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Abstract

Background: Family health history (FHx) is an effective tool for identifying patients at risk of hereditary cancer.
Hereditary cancer clinical practice guidelines (CPG) contain criteria used to evaluate FHx and to make
recommendations for genetic consultation. Comparing different CPGs used to evaluate a common set of FHx
provides insight into how well the CPGs perform, the extent of agreement across guidelines, and how well they
identify patients who should consider a cancer genetic consultation.

Methods: We compare the American College of Medical Genetics and Genomics (ACMG) and the National
Comprehensive Cancer Networks (NCCN) (2019) CPG criteria for FHx collected by a chatbot and evaluated by
ontologies and web services in a previous study. Collected FHx met criteria from seven groups: Gene Mutation,
Breast and Ovarian, Li-Fraumeni syndrome (LFS), Colorectal and Endometrial, Relative Meets Criteria, ACMG Only
Criteria, and NCCN Testing. CPG Criteria were coded and matched across 12 ACMG sub-guidelines and 6 NCCN sub-
guidelines for comparison purposes.

Results: The dataset contains 4915 records, of which 2221 met either ACMG or NCCN criteria and 2694 did not.
There was significant overlap—1179 probands met both ACMG and NCCN criteria. The greatest similarities were for
Gene Mutation and Breast and Ovarian criteria and the greatest disparity existed among Colorectal and Endometrial
criteria. Only 156 positive gene mutations were reported and of the 2694 probands who did not meet criteria,
90.6% of them reported at least one cancer in their personal or family cancer history.

Conclusion: Hereditary cancer CPGs are useful for identifying patients at risk of developing cancer based on FHx.
This comparison shows that with the aid of chatbots, ontologies, and web services, CPGs can be more efficiently
applied to identify patients at risk of hereditary cancer. Additionally this comparison examines similarities and
differences between ACMG and NCCN and shows the importance of using both guidelines when evaluating
hereditary cancer risk.
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Background
Family health history indicates risk for hereditary cancer
Family health history (FHx) is an effective tool for identi-
fying individuals at risk for hereditary cancer [1–3]. An
estimated 5–10% of all cancers are hereditary and

individuals with a hereditary cancer syndrome are often
at risk of developing cancer at a young age and more
than one type [4–6]. Despite FHx being an effective way
to estimate a patient’s risk of developing hereditary can-
cer, this important information is often not collected by
clinicians resulting in many patients not being referred
for genetic counseling. As many as 50% of patients with
accurate FHx highly suggestive of hereditary risk for
breast and ovarian cancer syndrome (HBOC) or Lynch
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syndrome (LS) are not being referred for genetic coun-
seling [7, 8]. Additionally, an estimated 20% of primary
care patients have family histories that indicate increased
risk of developing a hereditary cancer [5, 9]. To improve
overall cancer outcomes for patients and their families, it
is important to conduct an effective evaluation of heredi-
tary cancer clinical practice guidelines (CPG). The Na-
tional Comprehensive Cancer Network (NCCN) and the
American College of Medical Genetics and Genomics
(ACMG) have each curated sets of CPGs based on FHx
designed to support medical professionals in assessing
FHx risk for hereditary cancer [10–12]. Each criterion in
a CPG establishes thresholds based on elements of a pa-
tient’s FHx, such as number and types of cancers and
their age of onset, to determine whether or not an indi-
vidual is at risk of developing hereditary cancer and
should consider receiving genetic counseling. Unfortu-
nately, referral rates are low for cancer genetic consulta-
tions because providers lack training and confidence in
assessing FHx for hereditary cancer risk [4, 13, 14]. Add-
itionally, hereditary cancer CPGs are complicated and
frequently updated. Another obstacle is that providers
have insufficient time to collect and analyze FHx during
a patient visit [15, 16].

Collecting and evaluating patient FHx using chatbots,
APIs, and ontologies
In 2019 we deployed an ad campaign which invited users
to engage with a user-friendly chatbot designed to collect
patient FHx. It reached over 14,000 participants, a quar-
ter of which completed a full FHx [17]. The results dem-
onstrated that chatbots are an effective tool for collecting
FHx and that there is an interest in the population for
understanding hereditary cancer risk. The chatbot eases
the burden of collecting patient data associated with
traditional surveys and webforms by allowing users to
engage with a human-like texting interface. However,
collecting FHx is only half the task and evaluating CPG
criteria for FHx is challenging and time-consuming. On-
tologies and web application programming interfaces
(APIs) are used to assess patient FHx by formalizing the
CPG criteria and providing access to them Ritchie JB, et
al: Enabling Patients to Receive Clinical Practice Guide-
line Recommendations for Hereditary Cancer Risk Using
Chatbots, Family History, Application Programming In-
terfaces (API), Ontologies, and Owlready2: System De-
scription, under review. CPG criteria have two crucial
information components: logical and clinical. Logical in-
formation, such as how many cancers run in a family
and the age of onset for meeting a criteria, describe the
thresholds that a patient’s FHx must meet in order to
warrant a recommendation to consider genetic counsel-
ing. Clinical information, such as disease factors and dis-
tinguishing between different cancer subtypes,

determines which thresholds are and are not met by a
patient’s FHx. Ontologies are designed to represent this
kind of knowledge in a machine-readable format so that
the logical and clinical elements of CPG criteria can be
understood together and interpreted by the computer.
The chatbot can send a patient’s FHx to the ontology
through web APIs, which apply CPG criteria and return
the appropriate recommendations. Recommendations
returned to the patient can also be sent to their provider
to determine whether a cancer genetic consultation
should be considered. Chatbots combined with web-
based, ontology-oriented programming not only provide
patients access to understanding CPG criteria and the
implications they might have for their health with re-
spect to cancer, but also can alleviate the strain on clini-
cians to collect and analyze FHx during patient visits.
This study reports on referral recommendations for

4915 users who completed the ItRunsInMyFamily chat-
bot workflow and received a recommendation to con-
sider a genetics consultation (positive screen) or not
(negative screen) based on CPG criteria [17]. The pri-
mary aim of this report is to understand how many of
these 4915 patients met criteria, which criteria they met,
how many received recommendations to receive a cancer
genetic consultation, what types of cancers they had, and
which genetic mutations were reported. For probands
who screen negative, we also report those with a history
of cancer in their family. The secondary aim of this study
is to provide a side-by-side comparison of ACMG and
NCCN hereditary cancer CPGs with respect to the col-
lected patient FHx. Characterizing the patients who en-
gaged the chatbot and collected their FHx demonstrates
the utility of chatbots, ontologies, and web services in
assessing hereditary cancer risk. Comparing ACMG and
NCCN highlights agreement and disparity between the
two CPGs as well as provides insight into the percent-
ages and types of cancer criteria that are met by the
patients.

Methods
Data collection and analysis
In November 2019, Welch et al. ran an online marketing
campaign that ultimately collected FHx for 4915 users
[17]. The majority of users during this campaign were
40–59 year old women and about half reported European
ancestry. On average, patients had just under 20 family
members in their family history. Welch et al. provide an
in-depth analysis of the patient cohort including lifestyle
(smoking, alcohol consumption, etc.), screening (mam-
mogram, colonoscopy, etc.), and other personal and fam-
ily health history metrics. In the present study, we
considered only patients whose full FHx had been col-
lected and performed descriptive analysis in Google
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Sheets to compare the frequency and type of criteria met
for ACMG and NCCN CPGs.
We used criteria from the ACMG 2015 guideline; the

Genetic/Familial High-Risk Assessment: Breast and
Ovarian, Version 1.2020; and the Genetic/Familial High-
Risk Assessment: Colorectal Version 3.2019, NCCN
Clinical Practice Guidelines in Oncology [10–12]. Not all
criteria represented in the ontology are included in this
analysis—just those met by patients based on their FHx.
To compare and evaluate criteria from both ACMG

and NCCN guidelines, we coded and numbered the cri-
teria met by probands for each guideline included in the
hereditary cancer ontology used to assess FHx. For the
purposes of this paper, we divided each guideline into
sub-guidelines to enable comparison of similar sets of
criteria. ACMG criteria from 12 sub-guidelines—Syndro-
mePatient, Brain, Breast, Ovarian, Colorectal, Endomet-
rial, Leukemia, Gastric, Prostate, Melanoma, Thyroid,
and AtRiskFDR—and NCCN criteria from six sub-
guidelines—CRIT1, CRIT4, HRS3, POLYP1, LS1, and
GENE1—were met by patients. Individual criteria are
coded based on the sub-guidelines they are from and the
order of their sequence in said sub-guideline e.g.
Breast.01, Breast.02 for the first two criteria in the
ACMG Breast sub-guideline. The SyndromePatient sub-
guideline criteria refer to patients with a positive per-
sonal or familial gene mutation and AtRiskFDR sub-
guideline criteria refer to patients at risk because a family
member meets ACMG criteria. CRIT1, CRIT4, and
GENE1 are sub-guidelines of the NCCN Genetic/Famil-
ial High-Risk Assessment: Breast, Ovarian, and Pancre-
atic guideline and include criteria covering breast cancer,
ovarian cancer, pancreatic cancer, positive gene muta-
tions, LFS, and risk conveyed by FDRs who meet criteria.
HRS3, POLYP1, and LS1 are sub-guidelines of the
NCCN Genetic/Familial High-Risk Assessment: Colorec-
tal guideline and include criteria covering colorectal can-
cer, endometrial cancer, polyps, and LS.
Figure 1 maps coded criteria from ACMG and

NCCN guidelines that are either word for word the
same or include the same clinical elements with
slightly different thresholds. ACMG Breast.07, Colo-
rectal.07, Leukemia.02, and Brain.03 represent ACMG
LFS criteria and are each mapped to the correspond-
ing group of NCCN LFS criteria CRIT4.02–06. Cri-
teria in ACMG and NCCN with no sufficiently similar
counterpart in the other CPG are mapped to No
Match. We grouped matching or similar criteria into
the following groups: Gene Mutation; Breast and
Ovarian; LFS, Colorectal and Endometrial; Relative
Meets Criteria; ACMG Thyroid, Gastric, Melanoma,
Prostate (TGMP); and NCCN Testing (Fig. 2). In
many cases, a criterion was common across both
guidelines. By matching similar criteria across ACMG

and NCCN into specific groups, we were able to com-
pare patients who met criteria from one, both, or nei-
ther guideline.

Results
Of the patients who engaged with the chatbot to collect
their FHx, 4915 completed the chatbot workflow and re-
ceived a risk assessment report. Of these, 2221 (45.2%)
met ACMG or NCCN criteria for a genetic cancer con-
sultation referral and 2694 (54.8%) did not meet criteria.
Twenty-four percent (1179/4915) met both ACMG and
NCCN criteria for a genetic cancer consultation. Only
765 (15.6%) met NCCN criteria and not ACMG criteria
while 277 (5.6%) patients met AMG criteria and not
NCCN criteria.
Probands who met criteria often met criteria from

more than one sub-guideline. Figure 2 shows the main
overlaps among several of the different groups of guide-
line criteria we studied. Not all overlapping criteria
groups could be displayed because the full set of overlap-
ping CPGs was impossible to render as a Venn diagram.
Instead, homologous criteria groups for both CPGs were
intersected, and all groups were intersected with NCCN
testing. The majority of probands who met criteria that
recommended genetic counseling from either ACMG or
NCCN met an NCCN criteria that recommended genetic
testing as well (1957/2221; 88%). Tables 1 and 2 contain
the codes, criteria text, and the number of probands that
met individual criteria and overall sub-guidelines.
Of the 4915 patients who entered their FHx, 1969

(40.1%) met NCCN criteria of which 1957 (99.4%) met
NCCN Testing criteria, 204 (10.4%) patients met Breast,
Ovarian, and Pancreatic CRIT1, 47 (2.4%) met Breast,
Ovarian, and Pancreatic CRIT4, and 563 (28.6%) met
Colorectal HRS3. The 12 patients who met NCCN cri-
teria but did not receive a recommendation for genetic
testing had already reported a positive genetic mutation
in their family and therefore did not receive a recom-
mendation for testing per NCCN guidelines. However,
they did receive a recommendation to consider a cancer
genetic consultation per ACMG and NCCN. Of the 1969
patients who met NCCN criteria, a total of 1662 (84.4%)
had FHx that met NCCN criteria for counseling or test-
ing, and 833 (42.3%) had personal cancer history that
met NCCN criteria for counseling or testing. Twenty-
eight percent of the 1969 patients who met NCCN cri-
teria had personal and FHx that met NCCN criteria for
genetic counseling or testing.
Nearly a third of the 4915 patients who collected their

FHx—1456 (29.6%)—met ACMG criteria for a cancer
genetics consultation. ACMG has criteria only for cancer
genetic consultations and none for genetic testing. Of
the 1456 patients who met ACMG criteria, 308 (21.2%)
met criteria for ACMG breast and ovarian, 65 (4.5%)
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Fig. 1 Criteria map. ACMG coded criteria mapped to NCCN coded criteria based on similar or matching clinical information and thresholds.
Criteria codes are named for the sub-guideline they come from and the order with which they appear in the sub-guideline e.g. ACMG Breast.01 is
the first criteria in the breast cancer sub-guideline in ACMG and CRIT1.01 is the first criterion in the breast, ovarian, and pancreatic guidelines sub-
guideline CRIT1 in NCCN. ACMG (American College of Medical Genetics and Genomics); NCCN (National Comprehensive Cancer Network)

Ritchie et al. Hereditary Cancer in Clinical Practice           (2021) 19:31 Page 4 of 12



met ACMG criteria for colorectal and endometrial, 50
(3.4%) met ACMG LFS-related criteria, and 68 (4.7%)
met ACMG criteria for gastric, melanoma, prostate, or
thyroid cancer. Nearly 90% (1306/1456; 89.7%) had FHx
sufficient to warrant a recommendation for a cancer gen-
etic consultation and 545 (37.4%) had sufficient personal
cancer history to warrant a recommendation for a cancer
genetic consultation. Just over 15 % (225/1456; 15.5%)
had both personal and FHx sufficient to meet criteria for
a cancer genetic consultation recommendation.
Additionally, of the 4915 patients who collected their

FHx, 156 (3.2%) patients met both the NCCN and
ACMG criteria for receiving a genetic counseling recom-
mendation based on reported positive genetic test results
in their FHx. In total, 621 (12.6%) genetic test results
were reported. Personal genetic tests accounted for 258
(41.5%) of those of which 60 (23.3%) were positive test

results, 160 (62.0%) were negative test results, and 38
(14.7%) were test results where the patient reported hav-
ing a test but did not indicate the result. Genetic tests
for 363 (363/621; 58.5%) family members accounted for
the rest with 132 (36.4%) positive test results, 129
(35.5%) negative test results, and 102 (28.1%) unknown
test results. Twenty (3.2%) probands reported a personal
genetic test result and a genetic test result for a family
member; and 8 (1.3%) probands reported a personal gen-
etic test result and genetic test results for two or more
family members.
Of the 2694 patients who did not meet CPG criteria,

2440 (90.6%) had at least one cancer in their FHx. Of
those 554 (22.7%) patients had one cancer in their family,
691 (28.3%) had two cancers, 521 (21.4%) had three, 325
(13.3%) had four, 176 (7.2%) had five, 97 (4.0%) had six,
43 (1.8%) had seven, and 33 (1.4%) had eight or more

Fig. 2 Venn diagram of probands who met criteria.This Venn diagram displays analogous ACMG and NCCN criteria groups met by probands. The
relative size of each circle represents the number of probands who met criteria in the respective group. TGMP (thyroid, gastric, melanoma,
prostate); LFS (Li-Fraumeni syndrome); ACMG (American College of Medical Genetics and Genomics); NCCN (National Comprehensive
Cancer Network)
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Table 1 NCCN coded criteria

Code Criteria Totals

Gene Mutation (CRIT1,
CRIT4)

156

CRIT1.01 Individuals with any blood relative with a known pathogenic/likely pathogenic variant in a cancer
susceptibility gene

156

CRIT4.01 Individual from a family with a known TP53 pathogenic/likely pathogenic variant 15

Breast, Ovarian and
Pancreatic (CRIT1)

202

CRIT1.02 Breast cancer dx at age ≤ 45 70

CRIT1.06 Breast cancer dx at age ≤ 60 y with triple-negative breast cancer 17

CRIT1.04 Breast cancer dx at age 46-50y with a second breast cancer dx at any age 1

CRIT1.07 Breast cancer dx at any age with Ashkenazi Jewish ancestry 7

CRIT1.08 Breast cancer dx at any age with ≥1 close blood relative with breast cancer at age ≤ 50 y or ovarian
pancreatic or metastatic or intraductal prostate cancer at any age

49

CRIT1.09 ≥3 total diagnoses of breast cancer in patient and/or close blood relatives 72

CRIT1.05 Breast cancer dx at age 46-50y with ≥1 close blood relative with breast, ovarian, pancreatic, or high-grade
(Gleason score≥ 7) or intraductal prostate cancer at any age

17

CRIT1.10 Diagnosed at any age with male breast cancer 1

CRIT1.11 Epithelial ovarian cancer (including fallopian tube cancer or peritoneal cancer) at any age 38

CRIT1.14 High-grade (Gleason score≥ 7) prostate cancer with Ashkenazi Jewish ancestry 2

Li-Fraumeni Syndrome
(CRIT4)

47

CRIT4.02 Individual diagnosed at age < 45 y with Non Ewing Sarcoma AND a first degree relative diagnosed at age <
45 y with cancer AND an additional first- or second-degree relative in the same lineage with cancer diag-
nosed at age < 45 yor a sarcoma at any age

2

CRIT4.03 Individual with a tumor from LFS tumor spectrum (eg soft tissue sarcoma, osteosarcoma, CNS tumor, breast
cancer, adrenocortical carcinoma) before 46 y of age AND at least one first- or second-degree relative with
any of the aforementioned cancers (other than breast cancer if the proband has breast cancer) before the
age of 56 y or with multiple primaries at any age

34

CRIT4.04 Individual with multiple tumors (except multiple breast tumors)two of which belong to LFS tumor spectrum
with the initial cancer occurring before the age of 46 y

9

CRIT4.05 Individual with adrenocortical carcinoma or choroid plexus carcinoma or rhabdomyosarcoma of embryonal
anaplastic subtype at any age of onset regardless of family history

1

CRIT4.06 Breast cancer before 31 y of age 10

Colorectal and Endometrial
(HRS3)

563

HRS3.02 Colorectal or endometrial cancer diagnosed < 50 y 59

HRS3.04 An individual with colorectal or endometrial cancer and≥ 1 first-degree or second-degree relative with LS-
related cancer diagnosed < 50 y

17

HRS3.07 ≥1 first-degree relative with colorectal or endometrial cancer and another synchronous or metachronous LS-
related cancer

90

HRS3.08 ≥2 first-degree or second-degree relatives with LS-related cancers including ≥1 diagnosed < 50 y 296

HRS3.09 ≥3 first-degree or second-degree relatives with LS-related cancers regardless of age 160

HRS3.03 An individual with colorectal or endometrial cancer and another synchronous or metachronous LS-related
cancer

6

HRS3.05 An individual with colorectal or endometrial cancer and≥ 2 first-degree or second-degree relative with LS-
related cancers regardless of age

10

HRS3.06 ≥1 first-degree relative with colorectal or endometrial cancer diagnosed < 50 y 174

Relative meets criteria
(CRIT1)

1662

CRIT1.17 An affected or unaffected individual with a first- or second-degree blood relative meeting any of the NCCN
Genetic/Familial High-Risk Assessment: Breast Ovarian and Pancreatic personal risk criteria from CRIT-1

1662
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cancers in their FHx. Other cancers accounted for ap-
proximately half of the cancers reported by probands
who had cancer in their family but did not meet criteria.
However, as the number of cancers in the family in-
creased for probands who did not meet criteria, the total
number of probands decreased (Fig. 3d) indicating that
families with higher instances of cancer are more likely
to meet criteria despite reporting ‘other’ cancer types. Of
the 2221 patients who did meet CPG criteria, 133 (6.0%)
had one cancer in their family, 369 (16.6%) had two can-
cers, 439 (19.8%) had three, 415 (18.7%) had four, 283
(12.7%) had 5, 221 (10.0%) had 6, 141 (6.3%) had 7, and
218 (9.8%) had eight or more cancers in their FHx (Fig.
3). Breast cancer accounted for the largest proportion of
cancers for which CPG criteria was implemented regard-
less of the number of cancers in the family. There were
four probands with one ‘other’ cancer in their family
who met criteria because a family member reported a
positive cancer gene mutation. More families with three
or fewer cancers did not meet CPG criteria than those
that did, and more families with four or more cancers
met criteria than those that did not (Fig. 3).

Discussion
Using a chatbot, web APIs, and hereditary cancer ontol-
ogies, we collected complete FHx for 4915 probands and
coded and analyzed the hereditary cancer CPG criteria
they met from ACMG and NCCN. Collecting FHx for
at-risk patients and applying hereditary cancer guidelines
allowed us to examine performance of ACMG and
NCCN in identifying patients at risk and highlight im-
portant differences and similarities among them (Fig. 2).
Genetic Mutation, Breast and Ovarian, and LFS guideline
criteria groups for ACMG and NCCN captured similar
sized sets of probands. Genetic Mutation criteria was
exactly the same for ACMG and NCCN and therefore
captured identical sets of probands. ACMG captured a
moderately larger set of probands than NCCN for Breast
and Ovarian criteria and the set of probands who met
NCCN Breast and Ovarian criteria were almost

completely subsumed by the set of probands who met
ACMG Breast and Ovarian criteria. LFS criteria captured
similar-sized sets of probands for both guidelines but
had less overlap than did Breast and Ovarian criteria.
Probands who met Colorectal and Endometrial criteria
had the greatest disparity. NCCN Colorectal and Endo-
metrial guideline criteria captured a much larger set of
probands and almost completely subsumed the set of
probands who met the analogous ACMG criteria. NCCN
had no analog to ACMG Thyroid, Gastric, Melanoma, or
Prostate cancer criteria and NCCN alone had genetic
testing criteria which vastly subsumed the majority of
probands who met ACMG or NCCN criteria.

Guideline comparison
ACMG and NCCN share overlap in guideline criteria
with minor differences. The biggest difference between
the two is ongoing updates for NCCN whereas ACMG
was published in 2015 and has not been revised since.
Additionally, ACMG includes criteria for a number of
cancers that NCCN does not. These differences are
strengths and weaknesses that influence how effectively
the guidelines identify patients at risk. Frequent updates
to NCCN keep the guideline criteria current, and ACMG
catches patients at risk for cancers that NCCN does not
publish criteria for. Together they balance each other in
providing the best indication of risk for a patient based
on their FHx.

Breast and ovarian
Not surprisingly, the criteria groups with the most con-
gruent criteria were Breast and Ovarian cancer (Fig. 1).
ACMG and NCCN each had a single criterion for Ovar-
ian, which, though worded differently, effectively states
that any history of personal or familial ovarian, fallopian
tube, or peritoneal cancer meets the criterion. Breast
cancer criteria had very close mapping between ACMG
and NCCN. Primary differences were in the thresholds
and cancers that made up the logical component of the
criteria. The differences that resulted in notable

Table 1 NCCN coded criteria (Continued)

Code Criteria Totals

NCCN testing (LS1, POLYP1,
GENE1)

1957

LS1.02 Meets HRS-3 criteria but no known pathogenic/likely pathogenic variant in proband or family 562

POLYP1.03 No known pathogenic variants in any polyposis gene in family and meets POLYP1.01 criteria 47

GENE1.01 Meets NCCN Genetic/Familial High-Risk Assessment: Breast Ovarian and Pancreatic criteria from CRIT-1, CRIT-2,
CRIT-4, or CRIT-5 and familial pathogenic/likely pathogenic variant known

96

GENE1.02 Meets NCCN Genetic/Familial High-Risk Assessment: Breast Ovarian and Pancreatic criteria from CRIT-1, CRIT-2,
CRIT-4, or CRIT-5 but no known familial pathogenic/likely pathogenic variant

1606

These are the criteria included in the hereditary cancer ontology used to evaluate FHx from NCCN that at least one proband met. Each section (Gene Mutation,
LFS, Colorectal and Endometrial, Relative meets criteria, and NCCN testing) groups related criteria together. For each criterion in a section the total number of
probands who met that criteria are recorded. Given that a proband can meet more than one criteria, the section totals are the total number of probands who met
at least one criteria from the criteria in that section
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disagreement between guidelines include an earlier age
of onset of breast cancer ≤45 in NCCN vs ≤50 in ACMG
(CRIT1.01 vs Breast.01) accounting for 20 extra pro-
bands meeting ACMG criteria. The biggest difference is
accounted for by ACMG Breast.05 (compare with NCCN
CRIT1.05, 07, and 08) which says ≥3 cases of breast,
ovarian, pancreatic, and/or aggressive prostate cancer in

close relatives including the patient. The analogous
NCCN Breast and Ovarian guideline criteria include age
of onset restrictions, which significantly restrict the win-
dow for meeting the criteria (CRIT1.08–09) (Table 1).
Additionally, NCCN restricts the set of cancers required
to meet the criteria, resulting in fewer probands meeting
the criteria (CRIT1.09) and accounting for why ACMG

Table 2 ACMG coded criteria

Code Criteria Totals

Gene Mutation 156

ACMGSyndromePatient Has known mutation in cancer susceptibility gene 156

Breast and Ovarian 308

Breast.01 Breast cancer dx at age≤ 50 90

Breast.02 Triple-negative breast cancer dx at age ≤ 60 17

Breast.03 ≥2 primary breast cancers in the same person 3

Breast.04 Ashkenazi Jewish ancestry and breast cancer at any age 7

Breast.05 ≥3 cases of breast, ovarian, pancreatic, and/or aggressive prostate cancer in close relatives including the
patient

202

Breast.13 Single case (male breast cancer) present 1

Ovarian.01 Single case (ovarian, fallopian tube, or primary peritoneal cancer) present in the patient or a FDR 38

Li-Fraumeni Syndrome 50

Breast.07 Breast cancer and one additional LFS tumor in the same person or in two relatives one dx at age≤ 45 39

Colorectal.07 Colorectal cancer and one additional LFS tumor in the same person or in two relatives one dx at age ≤ 45 11

Leukemia.02 Leukemia and one additional LFS tumor in the same person or in two relatives one dx at age≤ 45 1

Brain.03 Brain tumor and one additional LFS tumor in the same person or in two relatives one dx at age ≤ 45 2

Colorectal and
Endometrial

65

Colorectal.01 Colorectal cancer dx at age < 50 21

Endometrial.01 Endometrial cancer dx at age < 50 39

Colorectal.02 Colorectal cancer dx at age ≥ 50 if there is a FDR with colorectal or endometrial cancer at any age 4

Endometrial.02 Endometrial cancer dx at age≥ 50 if there is a FDR with colorectal or endometrial cancer at any age 1

Colorectal.03 Synchronous or metachronous colorectal or endometrial cancers in the same person 1

Endometrial.03 Synchronous or metachronous colorectal or endometrial cancer in the same person 1

Colorectal.05 Colorectal cancer and two additional cases of any LS-associated cancer in the same person or in close relatives 2

Endometrial.05 Endometrial cancer and 2 additional cases of any LS-associated cancer in the same person or in close relatives 9

Relative meets criteria 1306

ACMGAtRiskFDRPatient First degree relative (mother father or sibling) meets risk criteria 1306

Remaining ACMG 68

Gastric.02 ≥2 cases of gastric cancer one dx at age < 50 in close relatives 9

Gastric.04 ≥3 cases of gastric cancer in close relatives 1

Melanoma.02 ≥3 cases of melanoma and/or pancreatic cancer in close relatives 3

Prostate.02 ≥2 cases of prostate cancer dx at age ≤ 55 in close relatives 1

Thyroid.01 Medullary thyroid cancer 11

Thyroid.04 Papillary thyroid cancer (cribriform-morular variant) 46

These are the criteria included in the hereditary cancer ontology used to evaluate FHx from ACMG that at least one proband met. Each section (Gene Mutation,
LFS, Colorectal and Endometrial, Relative meets criteria, and Remaining ACMG) groups related criteria together. For each criterion in a section the total number of
probands who met that criteria are recorded. Given that a proband can meet more than one criteria, the section totals are the total number of probands who met
at least one criteria from the criteria in that section
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captured approximately 100 more probands than NCCN.
Despite this difference, the Breast and Ovarian guideline
criteria still bore the closest resemblance in content and
thresholds other than the Gene Mutation guideline
criteria.

LFS
LFS guideline criteria identified similar-sized sets of pa-
tients but had less overlap than Breast and Ovarian cri-
teria. The lack of overlap makes sense because the LFS
criteria between ACMG and NCCN guidelines had the
least in common in terms of wording and structure in
their respective CPGs. LFS criteria from ACMG come
from four separate sub-guidelines—Breast, Colorectal,
Leukemia, and Brain—and all have the same text with
the respective cancer substituted in. The NCCN CRIT4
sub-guideline is dedicated to LFS and has highly specific
sets of criteria that cover all LFS cancers. Despite these
differences, the sets of criteria displayed considerable
overlap in their respective sets of probands.

Colorectal and endometrial
Sets of probands identified by the Colorectal and
Endometrial guideline criteria represented the greatest
disparity in size between ACMG and NCCN. Like
Breast and Ovarian, the Colorectal and Endometrial
criteria for NCCN and ACMG were similar in word-
ing and structure with a few exceptions that account
for the large difference in the number of probands
captured by these criteria (Fig. 1) (Tables 1 and 2).
HRS3.06, which states: ≥1 first-degree relative with
colorectal or endometrial cancer diagnosed < 50 y, has
no analog in ACMG and accounts for 174 probands
that meet NCCN Colorectal and Endometrial criteria.
ACMG Colorectal and Endometrial criteria 02–03
have age of onset and range of family member restric-
tions that significantly affect the number of probands
that meet the criteria. Comparatively, analogous
NCCN criteria, HRS3.04 and HRS3.07, have looser re-
strictions on age of onset and an expanded range of
family members who can meet the criteria

Fig. 3 Probands who met or do not meet criteria by cancer frequency. a–b Shows the proportions of cancer types by the number of cancer
diagnoses within individual family histories that did and did not meet criteria. c–d Shows the total number of cancer diagnoses for each
corresponding cancer count for all family histories in that category
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respectively. The looser thresholds for these NCCN
criteria account for almost 100 probands who meet
criteria compared to less than 10 probands who meet
analogous ACMG criteria. Probands met twice as
many LS associated criteria in NCCN (HRS3.03, 05,
08, and 09) than they did in ACMG (Colorectal.05
and Endometrial.05). Additionally, NCCN LS criteria
had lighter restrictions on cancers and a wider range
of relatives that contributed to the logical thresholds
required to meet criteria, resulting in over 400 pro-
bands who met NCCN criteria compared to about 10
probands who met analogous ACMG criteria (Tables
1 and 2). These two sets of Colorectal and Endomet-
rial criteria from ACMG and NCCN demonstrate how
very small changes in thresholds can have enormous
effects on which patients meet criteria and receive
recommendations to consider genetic counseling and
testing.

Thyroid, gastric, melanoma, and prostate
ACMG Thyroid, Gastric, Melanoma, and Prostate
(TGMP) sub-guidelines have no obvious analog in
NCCN for the criteria we implemented. However, 69
probands met criteria from one of these four sub-
guidelines. The majority of them met Thyroid cancer
criteria for medullary or papillary thyroid cancer.
These cancers, and others, are less commonly focused
on in the hereditary cancer guidelines but should not
be forgotten.

NCCN testing
The vast majority of patients who met either ACMG or
NCCN criteria for genetic counseling also received a
genetic testing recommendation from NCCN. It should
be noted that ACMG did not have analogous genetic
testing recommendations, only counseling. Importantly,
less than one-tenth (156/2221; 7.0%) of patients who met
criteria for hereditary cancer risk had received a genetic
test. This statistic underscores the urgency for more ef-
fectively identifying those at risk for cancer based on
FHx.

Screened negative but had family history of cancer
The relatively high prevalence of cancers designated
as “other” in this set of probands makes sense because
these cancers would have little impact when evaluat-
ing guidelines for specific hereditary cancers. Indeed
the guideline criteria from either ACMG or NCCN
can say little about a family’s hereditary cancer risk
based on, for example, two unknown cancer diagnoses
in family members. The logical components of the
CPGs are ineffective without the clinical components
provided by the patient. Probands with breast cancer,
colorectal cancer, and/or melanoma account for the

next largest trends of probands with cancer prevalent
in their FHx that did not meet CPG criteria. For fam-
ilies with large numbers of cancer for which specific
guideline criteria are implemented, either age of onset
was too great or cancers were shared across both
sides of the family in such a way as to fail to meet
criteria.

Limitations and future directions
This study shows that FHx can be collected with user-
friendly chatbots and that web services can provide ac-
cess to risk assessment based on CPG criteria. We had a
high screen positive rate of 45.2% which was likely due
to participation bias. The dataset utilized here was col-
lected via an ad campaign [17] and focused primarily on
middle-aged women. Therefore, the results are skewed
towards cancers more commonly found in women from
that age group.
Eligibility for genetics consultation and meeting clin-

ical practice criteria are not perfectly aligned. The pri-
mary purpose of this study was to determine the
criteria met and the patterns of cancer in patients
who recorded their FHx. There very likely are patients
who do not strictly meet criteria but are probably eli-
gible for genetic consultation and testing. However,
evaluating the suitability of the clinical practice guide-
lines for accurately identifying the patients who are
eligible for counseling and testing lies outside the
scope of this study. Furthermore, not every sub-
guideline and criteria from ACMG and NCCN was
implemented and not every implemented sub-
guideline and criteria is represented in this analysis.
Because the primary aim of this study was to demon-
strate the feasibility of automating application of CPG
criteria to probands with potential risk of hereditary
cancer conveyed by reported FHx, only the sub-
guidelines and criteria that probands met were in-
cluded in the analysis. Therefore, the criteria met by
probands reflects the demographic surveyed by skew-
ing towards cancers most common in middle-aged
women.

Conclusion
The primary aim of this research study was to dem-
onstrate the feasibility of automating hereditary cancer
risk assessment using chatbots, ontologies, and web
services by comparing patients who participated and
the CPG criteria they met. These results show heredi-
tary cancer CPGs can be automated using chatbots
and ontology-driven risk assessment. Additionally, the
secondary aim of this research study was to provide a
side-by-side comparison for ACMG and NCCN her-
editary cancer CPGs. ACMG and NCCN Breast and
Ovarian guideline criteria are the most similar across
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all criteria we compared, with the exception of the
Gene Mutation criteria, which is an exact match.
Colorectal and Endometrial guideline criteria have the
greatest disparity in the number of probands who met
these criteria, showing that despite their similar word-
ing and structure, small changes to thresholds—in-
cluding cancers and the range of family members the
criteria apply to—can vastly affect the number of pa-
tients who meet criteria and receive recommendation
to consider genetic counseling/testing consultation.
Overall, probands who met criteria generally met
more than one and often met criteria from multiple
sub-guidelines within ACMG and NCCN.
Identifying patients who meet criteria from these

guidelines is challenging and nuanced, but with the help
of technological solutions, this burden can be lifted from
off the shoulders of frontline care providers. More effi-
cient and effective identification of patients who should
consider genetic counseling and testing consultations
will lead to earlier interventions and preventive measures
that can improve outcomes among individuals at risk for
hereditary cancer.

Abbreviations
FHx: Family health history; HBOC: Hereditary breast and ovarian cancer
syndrome; LS: Lynch Syndrome; CPG: Clinical practice guidelines;
NCCN: National Comprehensive Cancer Network; ACMG: American College of
Medical Genetics and Genomics; API: Application programming interface;
TGMP: Thyroid, gastric, melanoma, and prostate

Acknowledgements
Alexander V. Alekseyenko: PhD, FAMIA, Medical University of South Carolina.
Brian Dean: MS, PhD, Clemson University.
Chanita Hughes-Halbert: PhD, Medical University of South Carolina.
Federico Iuricich: PhD, Clemson University.

Authors’ contributions
JR: Study conception and design, performed data collection and analysis,
major contributor to writing the manuscript. CB: Study design, data
interpretation, major contributor to writing the manuscript. CA: Study
conception, manuscript editor. LF: Study conception, data interpretation. HM:
Study design, data collection, created data collection software. JS: Study
design, data interpretation. BW: Study design, data interpretation, manuscript
editor. The authors read and approved the final manuscript.

Funding
This work was supported by the National Institutes of Health CA211786,
CA239867.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Jordon B Ritchie: None.
Cecelia Bellcross: None.

Caitlin G. Allen: None.
Lewis Frey: None.
Heath Morrison: Co-founder, shareholder ItRunsInMyFamily.com
Joshua D Schiffman: Co-founder, shareholder ItRunsInMyFamily.com
Brandon M Welch: Co-founder, shareholder ItRunsInMyFamily.com

Author details
1Medical University of South Carolina, 22 WestEdge St, Ste 200, Charleston,
SC 29403, USA. 2Emory University, Atlanta, USA. 3ItRunsInMyFamily.com,
Charleston, SC, USA. 4University of Utah, Salt Lake City, USA.

Received: 9 March 2021 Accepted: 28 June 2021

References
1. Doerr M, Teng K. Family history: still relevant in the genomics era. Cleve Clin

J Med. 2012;79(5):331–6. https://doi.org/10.3949/ccjm.79a.11065.
2. Guttmacher AE, Collins FFS, Carmona RH. The family history-more important

than ever. N Engl J Med. 2004;351(22):2333–6. https://doi.org/10.1056/
NEJMsb042979.

3. Do CB, Hinds DA, Francke U, Eriksson N. Comparison of family history and
SNPs for predicting risk of complex disease. PLoS Genet. 2012;8(10):
e1002973.

4. Sussner KM, Jandorf L, Valdimarsdottir HB. Educational needs about cancer
family history and genetic counseling for cancer risk among frontline
healthcare clinicians in new York City. Genet Med. 2011;13(9):785–93.
https://doi.org/10.1097/GIM.0b013e31821afc8e.

5. Frezzo TM, Rubinstein WS, Dunham D, Ormond KE. The genetic family
history as a risk assessment tool in internal medicine. Genet Med. 2003;5(2):
84–91. https://doi.org/10.1097/01.GIM.0000055197.23822.5E.

6. Riley BD, Culver JO, Skrzynia C, Senter LA, Peters JA, Costalas JW, Callif-Daley
F, Grumet SC, Hunt KS, Nagy RS, McKinnon WC, Petrucelli NM, Bennett RL,
Trepanier AM Essential elements of genetic cancer risk assessment,
counseling, and testing: updated recommendations of the National Society
of genetic counselors. J Genet Couns 2012;21(2):151–161, 2, DOI: https://doi.
org/10.1007/s10897-011-9462-x.

7. Meyer LA, Anderson ME, Lacour RA, Suri A, Daniels MS, Urbauer DL, et al.
Evaluating women with ovarian cancer for BRCA1 and BRCA2 mutations:
missed opportunities. Obstet Gynecol. 2010;115(5):945–52. https://doi.org/1
0.1097/AOG.0b013e3181da08d7.

8. Bellcross CA, Kolor K, Goddard KAB, Coates RJ, Reyes M, Khoury MJ.
Awareness and utilization of BRCA1/2 testing among U.S. primary care
physicians. Am J Prev Med. 2011;40(1):61–6. https://doi.org/10.1016/j.
amepre.2010.09.027.

9. Murff HJ, Spigel DR, Syngal S. Does this patient have a family history of
cancer? An evidence-based analysis of the accuracy of family cancer history.
JAMA. 2004;292(12):1480–9. https://doi.org/10.1001/jama.292.12.1480.

10. Hampel H, Bennett RL, Buchanan A, Pearlman R, Wiesner GL, Guideline
Development Group, American College of Medical Genetics and Genomics
Professional Practice and Guidelines Committee and National Society of
Genetic Counselors Practice Guidelines Committee. A practice guideline
from the American College of Medical Genetics and Genomics and the
National Society of genetic counselors: referral indications for cancer
predisposition assessment. Genet Med. 2015;17(1):70–87. https://doi.org/10.1
038/gim.2014.147.

11. Provenzale D, Gupta S, Ahnen DJ, Bray T, Cannon JA, Cooper G, et al.
Genetic/familial high-risk assessment: colorectal version 1.2016, NCCN
clinical practice guidelines in oncology. J Natl Compr Cancer Netw. 2016;14
(8):1010–30. https://doi.org/10.6004/jnccn.2016.0108.

12. Daly MB, Pilarski R, Axilbund JE, Berry M, Buys SS, Crawford B, et al. Genetic/
familial high-risk assessment: breast and ovarian, version 2.2015. J Natl
Compr Cancer Netw. 2016;14(2):153–62. https://doi.org/10.6004/jnccn.2016.
0018.

13. Levy DE, Garber JE, Shields AE. Guidelines for genetic risk assessment of
hereditary breast and ovarian cancer: early disagreements and low
utilization. J Gen Intern Med. 2009;24(7):822–8. https://doi.org/10.1007/s11
606-009-1009-6.

14. Vig HS, Armstrong J, Egleston BL, Mazar C, Toscano M, Bradbury AR, et al.
Cancer genetic risk assessment and referral patterns in primary care. Genet
Test Mol Biomarkers. 2009;13(6):735–41. https://doi.org/10.1089/gtmb.2009.
0037.

Ritchie et al. Hereditary Cancer in Clinical Practice           (2021) 19:31 Page 11 of 12

http://itrunsinmyfamily.com
http://itrunsinmyfamily.com
http://itrunsinmyfamily.com
https://doi.org/10.3949/ccjm.79a.11065
https://doi.org/10.1056/NEJMsb042979
https://doi.org/10.1056/NEJMsb042979
https://doi.org/10.1097/GIM.0b013e31821afc8e
https://doi.org/10.1097/01.GIM.0000055197.23822.5E
https://doi.org/10.1007/s10897-011-9462-x
https://doi.org/10.1007/s10897-011-9462-x
https://doi.org/10.1097/AOG.0b013e3181da08d7
https://doi.org/10.1097/AOG.0b013e3181da08d7
https://doi.org/10.1016/j.amepre.2010.09.027
https://doi.org/10.1016/j.amepre.2010.09.027
https://doi.org/10.1001/jama.292.12.1480
https://doi.org/10.1038/gim.2014.147
https://doi.org/10.1038/gim.2014.147
https://doi.org/10.6004/jnccn.2016.0108
https://doi.org/10.6004/jnccn.2016.0018
https://doi.org/10.6004/jnccn.2016.0018
https://doi.org/10.1007/s11606-009-1009-6
https://doi.org/10.1007/s11606-009-1009-6
https://doi.org/10.1089/gtmb.2009.0037
https://doi.org/10.1089/gtmb.2009.0037


15. Rich EC, Burke W, Heaton CJ, Haga S, Pinsky L, Short MP, et al. Reconsidering
the family history in primary care. J Gen Intern Med. 2004;19(3):273–80.
https://doi.org/10.1111/j.1525-1497.2004.30401.x.

16. Hamilton AB, Oishi S, Yano EM, Gammage CE, Marshall NJ, Scheuner MT.
Factors influencing organizational adoption and implementation of clinical
genetic services. Genet Med. 2014;16(3):238–45. https://doi.org/10.1038/
gim.2013.101.

17. Welch BM, Allen CG, Ritchie JB, Morrison H, Hughes-Halbert C, Schiffman JD.
Using a Chatbot to assess hereditary Cancer risk. JCO Clin Cancer Inform.
2020;4:787–93. https://doi.org/10.1200/CCI.20.00014.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ritchie et al. Hereditary Cancer in Clinical Practice           (2021) 19:31 Page 12 of 12

https://doi.org/10.1111/j.1525-1497.2004.30401.x
https://doi.org/10.1038/gim.2013.101
https://doi.org/10.1038/gim.2013.101
https://doi.org/10.1200/CCI.20.00014

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Family health history indicates risk for hereditary cancer
	Collecting and evaluating patient FHx using chatbots, APIs, and ontologies

	Methods
	Data collection and analysis

	Results
	Discussion
	Guideline comparison
	Breast and ovarian
	LFS
	Colorectal and endometrial
	Thyroid, gastric, melanoma, and prostate
	NCCN testing
	Screened negative but had family history of cancer
	Limitations and future directions

	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

