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Abstract

Constitutional MisMatch Repair Deficiency (CMMRD) is caused by homozygous or compound heterozygous germline
variants in one of the mismatch repair (MMR) genes (MSH2, MSH6, PMS2, MLH1). This syndrome results in early onset
colorectal cancer, leukemia and lymphoma, brain tumors and other malignancies. Children with CMMRD are at high risk of
developing multiple cancers and cancer surveillance does not guarantee detection of cancer at a curable stage. The
development of a preventive treatment strategy would be a major step forward. Long-term daily use of acetylsalicylic acid
(ASA) has been shown to reduce cancer risk in individuals with Lynch syndrome (LS). LS is caused by heterozygous
germline variants of MSH2, MSH6, PMS2 and MLHI and characterized by an increased risk of developing colorectal and
endometrial cancer at adult age. Here we discuss the potential use of ASA for cancer prevention in patients with CMMRD.

Clinical case

An eight-year-old boy was diagnosed with T-cell lympho-
blastic lymphoma and treated according to I-BFM Euro-LB-
02 protocol. Because the patient had numerous cafe-au-lait-
like spots, a clinical geneticist was consulted, who con-
sidered the diagnosis of constitutional mismatch repair
deficiency syndrome (CMMRD) and Neurofibromatosis
type 1. The diagnosis CMMRD was confirmed by the
identification of compound heterozygous variants (c.[137 G>T];
[247_250dup], p.[Ser46lle];[Thr84fs]) in the PMS2 gene
(NM_000535.5) in blood derived DNA. An intensive sur-
veillance program was started [1].
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The parents of the child suggested the use of acet-
ylsalicylic acid (ASA, aspirin) as a preventive drug for
colorectal cancer, based on studies in adult patients with
Lynch syndrome (LS), which is caused by heterozygous
mismatch repair (MMR) gene variants. In these studies
reductions in the incidence of colorectal cancer (CRC) are
described among chronic users of ASA with LS [2]. After
careful consideration with a multidisciplinary team con-
tinuous treatment with ASA at a dosage of 100 mg a day
was started at the beginning of the maintenance phase of
treatment for T-cell lymphoblastic lymphoma (consisting of
once weekly oral methotrexate (MTX) and once daily oral
6-mercaptopurine). On the day of MTX intake, no ASA was
given because of the potential interaction; i.e., ASA can
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lower the clearance of MTX and thus exacerbate its toxicity
[3]. Liver and kidney function was closely monitored. The
patient suffered from isolated testicular relapse of T-NHL
one year after start of maintenance therapy. There were no
other localizations of T-NHL at time of relapse. He received
reinduction chemotherapy followed by allogeneic bone
marrow transplantation of an HLA identical sibling. Cur-
rently he is alive and well and 3.7 years in second complete
remission. He is currently 5.5 years after start of ASA
without adverse events. Annual gastro duodenoscopy and
coloscopy showed no signs of (premalignant) gastro-
intestinal (GI) cancer.

The rationale for the use of ASA in patients with
CMMRD is that the drug may potentially reduce the cancer
risk outweighing possible ASA side effects. Due to small
numbers, a prospective study on the effects of ASA in
patients with CMMRD is unlikely. Here, we discuss the
potential of ASA for cancer prevention in CMMRD and
provide all available information for considering imple-
mentation in clinical practice.

CMMRD

CMMRD, a recessive pediatric cancer predisposition syn-
drome, has been first described in 1999 [4, 5]. Mainly three
types of malignancy characterize this syndrome: CRC,
leukemia and lymphoma and brain tumors. These cancers
occur in childhood or adolescence. If patients survive the
first cancer, they have a high chance of developing a second
or even a third malignancy. A variety of non-malignant
lesions have also been observed in CMMRD, such as hyper-
and hypo-pigmented lesions of the skin, mild immunoglo-
bulin deficiencies and rarely congenital malformations [1].

CMMRD is caused by homozygous or compound het-
erozygous germline variants in one of the DNA MMR
genes (i.e., MLHI, MSH2, MSH6, PMS?2). A list of known
disease-causing variants in these genes can be found in the
Leiden Open Variation Database (www.lod.nl). Congenital
deficiency of the MMR system in all cells of the body
explains the high cancer risk in these children and results in
ultra-hypermutated cancers [6]. In most cases both parents
of children with CMMRD carry a heterozygous germline
variant, which leads to the autosomal dominant condition
LS. The main clinical features of LS are adult onset CRC
and endometrial cancer, with an average age at diagnosis of
44-61 years for CRC and 48-62 years for endometrial
cancer in women [7]. In addition, LS patients are at an
increased risk of developing malignancies in the ovaries,
stomach, small intestines, urinary tract and sebaceous
glands [8]. Tumors that develop as a result of LS can
effectively be recognized by microsatellite instability (MSI).
MSI is a somatic accumulation of length variations in
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repetitive DNA sequences resulting from MMR deficiency
and is strongly correlated with the development of cancer in
LS patients [9].

Because of the large cancer risk in CMMRD, children with
this condition should follow an intensive surveillance program.
Durno et al. published the outcome of surveillance in two
sisters with CMMRD [10]. Fifteen cancers were detected over
a follow-up period of 10 years, including a jejunal carcinoma
and a small asymptomatic anaplastic astrocytoma that could be
completely resected. Recently, expert opinion based surveil-
lance guidelines were proposed by the European Consortium
‘Care for CMMRD’ and by the ‘US Multi-Society Task Force
on Colorectal Cancer’ [1, 11]. Structural data collection at an
international scale is needed to collect evidence on the effects
of this guideline on morbidity and survival. Bakry and col-
leagues have performed such a study. They followed 23 chil-
dren for a median period of 61 months and detected 39
malignant and premalignant lesions in total, including asymp-
tomatic malignant gliomas and GI carcinomas, suggesting that
surveillance in CMMRD may add to early detection [12].

Surveillance however does not guarantee the detection
of precancerous lesions or cancer at a curable stage. A
preventive treatment strategy with ASA would therefore be
a major step forward.

ASA for cancer prevention

ASA is known as an analgesic and anti-inflammatory drug.
The antiplatelet effects of ASA made the drug also suitable
for reducing vascular morbidity and mortality. Observa-
tional studies, across a range of cancer sites, revealed an
association between ASA use and reduced cancer incidence,
particularly for CRC and gastro-esophageal cancer [13, 14].
The first two randomized controlled trials on the effect of
ASA on risk of cancer as primary endpoint revealed
apparently negative findings [15, 16]. The first, the
Women’s Health Study (WHS) used every low dose aspirin
in unselected women and showed no effect at 10 years. The
second, discussed below, focused on Lynch syndrome
carriers and included 10 year blinded follow up in view of
early observational reports of delayed effect. At first follow
up, a greater than 50% reduction in colorectal and other
cancers was apparent.

Retracting of people who took part in the early trials of
aspirin as a cardiovascular protective drug revealed a major
reduction in CRC and other cancer mortality after 10 years
of follow-up [17, 18]. This prompted extended follow up of
the WHS, which revealed an 18% reduction in CRC beyond
the end of the trial [19]. ASA also has a positive influence
on the short-term risk of dying from cancer [20, 21]. These
and other findings suggest that ASA can potentially reduce
cancer growth and/or affect the development and spread of
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metastases. A thorough review of the association between
ASA, cancer prevention and cancer outcome is provided by
Langley and Rothwell [22].

ASA for cancer prevention in Lynch
syndrome

The CAPP2 study was designed to test the hypothesis that
the use of ASA in individuals with LS reduces the devel-
opment of CRC (as primary outcome) and other LS cancers
(as secondary outcome). Adult LS patients were rando-
mized to 600 mg of ASA (n=427) or placebo (n =434),
for up to 4 years. Overall, 48 participants were diagnosed
with CRC in the follow-up period. Of these, 18 received
ASA and 30 received placebo. These results showed a non-
significant effect favouring ASA (P = 0.12). However, sub-
group analysis suggests a delayed effect of ASA. For par-
ticipants completing >2 years of intervention, there was a
reduction in risk of CRC (hazard ratio=0.41, CI:
0.19-0.86, P=0.02) and a similar impact on overall
numbers of LS cancers. The key conclusion from this study
was, therefore, that taking 600 mg ASA daily for at least
two years results in a reduction of 63% in CRC in people
with LS, but this effect does not become apparent until
about 5 years from the beginning of the intervention. Lower
doses of ASA (100 and 300 mg daily) are now being
evaluated in the CAPP3 trial, with a non-inferiority design
and ASA 600 mg daily as the standard of care [23, 24].

Potential mechanisms of action

ASA belongs to the group of drugs called non-steroidal
anti-inflammatory drugs (NSAIDs) and acts via the inhibi-
tion of cyclooxygenase (COX) enzymes resulting in
decreased prostaglandin synthesis [25, 26]. One isoform of
COX, named COX-2, promotes cell proliferation and
inflammation [25, 27]. In CRC, overexpression of the COX-
2 enzyme is frequently observed [25, 28, 29]. CRC pre-
vention by ASA is mediated through various mechanisms,
including the inhibition of COX-2 and prostaglandin
synthesis, interfering in the host’s immune response and
through inactivation of platelets [30].

Prostaglandins can influence different immune pathways
and immunosuppression is observed in tissues where there
is a high prostaglandin E2 production, resulting in nega-
tively regulated T-cell proliferation, cytokine production,
and cytotoxicity potential [31]. It is therefore postulated that
ASA may enhance antitumor T-cell activity and influence
the degree of tumor-infiltrating lymphocytes. In a recent
study, using two prospective cohorts, regular ASA use
indeed lowered the risk of CRC with low numbers of tumor-

infiltrating lymphocytes, which seemed to be independent
of MSI status [32]. The mechanism might be that ASA,
either related or unrelated to the inhibition of pros-
taglandins, inhibits cancer development by restoring T-cell-
mediated antitumor immunity [33].

The antiplatelet effect of ASA can be a potential
mechanism of action in cancer prevention. The antith-
rombotic effect of aspirin is not dose related, an observation
consistent with saturability of platelet COX-1 inhibition by
aspirin at very low doses. Also for the cancer and adenoma
chemopreventive effect of aspirin saturability is observed at
low doses (75—100 mg taken daily or every other day) [19,
34, 35], suggesting that acetylation of platelet COX-1 is an
important mechanism of action of aspirin in preventing
There 1is increasing knowledge about the
interaction between platelets and T-cell immunity against
cancer. Platelets promote malignancy and resistance to
therapy by suppressing T-cell activation and function
[36-38]. A recent study shows that platelets downregulate
T-cell immunity, specifically CD4 4 and CD8 + T cells, via
transforming growth factor p (TGFp) and to a lesser extent
through lactate [38]. Platelets are an important source of
functional TGFp, systemically as well as in the tumor
microenvironment, primarily through the expression of the
cell surface TGFB-docking receptor Glycoprotein A Repe-
titions Predominant (GARP). Platelet-related TGFp activa-
tion contributes dominantly to the immunosuppressive
effect in cancer. This is supported by enhanced tumor-
specific T-cell immunity in mice with platelet-specific
deletion of GARP [38].

The mechanisms described above are hypothetical for CRC
in general. However, specific mechanisms of action affecting
microsatellite unstable cells is important for the cancer pre-
ventive function of ASA in LS. The DNA MMR pathway
recognizes and repairs nucleotide mispairs. Deficiency of this
system results in the accumulation of multiple secondary var-
iants that drive tumorigenesis. In tumor tissue of LS patients
this is displayed by MSI. In MMR-deficient human CRC cell
lines, it was shown that ASA appears to enhance apoptosis in
critically unstable cells and thereby suppresses the MSI mutator
phenotype [39, 40]. In other words: ASA might delete the
aberrant stem cells that are most likely to progress rapidly to
cancer. In vitro ASA has been shown to arrest CRC cells at the
G1/S checkpoint and to induce apoptosis through activation of
ATM, p21, and BAX [41].

cancer.

Adverse effects of ASA use in children

For obvious reasons adverse events of the drug, in particular
if used daily and long term, should be taken into account.
Indications for chronic ASA use in children are autoimmune
conditions like Kawasaki disease and rheumatologic
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disorders and for inhibition of platelet adhesiveness to
prevent thrombotic events.

A frequent side effect is an increased risk of bleeding
events. This is an important concern in young children who
are prone to falling and older children who participate in
contact sports. Very little data on the safety of antiplatelet
therapy for pediatric patients are available, and most of
what is practiced is based on adult studies. In one study
ASA therapy (a daily dose of 2-5 mg/kg for 3—6-months)
was monitored in children after international cardiac
catheterization. No major bleeding event (i.e., GI or intra-
cranial bleeding or bleeding requiring transfusion) was
observed. Still, 19% of children had minor bleeding
symptoms, and of those, the median age was significantly
lower than that of children without bleeding [42]. In the
CAPPI study children and adolescents from 10 to 21 years
of age with familial adenomatous polyposis (FAP) were
treated with 600 mg of ASA (max. 300 mg for those under
12 years). In this study, which did not reveal a significant
effect on polyp formation, no serious adverse effects were
recorded [2].

ASA use is also associated with upper GI side effects,
including peptic ulcers. Co-administration of a proton pump
inhibitor (PP]) is an effective therapy for the prevention or
relief of these ASA-induced side effects [43]. However,
chronic use of a PPI also has its risks, for example an
enhanced risk of chronic kidney disease and higher risk of
infectious complications due to removal of an acidic
environment and therefore natural barrier as defense against
pathogens [44, 45]. In the CMMRD case described above, it
was decided to prescribe a PPI to reduce the risk of potential
ASA side effects.

A very rare side effect of ASA in children is Reye’s
hepatic encephalopathy [46], an acute illness characterized
by encephalopathy and fatty degeneration of the liver.
Reye’s syndrome occurs almost exclusively in children with
an estimated incidence of 0.8/1,000,000 children [47]. The
precise cause of Reye’s syndrome is unknown, but the
condition is often preceded by an acute viral infection.
Rates of Reye’s syndrome fell dramatically following the
identification of ASA use as a risk factor and advisories
against use of ASA in febrile children [48-50]. A retro-
spective study of 26 survivors of Reye’s syndrome revealed
that the majority of the patients (n = 18, 69%) had various
metabolic disorders [51-53].

Children with CMMRD might be more prone to serious
adverse effects of ASA use because they are at risk for
bleeding events in cancerous lesions. This is not necessarily
detrimental for the patient, since fecal blood for instance can
trigger awareness for an internal colon carcinoma, i.e., a
carcinoma that has developed between two surveillance
colonoscopies. A hemorrhage in a brain tumor however, can
have serious complications.
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Overall, we conclude that the potential benefits of ASA
for children with CMMRD outweigh the almost negligible
chances of developing Reye’s syndrome. The bleeding risks
and GI side effects, however, should be taken into account
and may ask for behavioral changes or other preventive
strategies such as prescribing a PPI or monitoring of rele-
vant blood results. Side effects of ASA are in part dose-
dependent and, therefore, the lowest effective dose should
be administered.

Starting age

In observational studies, the protection against cancer in
regular ASA users took about ten years to emerge [14, 54].
This delayed effect is consistent with the hypothesis that
ASA has an effect on the early stages of carcinogenesis. A
still delayed, but considerably faster effect of ASA on the
incidence of CRC was observed in the CAPP2 study with
an effect becoming apparent 3—4 years from the start of
ASA intervention [2]. The authors stated that this difference
is consistent with faster colon cancer (CRC) development in
individuals with LS compared to sporadic CRC. If this
hypothesis can be extrapolated to CMMRD, an even faster
effect of cancer prevention by ASA would be expected in
children with CMMRD, based on the extreme pace at which
cancers develop in these children [6].

Given the apparent delay in the chemopreventive effect
of ASA and the young age at which cancers have been
observed in children with CMMRD, the optimum moment
to start treatment might be at birth or soon thereafter. This is
in conflict with the current clinical diagnostic criteria pos-
tulated by the European consortium Care for CMMRD [1].
These criteria are developed to detect CMMRD among
children who already did develop cancer and do not assist in
recognizing these children before they are affected by
cancer. If compelling evidence would be available for the
preventive potential of ASA in children with CMMRD, this
would justify to screen for CMMRD in all children with
multiple (>5) unexplained hyperpigmentations of the skin,
hence also in children without a malignancy. At present, we
advise considering administration of ASA as soon as
CMMRD is diagnosed. Genetic counselling and testing is
recommended for the extended family of a cancer patient
with CMMRD in order to identify additional variant carriers
who may benefit from this preventive strategy combined
with cancer surveillance.

Dose

Evidence is lacking for a dose-related effect of aspirin in
preventing cancer in patients with Lynch syndrome. In the
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CAPP2 study, 600 mg ASA was compared to placebo in an
adult study population [2]. Results of the CAPP3 study,
which compares the efficacy of 300 mg and 100 mg have
yet to be published, but also encompasses adult study par-
ticipants [23]. Choosing an appropriate dose in children is
challenging. ASA is well and almost fully absorbed after
oral administration in the proximal part of the duodenum.
After absorption it is transferred to salicylic acid in the liver
and to a lesser extent in plasma and erythrocytes. CYP2C9
and UGT1AG6 are the dominant metabolic pathways. Sal-
icylic acid and the metabolites are excreted by urine. Drug
clearance in pediatrics may be influenced by weight, age,
and protein binding (90-95% is protein bound). In addition
renal function may impact clearance of metabolites, but
how these factors interact is not easily determined.

As a consequence, the challenge lies in finding an
equivalent dose for pediatric patients that results in similar
exposure to adults assuming the pharmacodynamic effect in
children will be identical to that in adults. In children, ASA
is usually administered at a dose ranging from 2 to 10 mg/
kg/day; higher ASA doses are only used as anti-
inflammatory treatment for children with Kawasaki dis-
ease [55]. However, there are limitations to this model, such
as a nonlinear relationship between weight and drug elim-
ination. The linear per kilogram model, therefore, under-
estimates clearance and, consequently, maintenance dose in
children. An alternative approach is the allometric model, in
which an exponent of weight is used for scaling drug
clearance. This model disentangles size from age, allowing
a consistent approach to describing data in children and
adults [56]. We consider this model more appropriate to
determine the appropriate ASA dose in CMMRD children.

In the CAPP2 study in adults with LS, 600 mg ASA was
compared to placebo [2]. The key conclusion from this
study was that taking 600 mg ASA daily could lead to a
CRC reduction of 63%. Even after allometric scaling, an
adult dose of 600 mg leads to very high doses of ASA in
children; i.e., for a child of 10 kg a dose of 140 mg should
then be administered. This dosage is much higher than the
usual ASA dosage in, for example, Kawasaki disease.
Therefore, we advise using an allometric model for dose
calculation based on an adult dose of 300 mg, assuming a
body weight of 70 kg. Dose estimation will be influenced by
the outcome of the dose non-inferiority trial (CAPP3) [23].

Interactions with other drugs

Since CMMRD syndrome is often recognized in children
who were recently diagnosed with cancer, preventive
treatment with ASA may need to be considered while the
patient receives cancer chemotherapy. Chronic use of ASA
may therefore lead to important interactions with common

drugs used in cancer treatment. However, with low doses of
ASA, very few interactions have been reported.

Drug interactions can be categorized as either pharma-
cokinetic or pharmacodynamic. Pharmacokinetic interac-
tions involve for instance drug-metabolizing enzymes or
drug-transporters (42). Prostaglandin synthesis inhibitors,
and therefore also high doses of ASA, can potentially lower
the clearance of MTX and thus exacerbate its toxicity [3].
However, this has not been investigated in pediatric patients.
In the CMMRD case described above, it was decided to skip
ASA treatment on days of MTX treatment, as this will not
likely lower the overall preventive effect of ASA.

Pharmacodynamic interactions result from concomitant
administered drugs with similar toxicity profiles. This could
lead to identical side effects or opposing effects in which
case the overall effect is decreased or 'canceled out'. Phar-
macodynamic interactions with ASA, for example, involve
the combination with glucocorticoids, increasing the
potential for peptic ulcera and bleeding events [57]. Other
examples include the interaction with warfarin (coumarin
derivatives) or Direct Acting Oral AntiCoagulants, that
increase the risk of bleeding disorders, or the combination
with ibuprofen (NSAID), that diminishes the effect of ASA
[57, 58].

Drug—drug interactions from ASA with concomitant use
of oncolytic drugs in pediatric patients are not (yet)
described. Combination with other chemotherapy should be
carefully introduced and consulting a clinical pharmacist
might be considered.

Recommendations

Sufficient data to recommend the use of ASA as a pre-
ventive measure in patients with CMMRD is lacking. Here
we have provided all currently available information that is
needed to perform a risk-benefit analysis for application of
ASA in an individual patient with CMMRD. If ASA is
prescribed, families and physicians should be aware of the
potentially increased risk of hemorrhage (e.g., bleeding of
brain tumors). Data on the use of ASA and potential com-
plications should be made available to CMMRD registries.
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