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Abstract

Background and objective

The revised World Health Organization classification of 2016 for myeloid neoplasms and

acute leukemia added a section of myeloid neoplasms with germline predisposition. The

main objective of our study was to evaluate the frequency of hematologic and solid malig-

nancies in the family history of patients with acute myeloid leukemia (AML) by using a sys-

temic pedigree interview. The family history was taken of 50 patients between 24 and 80

years.

Findings

8/50 (16%) patients with AML had family members with hematologic malignancies. 2/50

(4%) patients had family members of first degree with hematologic malignancies. Further-

more in 42/50 (84%) of AML patients solid malignancies were documented in family mem-

bers of any degree and in 31/50 (62%) in family members of first degree. The most

commonly occurring malignancies in our cohort were breast and colorectal cancer. We ana-

lyzed the pedigrees for cancer syndromes that can be associated with acute leukemia like

Li-Fraumeni syndrome, Lynch syndrome and hereditary breast cancer. 2/50 (4%) patients

fulfilled the criteria for familial breast and ovarian cancer from the German consortium and 1/

50 (2%) patients fulfilled the Bethesda Guidelines criteria for hereditary nonpolyposis colo-

rectal cancer. No pedigree met the criteria for Li-Fraumeni syndrome. In 29 cases we com-

pared the patient history obtained in the routine work-up with our data. The accuracy of the

obtained family history was 23%, outlining that in the clinical routine information about family

histories often escapes notice.
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Conclusion

Our study shows that though generally considered a sporadic disease, the presence of

hematologic and solid malignancies in the family history of AML patients is relatively high.

One should keep in mind that cancer syndromes like hereditary breast cancer are associ-

ated with a higher incidence of leukemia. These data are relevant in the context of family

donor search for allogeneic stem cell transplantation, genetic counseling and testing as well

as cancer prevention.

Introduction

Myeloid neoplasms have long been considered to be sporadic diseases. In recent studies it

could be demonstrated that there are several germline mutations that lead to a familial predis-

position for acute myeloid leukemia (AML) and myelodysplastic syndrome (MDS) [1–3].

Many germline mutations are already defined, for example germline mutations in the RUNX1,

CEBPA and GATA2 gene. These findings have led to the implementation of a new category in

the revised World Health Organization (WHO) classification of 2016 for myeloid neoplasms

and acute leukemia namely myeloid neoplasms with germline predisposition as well as in the

recent European Leukemia Network (ELN) classification named familial myeloid neoplasms.

[4, 5]

Nevertheless, familial cases of AML and MDS are only seldom encountered in the clinical

routine and the question remains if there are a relevant number of unidentified cases as the

family histories were not taken elaborately enough.

The family history is an integral part of the patient history of cancer patients. The American

Society of Clinical Oncology recommends as minimum family history for individuals with

cancer to obtain information about first and second-degree relatives both on maternal and

paternal sides, ethnicity, age at cancer diagnosis and type of primary cancer for each cancer

case in the family. Moreover the minimum adequate cancer family history should encompass

results of any cancer predisposition testing in any relative. This information should be taken at

diagnosis and updated in the follow-up. [6]

There are several cancer syndromes that can be associated with the occurrence of leukemia,

like Fanconi anemia [7]. For our cohort we focused on cancer syndromes that predispose for

breast cancer and colon cancer, as they are two of the most frequent cancer entities and also

most common in the pedigrees of our patients. Therefore we evaluated our data for the criteria

for hereditary breast cancer with BRCA1 or BRCA2 mutations [8–10], Lynch syndrome/

Lynch-mimic-syndrome [11–13] and Li-Fraumeni syndrome [14].

The aim of our study was to investigate the frequency of AML patients with a positive fam-

ily history for hematologic and solid malignancies treated in our clinical center. Moreover we

wanted to compare the accuracy of the family history obtained at initial admission in the clini-

cal routine with our results.

Materials and methods

From January 2016 until September 2017 we asked 50 unselected AML patients (de-novo-

AML and secondary AML) older than 18 years to take approximately 30 minutes to obtain a

detailed family cancer history. All patients were treated in our clinical center and signed

informed consent. A comprehensive at least three-generation pedigree was obtained as broad
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as it was remembered by the patient. First-degree family relationships were parents, siblings

and children. Second-degree relationships were uncles/aunts, nephews/nieces, grandparents/

grandchildren and half-siblings and third-degree relationships were cousins. The definition of

family relationship grades was applied according to the American Society of Oncology. [6]

The pedigrees encompassed 3 to 5 generations and 6 to 47 family members per pedigree.

Additionally a standardized questionnaire [S1 Questionnaire] was handed out to the patient

before obtaining the pedigree. In this questionnaire, specific questions concerning blood

count changes, bleeding disorders and skin disorders in family members are listed, as these

symptoms can hint to a familial predisposition for myeloid malignancies. [15]

All patients with an indication for a familial cancer predisposition were recommended to

undergo genetic counseling and to suggest genetic counseling to their next of kin.

To evaluate how many families met the criteria for hereditary breast cancer and lynch syn-

dromes, we applied the Bethesda or Amsterdam criteria for HNPCC and criteria for genetic

testing of the German Consortium for familial breast cancer. [16–18]

Of the 50 patients in our study, 44 patients were initially diagnosed in our center and we

were able to review the patients’ medical chart at initial admission. From 7 patients no patient

history was taken at first admission due to intensive care admission or instable conditions and

in 8 cases no family history was documented in the initial workup. Subsequently we compared

the family history documented at initial admission with the obtained three-generation pedi-

grees of this study in 29 cases. Only 28% (8/29) of the family histories documented using the

standard patient history form were completely accurate compared with the pedigree we

obtained for this study.

The data were analyzed in a double pseudo-anonymized manner and statistical calculations

were acquired with SPSS. Inclusion criteria were patients with diagnosis of AML, informed

patient consent, sufficient German language skills, no cognitive deficits and an inpatient stay

in the normal ward of our department for hematology and oncology. Changes in blood count

were not defined as hematologic malignancies but classified as an own category.

The Ethics Committee of the University of Munich/LMU approved this study, which was

performed according to the Declaration of Helsinki.

Results

We analyzed the pedigrees of 50 AML patients from 24 to 80 years. Median age was 59.5 years,

32% of the patients were female. 72% of the patients were diagnosed with de-novo AML. Sec-

ondary AML arising from a myelodysplastic or myeloproliferative syndrome was diagnosed in

28% of the patients. [Table 1]

8/50 (16%) patients had family members with hematologic malignancies. [Table 2, Fig 1]

One patient had two family members affected with hematologic malignancies. There was one

case of Langerhans cell histiocytosis, one case of Burkitt lymphoma, one case of secondary

AML, 4 cases of non-specified leukemia and 2 cases of non-specified lymphoma. 2/50 (4%)

patients reported hematologic malignancies (secondary AML and non-specified leukemia) in

one of their first-degree relatives (parents, children, siblings). Two patients had each a family

member with known alterations in blood counts (platelets or white blood cells).

20/50 (40%) patients have a normal karyotype AML. Of these 20 patients 2 (14%) have

AML with biallelic CEBPA mutation. This is a known mutation in familial AML cases. How-

ever, both patients with biallelic CEPBA AML in our cohort do not show a higher cancer risk

in their family history.

As the recent ELN classification of 2017 [5] has added RUNX1 and TP53-mutated AML to

the adverse risk group, routine diagnostics for these genes were performed for patients first
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diagnosed after January 2017. In our study group 15 patients were diagnosed after this date. Of

these 15 AML patients one patient has a TP53-mutated AML (7%) without any known malig-

nancies in his family and two patients have a RUNX1-mutated AML (14%) of which one

patient has a second grade family member with a lymphoma.

In Fig 2, the simplified pedigree of a AML patient with one first grade family member who

had a hematologic malignancy and another first grade family member with a suspected hema-

tologic malignancy is shown.

84% (42/50) of the patients had relatives with solid malignancies. [Table 2, Fig 3]. 5 AML

patients had one first-degree relative with colon cancer, 7 patients had at least one first-grade

relative with breast cancer, of which in one case a patient had 3 first-degree relatives with

breast cancer. 4 patients had at least one first-grade relative with lung cancer.

One patient met the Bethesda criteria for HNPCC and two patients fulfilled the criteria for

recommendation of genetic testing for hereditary breast cancer in their families.

In Fig 4 the simplified pedigree of a male AML patient who meets the criteria for familial

breast cancer is shown.

In a review article by Churpek et al. the authors suggest that patients with AML should be

referred for comprehensive cancer risk assessment if the following criteria apply: A family

Table 1. Clinical and genetic characteristics of 50 AML patients.

Characteristic Value

Total 50 (100%)

Sex

male 34 (68%)

female 16 (32%)

Median Age 59.5 years

Age Groups

20–30 4 (8%)

30–40 6 (12%)

40–50 6 (12%)

50–60 9 (18%)

60–70 16 (32%)

70–80 8 (16%)

80–90 1 (2%)

Diagnosis

De novo AML 36 (72%)

Secondary AML 14 (28%)

Normal karyotype AML 20 (40%)

AML with biallelic CEBPA (only tested in patients with normal karyotype

AML)

2 out of 20

RUNX1 and TP53 analysis according to ELN 2017 classification 15 (30%)

RUNX1 mutated AML 2 out of 15

TP53 mutated AML 1 out of 15

Hematologic malignancy Not including blood count

changes

Any Family member 8 (16%)

1st grade relative 2 (4%)

Solid malignancy

Any family member 42 (84%)

1st grade relative 31 (62%)

https://doi.org/10.1371/journal.pone.0215453.t001
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Table 2. Analysis of family history in 50 patients with acute myeloid leukemia.

Pat Sex Age at initial

diagnosis in

decade

Diagnosis hematologic disease in

family history, kinship

degree, sex

solid malignancy in

family history, kinship

degree, sex

Accuracy compared with

family history at admission at

initial diagnosis

Inclusion Criteria for HNPCC

or BRCA Testing or cancer risk

assessment�

1 f 60–70 sAML - 1) colon cancer, first

degree, m

not obtained

2 m 50–60 sAML - - complete

3 m 60–70 sAML A)langerhans-cell

histiocytosis, second

1) renal cancer, first, m Initial diagnosis in external

hospital

cancer risk assessment

2) colon cancer, first, f

3) stomach cancer,

second, m

4 m 50–60 AML A) sAML, first, f 1)urogenital cancer, first,

m

incomplete:

B), 1) missing

cancer risk assessment

B)blood count changes,

first,f

5 m 60–70 AML - 1)pancreatic cancer, first,

m

incomplete:

3) missing

2) cervical cancer, first, f

3) cervical cancer, second,

f

6 m 50–60 AML - 1) lung cancer, first, f initial diagnosis in external

hospital

7 f 60–70 AML - 1) breast cancer, first, f NA

8 m 40–50 AML - 1) colon cancer, first, m complete

9 f 30–40 AML - 1) breast cancer, second, f complete

2) ENT cancer, second, m

10 m 70–80 AML - 1) colon cancer, second, f incomplete:

1) missing

11 m 70–80 sAML - 1) colon cancer, first, f no patient history (ICU) HNPCC Amsterdam II criteria

2) colon cancer, second, f

3) stomach cancer,

second, m

4) stomach cancer,

second, f

12 f 70–80 AML - 1) brain tumor, first, f incomplete:

2) missing2) colon cancer, third, m

13 m 70–80 sAML - 1) prostate cancer, first, m no patient history (ICU)

2)unspecified cancer,

third, m

14 m 60–70 sAML - 1) breast cancer, first, f incomplete:

2), 3) missing2)unspecified cancer,

second,m

3)unspecified cancer,

second, f

15 m 20–30 AML - 1) breast cancer, first, f complete

16 m 70–80 sAML - - complete

17 m 70–80 sAML - 1) lung cancer, first, f incomplete:

1) missing

18 m 60–70 sAML - 1) testicular cancer, first,

m,

incomplete:

2) missing

2) colon cancer, second, f

(Continued)
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Table 2. (Continued)

Pat Sex Age at initial

diagnosis in

decade

Diagnosis hematologic disease in

family history, kinship

degree, sex

solid malignancy in

family history, kinship

degree, sex

Accuracy compared with

family history at admission at

initial diagnosis

Inclusion Criteria for HNPCC

or BRCA Testing or cancer risk

assessment�

19 f 30–40 AML A)leukemia/lymphoma,

second,f

1) testicular cancer, first,

m

incomplete:

A), B) missing

B) Burkitt lymphoma,

third, m

2) lung cancer, second, f

- 3) lung cancer, second, f

20 m 60–70 AML - 1) cervical cancer, first, f not obtained

2) stomach cancer, first,

m

3) renal cancer, second, f

21 f 40–50 AML - 1) lung cancer, second, m incomplete:

1), 2) missing2)unspecified cancer,

second, f

22 f 50–60 AML A) lymphoma, second, f 1) lung cancer, first, m no patient history (ICU) cancer risk assessment

2) lung cancer, first, m

3) cervical cancer, first, f

4) breast cancer, second, f

23 m 60–70 AML - 1)urogenital cancer,

second, f

complete

24 m 30–40 AML - 1) colon cancer, second, f incomplete:

1) missing

25 m 40–50 AML - 1) prostate cancer, first, m not obtained

26 f 30–40 AML - - not obtained

27 m 40–50 AML A)blood count changes,

first, m

1) renal cancer, first, m incomplete:

A) missing

cancer risk assessment

2) brain tumor, first, m

28 f 60–70 sAML - - complete

29 f 70–80 AML - 1) ENT tumor, first, f complete

2) breast cancer, first, f

3) colon cancer, second, f

4) breast cancer, second, f

30 f 60–70 AML - 1) liver cancer, first, m incomplete:

1) missing

31 m 40–50 AML - 1) colon cancer, first, f no patient history (ICU)

2)unspecified cancer,

second, f

32 m 60–70 AML - 1)unspecified cancer,

first, m

not obtained

33 f 20–30 AML - 1) breast cancer, second, f incomplete:

1), 2) missing

BRCA testing indicated

2) prostate cancer,

second, m

3) breast cancer, second, f

4)urogenital cancer,

second, f

34 f 30–40 AML - 1) bladder cancer, second,

m

incomplete:

1) missing

35 m 50–60 sAML - 1)pancreatic cancer, first,

f

incomplete:

1), 2), 3) missing

2) prostate cancer, first, m

3) lung cancer, second, m

(Continued)
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Table 2. (Continued)

Pat Sex Age at initial

diagnosis in

decade

Diagnosis hematologic disease in

family history, kinship

degree, sex

solid malignancy in

family history, kinship

degree, sex

Accuracy compared with

family history at admission at

initial diagnosis

Inclusion Criteria for HNPCC

or BRCA Testing or cancer risk

assessment�

36 m 20–30 AML - 1) bone cancer, second, m initial diagnosis in external

hospital

37 m 50–60 AML - 1) ENT tumor, first, m discrepant

38 m 40–50 AML - 1) brain tumor, first, f incomplete:

2), 3), 4) missing2) breast cancer, second, f

3)unspecified cancer,

second, m

4)unspecified cancer,

second, f

5) prostate cancer,

second, m

39 m 80–90 AML - 1)pancreatic cancer, first,

f

incomplete:

1) missing

2) breast cancer, first, f

40 m 70–80 AML - 1) stomach cancer,

second, m

discrepant

2) stomach cancer,

second, m

41 m 50–60 AML - - not obtained

42 f 60–70 sAML - - initial diagnosis in external

hospital

43 m 60–70 AML A) leukemia, first, f - initial diagnosis in external

hospital

44 f 50–60 sAML A) leukemia, second, f 1)urogenital cancer, first,

m

initial diagnosis in external

hospital

45 f 30–40 AML - 1) colon cancer, second, f no patient history

46 m 20–30 AML - - no patient history

47 m 60–70 sAML - 1) lung cancer, first, m not obtained

2)unspecified cancer,

first, f

48 m 60–70 AML A) leukemia, second, m 1) skin cancer, first, f incomplete:

A), 1), 3), 4) missing

cancer risk assessment

2)urogenital cancer, first,

f

3) breast cancer, first, f

4) breast cancer, second, f

49 m 50–60 AML A) leukemia, second, f 1)breast/urogenital

cancer,

first, f

incomplete:

A), 1), 4), 5) missing

BRCA testing indicated

cancer risk assessment

2) breast cancer, first, f

3) breast cancer, first, f

4) colon cancer, second,

m

5) colon cancer, second,

m

50 m 60–70 AML - 1) lung cancer, second, m Incomplete:

1) missing

m male, f female, AML de-novo AML, sAML secondary AML, NA not available

�cancer risk assessment as suggested by Churpek et al.[15]

https://doi.org/10.1371/journal.pone.0215453.t002
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history of MDS/AML or aplastic anaemia, early onset cancers of any type, multiple close rela-

tives with cancer and/or a personal or family history of low blood counts, bleeding diathesis,

skin or nail abnormalities, unexplained liver disease, pulmonary fibrosis or alveolar proteino-

sis, limb anomalies, lymphedema or immune deficiencies/atypical infections. [15]

When applying these criteria to our 50 AML patients and defining the criteria of “multiple

close relatives with cancer” as more than 2 family members of first degree with cancer, then 6

of 50 (12%) patients fulfil these and should be referred for comprehensive cancer risk

assessment.

None of the 50 patients in our cohort reported a family member with a known hemophilia,

von Willebrand disease or other clinical relevant bleeding disorder.

Fig 1. Frequency of hematologic malignancies in family history of 50 AML patients.

https://doi.org/10.1371/journal.pone.0215453.g001

Fig 2. Schematic pedigree of AML patient with affected first degree family members.

https://doi.org/10.1371/journal.pone.0215453.g002
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We were able to analyze 29 pairs of family histories taken at first admission in our center in

clinical routine compared with the pedigrees of this study. 28% (8/29) percent of the pairs

were completely identical in regard to information about hematologic and solid malignancies

in the family. In two cases the information was discrepant, of which in one case the tumor type

was discrepant and in the other case the information about a solid cancer in a first-degree rela-

tive was not mentioned in the study pedigree, but two solid cancer cases in second-degree rela-

tives, that were not mentioned in the clinical routine family history. Regarding the family

histories of the 4 patients with hematologic malignancies in the family and a comparable

Fig 3. Frequency of solid malignancies in family history of 50 AML patients.

https://doi.org/10.1371/journal.pone.0215453.g003

Fig 4. Schematic pedigree of AML patient with high risk constellation for familial breast cancer.

https://doi.org/10.1371/journal.pone.0215453.g004
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family history at initial admission, only in one patient was the information of the hematologic

malignancy obtained. In the other three patients, though a family history was obtained, the

information about hematologic malignancies in the family was missed.

Discussion

The aim of obtaining the family history of oncological patients is to identify patients with a

genetic predisposition or patients at risk of second malignancies. The method of a pedigree

interview is easy to apply, but typically taking 15–30 minutes it is not always feasible in the rou-

tine clinical practice. [19]

Missing information on families with a genetic tumor predisposition can prevent adequate

counseling. Furthermore it can delay the search for a stem cell donor for allogeneic stem cell

transplantation or even lead to the choice of a family donor with a possible germline

predisposition.

In the clinical routine it is not always possible to take a detailed and thorough family his-

tory, for example due to lack of time, or because of cognitive deficits of the patient. The mini-

mum family history should however encompass the cancer type and age at diagnosis of all

first-degree (parents, children, siblings) and second-degree (grandparents, grandchildren,

uncles, aunts, nieces, nephews, half-siblings) relatives with differentiation in maternal and

paternal lineage as recommended for all cancer patients by the American Society of Clinical

Oncology. [6] If possible, third-degree family members should also be included to provide a

better overview of the family history.

Genetic predisposition to myeloid neoplasms [1, 20, 21, 22, 23] becomes more and more

important to the clinician and more focus and emphasis must be put in taking the patient’s full

history including a detailed family history at first admission, as this might have consequences

for the patient and his family in screening family members for possible stem cell donations.

Also, if the family history results in a suspected familial predisposition for hematologic disor-

ders and other cancer syndromes, a human genetic counseling should be strongly recom-

mended to the patient.

Our data suggest that the frequency of hematologic disorders in families of patients with

myeloid neoplasms is higher than seen in the clinical routine. Of 50 AML patients 16% have at

least one family member with a hematologic malignancy and 4% report an affected first grade

relative. Furthermore we found solid malignancies in family members of first degree in 62% of

the 50 AML patients.

Of note, in our cohort of 50 patients we identified two AML patients without history of

breast cancer who met the criteria for hereditary breast cancer in their families. Especially in

male family members of such families sometimes the indications for this cancer predisposition

can be overseen, as they only seldom show the classic entities. Therefore especially in male

AML patients with breast cancer in the family one should be careful to consider germline

BRCA mutations as BRCA1 and BRCA2 mutations predispose to an increased risk for a broad

spectrum of cancers, especially stomach, pancreas, prostate and colon cancer, but can also be

associated with a higher occurrence of leukemia [8].

Moreover we identified one AML patient who met the Bethesda guidelines criteria for

HNPCC in his family. There are several reported families with mismatch repair deficiency syn-

drome that show a predisposition to develop hematologic malignancies, often in childhood.

[11, 24] These findings show that when obtaining the family history of hematologic patients

there should also be a clinical awareness for these cancer syndromes, as it is relevant for genetic

counseling and preventive measures as well as for a potential stem cell family donor search.

Frequency of malignancies in the family history of 50 patients with acute myeloid leukemia
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Another interesting finding in our study was that the accuracy of the family history taken at

first admission in the chart review compared with the pedigree interview approach was only

28%. Our best explanation for this phenomenon is the thorough and time-intensive interview

in this study with approximately 30 minutes per patients exclusively for the family history,

which cannot be paralleled with the clinical routine.

In 7/37 (19%) of the medical charts a family cancer history was absent. A study of Carney

et al. compared the association between a documented family history of cancer and the fre-

quency of going to screening for breast and colorectal cancer. 44% percent of the charts of

female patients and 56% of the charts of male patients contained no documentation of a family

cancer history having been taken. Interestingly the absence of any recorded family cancer his-

tory was associated with a decreased likelihood for cancer screening. [25] Van Dijk et al. inves-

tigated the frequency of an adequate screening for HNPCC criteria by taking the family

history in patients with colorectal carcinoma. They screened the diagnostic work-up of 224

patients and found out that a complete family history was recorded for only 16%. [26]

A noteworthy study with a large cohort of 1112 patients with epithelial ovarian cancer

assessed the family history for breast and ovarian cancer found in the medical records. In 41%

of the patients, an adequate family history for breast and ovarian cancer was taken. Remark-

ably, in this study younger age, an academic hospital and having undergone surgery and/or

chemotherapy were factors associated with taking an adequate family history. In our study the

median age was 59.5, which might contribute to the smaller percentage of adequate family his-

tory found in the medical records at initial admission, also the aforementioned study only eval-

uated the family history for specific cancer types, not all malignancies. [27]

As concluded in an interesting study by Frezzo et al. that assessed the genetic family history

as a risk assessment tool in internal medicine, the use of the genetic three-generation pedigree

instead of the conventional medical history should be considered. [28]

In a Scottish study even in face to face interviews the accuracy of recalling and reporting a

complete and accurate family history of colorectal cancer in patients with this disease, a posi-

tive family history was significantly underreported compared to the data of the cancer registry.

This can lead to the assumption that there is a substantial high number of unreported cases of

positive family cancer history in the clinical routine. [29]

Son et al. were able to show that the accuracy of the pedigree and family cancer history

increases when patients are interviewed several times. [30] This emphasizes the point that in

cancer patients not only at the time of first diagnosis the family history is crucial but also

throughout the following time. [15]

We acknowledge some restrictions of this study. The data acquired in this study were based

on the patients’ recall of their family history leading to a recall bias.

Moreover a considerable number of patients were not able to remember neither the exact

type of the cancer nor the age at disease onset in their relatives. Also we did not compare the

family history in the chart of patients who were transferred to the stem cell transplantation

checkup examination, but only at initial admission or return visit to the normal ward.

Also there are so called cancer families with a high prevalence of malignant diseases among

family members, in which no inherited genetic mutations can be found. In these cases, extrin-

sic cancer risks, such as a shared environment or tobacco use are considered to be the cause.

[31]

This study was based on a relatively small number of patients. Investigating larger popula-

tions with molecular genetic information may lead to further information about the frequency

of cancer predisposition in AML patients. Genetic counseling was recommended to every

patient with indication for genetic risk as recommended by the ASCO guidelines [6], the
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uptodate guidelines on familial acute leukemia [32] and myelodysplastic syndromes as well as

the German guideline for genetic counseling by the German Society for Human Genetics. [33]

We are optimistic that in the future methods to acquire a thorough three generation family

history in an easy, quick and accessible manner, for example in digital format, can be imple-

mented in the broad clinical routine in oncologic care center. Several tools have already been

developed and used. [34] Also there are publicly available tools like My Family Health Portrait

for patients to draw their pedigree and learn about possible risks for common conditions. [35]

To the best of our knowledge, this is the first descriptive study to evaluate the frequency of

hematologic and solid malignancies in the family histories of AML patients. Taken together, in

the last years great progress has been made in the research of familial leukemia. This notion

has to successfully transfer to the clinical routine with a greater emphasis and focus on the

family history and comprehension of a pedigree interview in leukemia patients in order to rec-

ommend genetic counseling to patients at risk and to facilitate the search for possible stem cell

donors.
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ment of AML in adults: 2017 ELN recommendations from an international expert panel. Blood. 2017 Jan

26; 129(4):424–447. https://doi.org/10.1182/blood-2016-08-733196 PMID: 27895058

6. Lu KH, Wood ME, Daniels M, Burke C, Ford J, Kauff ND, et al. American Society of Clinical Oncology

Expert Statement: collection and use of a cancer family history for oncology providers. J Clin Oncol.

2014 Mar 10; 32(8):833–40. https://doi.org/10.1200/JCO.2013.50.9257 PMID: 24493721

7. Alter BP. Fanconi anemia and the development of leukemia. Best Pract Res Clin Haematol. 2014 Sep-

Dec; 27(3–4):214–21. https://doi.org/10.1016/j.beha.2014.10.002 PMID: 25455269

8. Friedenson B. BRCA1 and BRCA2 pathways and the risk of cancers other than breast or ovarian. Med-

GenMed. 2005; 7(2): 60. PMID: 16369438

9. Risch H, McLaughlin J, Cole D, Rosen B, Bradley L, Kwan E, et al. Prevalence and penetrance of germ-

line BRCA1 and BRCA2 mutations in a population series of 649 women with ovarian cancer. Am J Hum

Genet. 2001 Mar; 68(3):700–710. https://doi.org/10.1086/318787 PMID: 11179017

10. Mersch J, Jackson M, Park M, Nebgen D, Peterson SK, Singletary C, et al. Cancers Associated with

BRCA1 and BRCA2 Mutations other than Breast and Ovarian. Cancer. 2015 Jan 15; 121(2): 269–275.

https://doi.org/10.1002/cncr.29041 PMID: 25224030

11. Carethers JM, Stoffel EM. Lynch syndrome and Lynch syndrome mimics: The growing complex land-

scape of hereditary colon cancer. World J Gastroenterol. 2015 Aug 21; 21(31):9253–61. https://doi.org/

10.3748/wjg.v21.i31.9253 PMID: 26309352

12. Bansidhar BJ. Extracolonic manifestations of lynch syndrome. Clin Colon Rectal Surg. 2012 Jun; 25

(2):103–10. https://doi.org/10.1055/s-0032-1313781 PMID: 23730225

13. Bandipalliam P. Syndrome of early onset colon cancers, hematologic malignancies & features of neuro-

fibromatosis in HNPCC families with homozygous mismatch repair gene mutations. Fam Cancer. 2005;

4(4):323–33. https://doi.org/10.1007/s10689-005-8351-6 PMID: 16341812

14. Li FP, Fraumeni JF Jr, Mulvihill JJ, Blattner WA, Dreyfus MG, Tucker MA, et al. A cancer family syn-

drome in twenty-four kindreds. Cancer Res. 1988 Sep 15. 48(18):5358–62. PMID: 3409256

15. Churpek JE, Lorenz R, Nedumgottil S, Onel K, Olopade OI, Sorrell A, et al. Proposal for the clinical

detection and management of patients and their family members with familial myelodysplastic syn-

drome/acute leukemia predisposition syndromes. Leuk Lymphoma. 2013 Jan; 54(1):28–35. https://doi.

org/10.3109/10428194.2012.701738 PMID: 22691122

16. Vasen HF, Watson P, Mecklin JP, Lynch HT. New clinical criteria for hereditary nonpolyposis colorectal

cancer (HNPCC, Lynch syndrome) proposed by the International Collaborative group on HNPCC.

Gastroenterology. 1999; 116(6):1453–1456. PMID: 10348829

17. Umar A, Boland CR, Terdiman JP, Syngal S, de la Chapelle A, Rüschoff J, et al. Revised Bethesda

Guidelines for hereditary nonpolyposis colorectal cancer (Lynch syndrome) and microsatellite instabil-

ity. J Natl Cancer Inst. 2004 Feb 18; 96(4):261–8. PMID: 14970275
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