed further cancer investigations in this symp-
tomatic cohort. Using the MCED CSO may have
improved the time to diagnosis, directed referral to a
more appropriate urgent referral pathway, or informed
the choice and sequencing of investigations for non-
specific symptoms to reduce diagnostic delays, cost,
and patient burden. With this, we identified that 16 of
the 23 cancer types in the study demonstrated some
benefit of the MCED test. The cancer types that did not
demonstrate any benefit were largely rarer cancers with
only a small prevalence. A larger study could better
elucidate if these lower incidence cancers receive any
diagnostic benefit from the MCED test.

We identified 49 (9%) cancers that may have expe-
rienced potential delays if the MCED test alone had
been used in the diagnostic process due to the potential
for referral to an incorrect pathway. We also identified
45 (8%) cancers that were referred to a pathway that was
incongruent with the final diagnosis, despite having
symptoms congruent with the identified cancer site.
Among these, 25 (55.6%) were congruent with the
MCED test result, indicating an opportunity for the
MCED test to aid in more accurate referral. Although
these represent intriguing findings of the potential role
of MCED testing in aiding diagnostic efficiency, the
exploratory nature of this research must not be under-
stated. Still, the present work provides areas for further
exploration regarding the potential impact of MCED
testing on improving the efficiency of the cancer diag-
nostic pathway.

To our knowledge, this is the first study to follow-up
symptomatic patients who received an MCED test
beyond the conclusion of standard of care in-
vestigations. A strength of this study was the use of
registry data, for which we have evidence that it is a
comprehensive and reliable source for cancer diag-
nostic data.'® However, registry data are more limited in
scope, due to standardised collection and reporting
guidelines, which limited us in our ability to investigate
issues of congruence between the registry and CRF
datasets.
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Characteristics Number (%)

Median Days to
Diagnosis (IQR)

MCED results
MCED Result
Negative 244 (46)
Positive 289 (54)
SYMPLIFY Classification
False negative 129 (24)
False positive 31 (6)
True negative 115 (22)
True positive 258 (48)
Congruency with cancer diagnosed
Symptoms
No 144 (27)
Yes 389 (73)
Pathway
No 175 (33)
Yes 358 (67)
MCED 1st CSO
No 293 (55)
Yes 240 (45)
MCED 1st or 2nd CSO
No 276 (52)
Yes 257 (48)
Overall Congruency
Symptoms, Pathway, and 1st MCED CSO 201 (38)
None 115 (22)
Symptoms and Pathway only 143 (27)
Symptoms and 1st MCED CSO only 24 (5)
Pathway and 1st MCED CSO only -
Symptoms only 21 (4)
Pathway only 14 (3)
1st MCED CSO only 15 (3)

with the IQR.

81.5 (25-342.5)
17 (6-45)

37 (14-73)
120 (35-460)
405 (147-583)
15 (5-35)

217.5 (66-538.5)
20 (7-55)

132 (47-495)
18 (6-51)

68 (19-272)
16 (6-41.5)

715 (22-289.5)
16 (6-44)

14 (4-31)
273 (89-546)
24 (8-68)

52 (27.5-90)
68 (34-103)
112 (56-323)
44 (19-546)

Presented as the number and percentage of total cancers. Days to diagnosis is demonstrated as the median

symptoms, pathway, and MCED CSO.

Table 2: Characteristics of cancers diagnosed based on MCED results and congruency with

A limitation of our study is the potential ambiguity
associated with determining whether a patient’s symp-
toms are reasonably explained by their cancer diag-
nosis. Cancers can present in very different ways, and
so it takes care to determine which symptoms are likely
attributed to a cancer diagnosis and those that are not.
We aimed to minimise this issue by having multiple
independent clinical reviewers classify each case until
an agreement was made, and by remaining consistent
regarding which symptoms were aligned to each can-
cer, referring to national guidelines (NG12) and the
cancer literature, which provided clear guidance
regarding diagnostic standards.

The final limitation of our study is our assertion that
participants who were referred to an NSS pathway and
were congruent with the MCED CSO could have had a
more efficient diagnosis based on the MCED test result.
We suggest that patients who are referred to an NSS
pathways could benefit from the use of the MCED test
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MCED impact

Number of Number of

cancer diagnoses cancer

(% of total) diagnoses
taking >28 days
n (%)

Total potential improvements in diagnostic efficiency
MCED correctly directs cancer investigation (correct CSO) 240 (45)
Potential meaningful improvements in diagnostic efficiency
MCED 1st CSO correctly directs referral when an incorrect
referral pathway was chosen based on symptoms.
MCED 1st CSO correctly specifies the cancer site in
patients referred for broad investigation of non-specific

symptoms.

MCED 1st CSO could shorten the time to diagnosis for
cancers with a time from referral to diagnosis >28 days.

Total meaningful improvements
Potential diagnostic delays

Incorrectly directs investigations

Incorrect 1st CSO

Incorrect 1st and 2nd CSO

79/240 (33)

39 (7) 28/39 (72)

18 (3) 7/18 (39)

44 (8) 44/44 (100)
101 (19) 79/101 (78)

49 (9) 22/49 (45)

32 (6)

Table 3: Potential meaningful improvements in diagnostic efficiency associated with MCED use
and potential for impact on diagnoses taking over 28 days.

result by helping to triage investigations. However,
there is limited data on the variation in the diagnostic
approach taken by NSS pathways.”* As such, our
findings should therefore be taken as hypothesis-
generating, with interventional research required to
understand the clinical and economic impact of MCED
testing on symptomatic patients.

The reduction in false positives from 79 in the
original SYMPLIFY study to 51 in this analysis would
result in the MCED PPV increasing from 75.5% (95%
CI 70.5-80.1) to 84.2% (80.1-87.6) for cancer overall.' A
recent study conducted in the UK found that patients
who undergo urgent investigation for cancer who do
not have a cancer diagnosed at the time of referral have
an increased probability of receiving a cancer diagnosis
within 1-5 years post-referral, many of which were
advanced-stage cancers.® This risk was highest in the
first 2 years after referral, and lower thereafter.® The
authors suggested that the subsequent cancer di-
agnoses may be due to increased overall cancer risk
rather than missed diagnoses at initial referral.® How-
ever, it is possible that at least some of these diagnoses,
particularly advanced stage cancers in the 1-2 years
following initial referral, may represent diagnoses that
were missed or clinically undetectable at the time of
referral. In the present study we have found that 87% of
cancers diagnosed amongst the originally False Positive
cohort within 2 years of study enrolment were related
to the initial clinical presentation. This suggests that
in clinical practice a positive MCED test serves as a
biomarker for the early detection of existing cancer
rather than being an indicator of there being an
increased risk of developing cancer within 2 years.
These findings together support further diagnostic

Characteristic Overall Meaningful
cancers (N) benefit cancers
n (%)
Pathway
Gynae 81 18 (18)
Lower Gl 214 32 (32)
Lung 106 13 (13)
NSS 49 18 (18)
Upper Gl 86 20 (20)
Cancer site
Anus 5 -
Bladder and urothelial tract 22 303)
Bone and soft tissue 1 -
Breast, female 28 4(4)
CNS 2 -
Cancer of unknown primary 3 2 (2)
Cervix 5 -
Colorectal 160 34 (34)
Gallbladder 1 1(1)
Head and neck 2 1(1)
Liver, bile duct 9 3(3)
Lung, trachea, and bronchus 108 10 (10)
Lymphoid 25 8 (8)
Melanoma of skin 8 -
Myeloid 1 -
Oesophagus 25 2 (2)
Other 17 2 (2)
Ovarian 20 8 (8)
Pancreas 19 11 (11)
Plasma cell 5 2 (2)
Prostate 28 1(1)
Stomach 5 -
Thyroid 3 -
Uterus 34 9(9)
Cancer stage
Stage | 164 13 (13)
Stage Il 85 21 (21)
Stage Il 140 25 (25)
Stage IV 106 37 (37)
Unknown 41 5(5)
Cancers with a meaningful benefit of the MCED include one of the three
scenarios: First, any cancer in which the diagnosis was congruent with the
MCED CSO but not the referral pathway. Second, the use of the MCED may
have simplified and sequenced investigations when the MCED test result was
congruent with the final diagnosis in patients referred to an NSS pathway.
Third, any cancer in which the time to diagnosis was longer than the 28-day
benchmark as the MCED could have directed appropriate cancer investigations
sooner. Data are presented as the number and percentage of cancers with the
specific characteristic among all the cancers with a potential meaningful
benefit of the MCED (n = 101).
Table 4: Characteristics of cancers with potential meaningful benefit
of MCED.

work-up or potentially repeat MCED testing in pa-
tients considered to have a false positive MCED after
initial cancer investigation, as previous evidence has
shown that a persistent positive cancer signal on
retest is associated with an increased risk of cancer
diagnosis.”

www.thelancet.com Vol 66 July, 2026
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Abdominal pain
Anaemia

CIBH

IDA

Rectal bleeding
Weight loss

MCED Congruent

Lower G| Referral

Anaemia

Appetite loss
Dyspepsia

Dysphagia

Pain

Upper abdominal pain
Weight loss
Abdominal mass

MCED Congruent

Upper Gl Referral

P Bloating
e ©
§ £ CIBH
o 5 Weight loss

Abdominal mass
MCED Congruent

Cough
Weight loss
CXR suggestive of lung cancer

MCED Congruent

Lung

Referral

Cancer Type Diagnosed
LGI (0) UGI (10) Gynae (1) Lung (0) Other (6)
3 (30) - - 5 (83)
- 1(10) - - -
| - 7(70) | 1(100) - 1(17)
3 (30) - -
. . - 1(17)
5(50) | 1(100) - 5 (83)
- 4(40) 0(0) - 0(0)
LGl (10) UGI(0) Gynae (0) Lung (5) Other (3)
3 (30) - - - -
1(10)
3 (30) -
- 2 (40)
1(10) - - - -
2 (20) - - 1(20) | 1(33)
5 (50) - - 3(60) [ 2(67)
1(10) - -
9 (90) - - 2(40) 1(33)

LGl (4) UGI(1) Gynae (0) Lur! (1) Other (0)

2(50) | 1(100)
| - 1 (100)
2 (50) .
3 (75)
3(75) 1(100) : 0(0) .

LGI(0) UGI (1) Gynae (0) Lung (0) Other (0)

1(100) - . 1(33)
1(100) . . 2 (67)
1 (100) - - 3 (100)
- 1(100) - - 3 (100)

Fig. 2: Symptom profiles of cases for which symptoms were congruent with cancer diagnosis but patients were referred to a pathway
incongruent with the cancer (n = 45). Values are presented as the number of patients with a given symptom and the percentage of total
patients with the symptom. The final row for each referral pathway indicates the number and percentage of cancers within the group that
were congruent with the MCED CSO. CIBH = change in bowel habit. IDA = iron-deficiency anaemia. CXR = chest x-ray. The list of symptoms is

comprised of the 15 most common symptoms among patients in the stu
cancer.

Estimates suggest that around half of all suspected
cancer patients present with non-specific symptoms that
are not indicative of a particular cancer site.® Previous
studies have shown that non-specific symptoms, such as
unexplained weight loss and fatigue, make triaging
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dy with the addition of abdominal mass and CXR suggestive of lung

investigations and identifying referral pathways more
challenging, leading to delays in diagnosis, and poorer
cancer outcomes.*” In this study we found that 45 (8%)
cancers were referred to a diagnostic pathway that was not
congruent with the final diagnosis despite having
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10

| . Diagnosis Diagnosis
Diagnosis achieved achieved
achieved 213 patients (Theoretical), 48 patients (Theoretical) 11 patients
(66%) | > (15%) | > (3%)
i\_/a Negative Negative Negative
. work-up work-up - ~ .
Positive \ (110 patients) (62 patients) 9| rorup, False positive
—_—
MCED test ———— _— =7 MCED test
(323 patients) result

Symptom-driven standard of
care investigations
Example: colonoscopy for
suspected lower Gl cancer

Additional investigations
based on MCED CSO
Example: upper endoscopy if MCED
CSO indicated upper Gl cancer

(51 patients, 16%)

PET/CT or MCED Retest

Example: MCED CSD is positive but
investigations based on symptoms
and CSO are negative

Follow-up for 2 years based
on MCED CSO

Fig. 3: Proposed pathway for investigating positive MCED test results in symptomatic patients with theoretical proportions based on
study data. All data in this figure are extrapolated from the current study data and are theoretical and illustrative.

symptoms that were indicative of their cancer. It is not
only vague constitutional symptoms that represent
referral challenges, but also more specific symptoms
indicative of multiple potential cancer sites.” Our findings
illustrate that some patients who present with symptoms
that could be indicative of multiple cancers may be
referred to a particular pathway, receive a negative work-
up, and then later be diagnosed with a similar cancer
via a different referral pathway. In these patients, an
MCED test result and corresponding CSO may have
helped to direct patients to specific referral pathways or to
identify which patients should be further investigated
following an initial negative diagnostic work-up for
cancer.

Other MECD tests in development which do not
have a CSO reporting capability propose using PET-CT
to localise the cancer when a cancer signal is detected.
However, PET-CT is not widely available in many
health systems highlighting the need for robust health-
system-specific health-economic analyses to inform the
optimal investigative strategy to follow-up and rule-out
cancer in MCED tested patients. We were able to
assess whether the MCED might augment the standard
of care provided for patients with symptoms of cancer
in the NHS context in England and Wales. We suggest
an alternative approach integrating the MCED into
existing diagnostic pathways adding investigations to
standard of care investigations if the CSO suggests a
cancer site incongruent with the presenting symptoms
and associated referral guideline criteria. A full-body
work-up would be instigated only if investigations
based on symptoms and CSO were negative, but the
original CSD was positive (Fig. 3). Alternatively, a
repeat MCED could be offered leading to further
initial work-up based on the CSO in persistently
positive cases, or monitoring for 2 years based on the
CSO result. This approach could provide more reas-
surance to patients with a false positive MCED test
result regarding their residual cancer risk, and could

prevent unnecessary sequential referrals and associ-
ated delays in cancer diagnosis from falsely reassur-
ing initial symptom-based assessment.”® Although a
false positive MCED test result may lead to anxiety for
patients, having a defined process to follow-up pa-
tients with a positive result, as described above, will
help to reduce fear for patients who have a positive
MCED test result and by providing reassurance to
those who have a negative work-up along each step in
the pathway.

There are different points along the diagnostic
pathway where an MCED test could inform clinical
decision making and referrals. To realise the potential
benefits of the MCED test outlined in this manuscript,
the MCED test would be requested at the time of the
urgent suspected cancer referral and the test result
returned prior to the cancer investigations indicated by
the symptoms. The clinical team could choose to
change the symptom directed investigations to in-
vestigations indicated by the CSO call or add further
investigations to the symptom directed investigations
based on the CSO call. To realise the additional po-
tential benefits of identifying patients for urgent cancer
referral not currently referred, and of reducing unnec-
essary urgent cancer referrals, the MCED test would
need to be requested in primary care prior to referral
and ideally at the time of the patient’s initial symp-
tomatic presentation to primary care. To avoid unnec-
essary MCED test use in patients who will already have
a timely cancer diagnosis, the MCED test could be used
solely in patients with negative cancer investigations
and ongoing symptoms. However, this strategy would
not reduce unnecessary urgent cancer referrals, identify
additional patients who require urgent cancer referral,
nor redirect urgent cancer investigations towards the
correct cancer site.

For any strategy to be successful, the clinician
should receive the MCED test result within a timeframe
aligned to the clinical pathway. A thorough health
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economic analysis of each scenario would be required
to balance the costs of MCED test use, diagnostic delay,
and changes in investigative and referral behaviour.

Conclusions

We found that only 252 (47%) cancers were diagnosed
within 28 days of referral. We identified 101 (19%)
cancers that may have been diagnosed more efficiently
if the MCED test had been used in the diagnostic work-
up of suspected cancers, and among these, 79 (78%)
were diagnosed outside of the 28-day standard. If the
MCED test would have been used in the diagnostic
work-up of these patients, and if using the MCED test
could have helped achieve the timelier diagnosis, this
could have increased the percentage of cancers who
were diagnosed within 1 month of urgent referral from
55% to 62%, indicating a substantial improvement in
timelier diagnosis. We found that among the cancer
sites that would have benefitted the most from the
MCED test were hard to identify cancers, including
cancers of unknown primary, gallbladder, pancreas,
and ovarian. Many of these cancers are difficult to
detect early and so using the MCED test in the diag-
nostic work-up may lead to invaluable improvements in
time to diagnosis. For these benefits to be realised in
clinical practice, the MCED test would most likely need
to be returned to the requesting clinician in under two
weeks.
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