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Introduction: Desmoid tumors are the main extraintestinal manifestation of FAP, presenting

high  morbidity and mortality. It is a neoplasia without metastasis capacity, but with infiltra-

tive growth and with a high rate of recurrence. In familial forms, these tumors are associated

with  a germinal mutation in the APC gene, with a genotype–phenotype correlation influ-

enced by other risk factors.

Materials and methods: A review of articles published since the year 2000 in Portuguese,

English or Spanish on desmoid tumors in patients with FAP was carried out. A total of

49  publications were included.

Results: The site of the mutation in the APC gene is related to the severity of FAP and to

the  frequency of desmoid tumor. Mutations located distally to codon 1309 are associated

with  a more attenuated polyposis, but with higher frequency of desmoid tumors. Clinically,

these tumors may or may not be symptomatic, depending on their size and location. In

their treatment, priority should be given to medical therapy, especially in intra-abdominal

tumors, with surgery being the last option if there are no other complications.

Discussion: These tumors are associated with certain risk factors: genetic (mutation site),

hormonal (estrogenic environment) and physical (surgical trauma) ones. In young women,

a  later prophylactic colectomy is suggested. Moreover, the laparoscopic approach to pro-

phylactic surgery seems to be an option that reduces surgical trauma and consequently the

appearance of desmoid tumors.

Conclusion: The step-up medical approach has been shown to be valid in the treatment of

intra-abdominal desmoid tumors, and medical treatment should be the first therapeutic

option.
©  2017 Sociedade Brasileira de Coloproctologia. Published by Elsevier Editora Ltda. This

s article under the CC BY-NC-ND license (http://creativecommons.org/
is  an open acces
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Perfil  genético,  fatores  de  risco  e  abordagem  terapêutica  dos  tumores
desmóides  na  Polipose  Adenomatosa  Familiar

Palavras-chave:

Doença desmoide hereditária

Fibromatose agressiva

Polipose adenomatosa do cólon

Fatores de risco e terapêuticas

r  e  s  u  m  o

Introdução: Os tumores desmóides são a principal manifestação extraintestinal da PAF, apre-

sentando elevada morbimortalidade. É uma neoplasia sem capacidade de metastização, mas

com  crescimento infiltrativo e com alta taxa de recorrência. Nas formas familiares associa-

se  a uma mutação germinativa no gene APC, havendo uma correlação genótipo-fenótipo

influenciada por outros fatores de risco.

Materiais e métodos: Foi efetuada uma revisão de artigos publicados desde o ano 2000, em

português, inglês ou espanhol, acerca de tumores desmóides em doentes com PAF. Foram

incluídas, no total, 49 publicações.

Resultados: O local da mutação no gene APC relaciona-se com a gravidade da PAF e frequência

de  tumor desmóide. Mutações localizadas distalmente ao codão 1309 associam-se a uma

polipose mais atenuada, mas a maior frequência de tumor desmóide. Clinicamente podem

ser,  ou não, sintomáticos, dependendo do seu tamanho e localização. No seu tratamento

deve ser dada prioridade à terapêutica médica, sobretudo nos tumores intra-abdominais,

colocando a cirurgia como última opção, caso não hajam outras complicações.

Discussão: Estes tumores associam-se a determinados fatores de risco: genéticos (local da

mutação),  hormonais (ambiente estrogénico) e físicos (trauma cirúrgico). Nas mulheres

jovens sugere-se a realização de colectomia profilática mais tardiamente. Além disso, a

abordagem laparoscópica para a cirurgia profilática parece ser uma  opção que diminui o

trauma cirúrgico e consequentemente o aparecimento de tumores desmóides.

Conclusão: A abordagem médica em step-up mostrou ser válida no tratamento de tumores

desmóides intra-abdominais, devendo o tratamento médico ser a primeira opção terapêu-

tica.
©  2017 Sociedade Brasileira de Coloproctologia. Publicado por Elsevier Editora Ltda. Este

é  um artigo Open Access sob uma licença CC BY-NC-ND (http://creativecommons.org/
Introduction

Familial adenomatous polyposis (FAP) is an inherited pathol-
ogy that results from the autosomal dominant transmission of
a germline mutation in the adenomatous polyposis coli (APC)
tumor suppressor gene located on the long arm of chromo-
some 5.

Phenotypically, FAP is characterized by the development
of hundreds to thousands of adenomatous polyps in the
colon and rectum, with subsequent risk of developing colorec-
tal carcinoma (CRC) if a prophylactic proctocolectomy is not
performed.1

However, even after the proctocolectomy, patients with
FAP present higher mortality versus the general population,
due to the extra-colic manifestations of this disease: desmoid
tumors, upper gastrointestinal tract adenomas, osteomas, and
epidermoid cysts, as well as thyroid, adrenal gland, and cen-
tral nervous system neoplasms.2 Of these, desmoid tumors
are the most frequent cause of death in patients with FAP.3

Desmoid tumors develop from connective tissue, fasciae,
and aponeuroses,4,5 corresponding to a monoclonal prolifera-
tion of well-differentiated fibroblasts.6,7 From the histological
point of view, this is considered a benign neoplasm, since it

does not have metastization capacity; but biologically, it is
a tumor with great local aggressiveness, given the infiltra-
tive growth and the invasion of adjacent structures,8 besides
licenses/by-nc-nd/4.0/).

the high rate of local recurrence, even after its resection:
25–65%.2,5

This neoplasm may occur in the context of FAP or may
arise sporadically; in this case, the tumor is a result of somatic
mutations in the APC gene or in the beta-catenin gene.9 Spo-
radic desmoid tumors are relatively rare, affecting about 2–4
individuals per million in the general population.10,11

As for the familial forms, the development of desmoid
tumors is related to a germline mutation in the APC gene,
and its frequency is much higher. In fact, it is estimated that
between 10 and 25% of patients with FAP will develop at least
one desmoid tumor throughout their lives,12,13 with a risk 850
times higher than that for the general population.5

Regarding the risk factors for the development of desmoid
tumors in a FAP context, studies point to several possibil-
ities, such as family history, previous abdominal surgery,
and gender, in addition to the site of mutation in the APC
gene,10,14,15 which is also related to the severity of these
tumors.16

Thus, since the desmoid tumors are one of the most impor-
tant manifestations of FAP, with high associated morbidity and
mortality, and considering that there is no established thera-
peutic guideline for these tumors, the aim of this review article
is to enumerate the various therapeutic options, as well as to

order them in a logical sequence, taking into account the char-
acteristics of these tumors, with the purpose of proposing the
best approach.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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aterials  and  methods

 literature search through the MEDLINE database via PubMed
as performed, and different combinations of terms were
sed: desmoid disease, hereditary; familial adenomatous
olyposis; fibromatosis, familial infiltrative; adenomatous
olyposis coli; risk factors and therapeutics.

In this study, the inclusion criteria were publications from
he year 2000 and text in Portuguese, English or Spanish. The
itles and abstracts were read, with priority given to the most
ecent and complete articles that corresponded to the pro-
osed objectives. Subsequently, other articles were identified
y cross-references of articles obtained in the initial survey. In
otal, 49 publications were included in this study.

esults

he development of desmoid tumors in patients with FAP is
escribed in several studies as a condition associated with risk
actors, namely, a positive family history, previous abdominal
urgery, and, more  recently, the site of the mutation in the APC
ene.17

In fact, the genotype–phenotype relationship has been ana-
yzed in several studies, and their conclusions are much in
he same line: those mutations located distally to codon 1309
nd especially at the 3′ end are associated with a high risk
f developing desmoid tumors, and particularly in a severe
orm.10,18,19

According to the study by Bertario et al., patients with FAP
resent a 12-fold higher risk of a desmoid tumor when the
utation is located beyond codon 1444 (“desmoid region”) ver-

us patients whose mutations are located more  proximally.12

In addition, it has further been shown that the severity
f the disease and of the tumor may depend on the site of
he mutation. Jean Couture et al.20 showed that mutations
t codon 1309 are associated with a severe form of FAP, with
he development of polyps and CRC at an earlier age, com-
ared to mutations between codons 1445 and 1578, which are
ssociated with a more  attenuated polyposis, but with greater
requency of desmoid tumors.20

On the other hand, currently the function of the APC gene is
nly partially known; therefore, one cannot maintain that the
ore distal the mutation, the greater the risk of occurrence of

 desmoid tumor. To date, more  than 400 germline mutations
ave been described in this tumor suppressor gene, most of
hich result in a truncated protein.

Experimental information has shown that mutations in the
PC gene have the potential to cause loss of beta-catenin-
ediated regulation of signal transduction pathways.12

The segment of the APC gene between codons 1265 and
035 contains the nucleotides that encode the APC protein
inding zone to beta-catenin, the binding of which triggers
eta-catenin degradation (which functions as a transcription

actor). Thus, the integrity of the APC protein is essential,
ecause it was found that the presence of binding sites
ltered by mutations in the referred segment compromises the
egradation of the beta-catenin transcription factor, affecting
;3 7(2):163–170 165

cell differentiation, proliferation, and apoptosis, which con-
tributes to the manifestations of FAP.10,21

Depending on their size and location, the desmoid tumors
may be clinically asymptomatic or may present manifesta-
tions, usually with compressive symptoms. In many  patients,
intra-abdominal tumors are asymptomatic, appearing as acci-
dental findings on the occasion of a physical or imaging
examination. When these tumors reach larger dimensions,
they can cause intestinal obstruction, mesenteric ischemia,
hydronephrosis, fistulization, and sepsis, among others.4,22

Both computed tomography (CT) and magnetic resonance
imaging (MRI) can be used for the detection of desmoid
tumors.8 However, the confirmation diagnosis is established
by histology and by immunohistochemistry.23,24 CT has been
considered as the gold standard among imaging methods in
the assessment of response to treatment. For tumors of small
size (<2 cm)  or for the follow-up of young patients with an
interest in avoiding the radiation effect, MRI  may replace CT
as a follow-up method, and may also be used to better trans-
late the tumor aggressiveness, by demonstrating the degree of
cellularity and vascularization.22

There is still no protocol for the treatment of these tumors,
due to their prevalence and lack of knowledge of their etiol-
ogy and biology.4,25 For the most part, the desmoid tumors
grow slowly; but there are situations in which such tumors
grow rapidly, being refractory to any treatment.26 In addition,
although they do not metastasize, their malignant poten-
tial comes mainly from their infiltrative power and relapsing
nature.

Although surgery has been the main therapeutic option
with curative potential, its use is controversial, since it rep-
resents one of the risk factors for the onset and recurrence of
these tumors, since the recurrence rate is very high, even in
those resections with free margins.10 Thus, given the lack of an
ideal treatment, the therapeutic decision becomes a true clin-
ical challenge, often requiring a multidisciplinary approach.

Currently, the proposed therapies can be divided into four
different groups: pharmacological treatment, radiotherapy,
chemotherapy, and surgery.22

One of the possibilities of medical treatment is the use of
non-steroidal anti-inflammatory drugs (NSAIDs), since several
studies have shown an efficacy rate close to 50% in reducing
desmoid tumors.1,8 Currently, sulindac and celecoxib are the
pharmacological agents used. Studies suggest that the first
choice for medical treatment should be one of the NSAIDs and,
in the case of failure, the option would be a combination of
NSAIDs with hormonal treatment.1,8,27

In fact, hormonal agents are another proposed therapy
for these tumors, considering that the higher incidence in
females, the association with oral contraceptive use, and the
higher growth of tumors in pregnant women seem to speak
in favor of the role of estrogens In their appearance and
growth.28–31 In addition, the fact that this type of fibromato-
sis is more  common in women of childbearing age, regressing
with menopause or after oophorectomy, serves to confirm this
relationship.29,31
Tamoxifen and toremifene are the antiestrogen agents that
have been more  widely used.1,27,29 According to Bocale et al.,29

desmoid tumors frequently respond to endocrine therapy;
moreover, the fact of not obtaining a response with the use
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of one of these agents does not imply failure with the oth-
ers. According to the available data, the efficacy of tamoxifen
is the same as for toremifene; However, in some cases, this
latter agent appears to be effective as second line therapy,
after the occurrence of resistance to tamoxifen. The study
also shows that antiestrogen therapy works on both FAP-
associated tumors and on sporadic tumors and, similarly, on
primary or recurrent tumors.29

Clinically, this hormone therapy does not appear to have
relevant side effects, including in men; thus, this option can be
used. In women with long-term treatment, frequent changes
in their menstrual cycle are observed; in such cases, endovagi-
nal ultrasound is recommended.29

This and other studies also emphasize the fact that tamox-
ifen and other antiestrogen agents produce a response, even
in estrogen receptor-free desmoid tumors.29,30,32

Thus, it is proposed that, in recurrent desmoid tumors,
preference should be given to tamoxifen therapy, rather than
radiotherapy or surgical re-exploration. Especially in young
women, tamoxifen should be considered as the initial choice
because this agent contributes to a greater possibility of pre-
serving their fertility.30

All in all, the medical treatment encompasses the use of
NSAIDs alone or in combination with hormonal agents, as well
as the monotherapy with these latter agents.

Some studies have compared treatments for desmoid
tumors (associated with FAP, or sporadic ones) and have
reached to a significantly higher percentage of total or partial
remission with the exclusive use of hormonal agents com-
pared to their association with NSAIDs. It appears that the
NSAID + anti-estrogen combination did not add any benefit
to the treatment, although there have been other reports of
successful cases with the use of NSAID as monotherapy.29

This allows us to conclude that there are still uncertainties
regarding the biological and therapeutic behavior of these
tumors.

Currently, combined therapies are used mainly in cases
of inoperable tumors and also in situations of post-surgical
recurrences and in the perioperative period.33 However, this
may be a valid option for intra-abdominal tumors, which
would allow avoiding surgical trauma.

Another alternative therapy to surgery is radiation therapy.
The study by Nuyttens et al., involving cases treated only with
surgery, with surgery associated with radiotherapy, and only
with radiotherapy, demonstrated a control rate of 61%, 78%,
and 75%, respectively.34

In addition, Turina et al.35 suggest a good control
of large unresectable desmoid tumors with radiother-
apy/brachytherapy. Brachytherapy is another proposed option;
for its use, the tumors must be of an adequate size, in order to
be correctly exposed to the applicators.35

Although there is some controversy, there is evidence that
radiotherapy can model fibrosis, with increasing evidence
favoring a decrease in the percentage of local recurrence with
the use of this option, both before and after surgery.1,24

Studies also confirm the important role that radiotherapy

can play in the treatment of unresectable tumors with extra-
abdominal location and in the abdominal wall, as well as in the
post-surgical treatment of cases with positive margins.8 But
intra-abdominal tumors appear to have lower radiosensitivity,
 1 7;3  7(2):163–170

and this makes radiotherapy rarely used in tumors with this
location; besides, is also the risk of a radiation enteritis.1

Another therapeutic option is chemotherapy. Low doses of
doxorubicin in combination with dacarbazine, as well as the
combination of methotrexate + vinblastine, also at low doses,
have demonstrated efficacy in the treatment of tumors with
progressive growth and no response to medical therapy.8,27,36

One of the examples is described in the study by Toiyama
et al.,37 which shows the efficacy of a low-dose combina-
tion regimen of methotrexate and vinblastine in a 26-year-old
patient with a mesenteric desmoid tumor. The patient was
treated with the above-mentioned regimen twice a week for 12
months, and the authors noted a decrease in tumor size with
subsequent regression and with no significant side effects.37

Therefore, chemotherapy may be considered as a ther-
apeutic option in tumors that show a progression after
other therapies. Regarding the possible therapeutic regimens,
the combinations doxorubicin + dacarbazine and methotrex-
ate + vinblastine have been used more  often; but other effec-
tive combinations, such as cyclophosphamide + doxorubicin,
or even the combination of doxorubicin with the monoclonal
antibody imatinib, have been described.35 It seems that the
latter agent may also play an important role in the treatment
of these tumors.38

Finally, with respect to surgery: until now, this is the ther-
apeutic standard, although much of the literature does not
recommend the surgical solution as the first line of treatment,
especially in patients with intra-abdominal tumors.2,5 For
tumors with this location, the low rate of complete resection
and, consequently, the high percentage of recurrences and
morbidity, make surgery an option that is increasingly rel-
egated to the end of the line of treatments. Due to the
potential morbidity and mortality, for example, hemorrhage,
short bowel syndrome, or even postoperative death, studies
suggest that surgery should only be considered in patients
with desmoid tumors resistant to medical treatment or in pal-
liative situations, in order to control the symptoms caused by
their progression, such as intestinal occlusion, ischemia and
enteric fistulization, and hydronephrosis, among others.4,39

On the other hand, in tumors of the abdominal wall or with
an extra-abdominal location, surgery may be an appropriate
treatment.40

Thus, intra-abdominal desmoid tumors should be
approached according to a step-up strategy, that is, with
the progression of the aggressiveness of the treatment in
function of the evolution of the disease.22 According to
Latchford et al.,1 the treatment of intra-abdominal tumors
should be started with sulindac (150 mg); if this treatment is
not effective, an anti-hormonal agent should be combined:
toremifene (180 mg)  or tamoxifen (120 mg). Having tumor
progression, chemotherapy should be the next choice (low
dose of vinblastine + methotrexate). Therefore, surgery should
be reserved for severe complications.1

Discussion
Desmoid tumors may arise sporadically or as an extra-
intestinal manifestation of FAP. In sporadic cases, there
are somatic mutations in the beta-catenin gene, with its
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verexpression in the nuclei; on the other hand, in cases of
AP, a germline mutation is present in the desmoid region of
he APC gene.41

This is a group of heterogeneous tumors, ranging from
mall mesenteric plaques to desmoid tumors that occupy the
ntire abdominal cavity, and may still present themselves with

 little aggressive character or, on the contrary, with great local
ggressiveness and a rapid infiltrative growth.

Histologically, the tumor is composed mainly of highly
ifferentiated fibroblasts with an elongated nucleus; conse-
uently, they rarely metastasize.33 In patients with FAP, this
ype of tumor tends to arise mainly in the mesentery of the
mall intestine, followed, in order of prevalence, by the abdom-
nal wall and finally, the extremities and the trunk. These latter
egions are rare locations, in a context of FAP.10

Clinically, these tumors represent the most relevant extra-
olonic manifestation of FAP, given the associated morbidity
nd mortality (second cause of death, shortly after CRC). Eti-
logically, we  do not yet have a theory to explain the origin
f these tumors; however, it has been shown that mutations

n the APC gene predispose to the development of fibro-
atosis (genetic factor), as well as to hormonal and physical

actors.42 Regarding the latter, it is verified that, after the sur-
ical intervention, a disproportionate inflammatory response
o the trauma is noted, consequently with an accumulation
f fibroblasts.33 There is evidence implicating surgical trauma
s one of the factors capable of leading to the development
f this type of tumor, and there is no correspondence with a
pecific type of surgery. The frequency of desmoid tumors in
atients undergoing proctocolectomy procedures is similar to
hat in patients treated by partial colectomy or by colectomy
ith ileorectal anastomosis.12

In fact, in patients with FAP treated with prophylactic colec-
omy, the mortality comes mainly from the desmoid tumors.
uring the first 5 years after surgery, one in six patients
evelops a desmoid tumor, usually with an intra-abdominal

ocation.
In this sense, Vitellaro et al.43 investigated whether laparo-

copic surgery was associated with a lower tumor risk when
ompared to open surgery. With the two study groups show-
ng similar characteristics before surgery, in a 5-year follow-up
eriod, the authors observed a lower incidence of desmoid
umors in the group undergoing laparoscopic surgery. How-
ver, given the reduced size of this series and the limited
ollow-up period, this study points only to the possibility
hat laparoscopic surgery reduced the risk of occurrence of a
esmoid tumor after prophylactic colectomy in patients with
AP.43

Another study also shows that in cases of prophylac-
ic surgery with an ileorectal anastomosis, the laparoscopic
pproach results in fewer complications and faster recovery.44

Thus, it is concluded that laparoscopic surgery may reduce
he risk of these tumors; however, further studies are needed,
o that this type of surgery may be the recommended proce-
ure.

Regarding the genetic factor, it has already been shown that

utations in the APC gene are apparently the single most

mportant risk factor for the onset of the desmoid tumor in
atients with FAP.12 According to Speake et al.45 85% of the
utations in the APC gene are located between codons 1250
;3 7(2):163–170 167

and 1464, and correspondence was found between the muta-
tion site and FAP severity and frequency of desmoid tumors,
which agrees with findings in other studies. In situations of
an attenuated FAP, mainly associated with mutations at the
3′ end, a greater tendency is observed for desmoid tumors.
Considering this inverse relationship, the study concludes
that, in patients with mutations in this location, abdominal
surgery represents a great risk for the development of desmoid
tumors, proposing that, in cases of attenuated FAP, the best
prophylactic strategy would be an endoscopic surveillance of
polyps. In cases of patients with this mutation, but who  show
signs of progression of the polyps, even after an attempt of
endoscopic control, or in the face of the presence of a carci-
noma, surgery becomes essential.45 However, it is advisable
to adopt chemoprophylaxis (with sulindac or tamoxifen), in
order to try to control the risk of developing a desmoid tumor,
thus improving the post-surgical prognosis.46

Despite advances in genetic knowledge and surgical tech-
niques, the type and timing of a prophylactic surgery remain
uncertain. On the one hand, the sooner the surgery is per-
formed, the greater the chances of CRC prevention; on the
other hand, some authors have suggested that, in young
women, prophylactic colectomy should be considered later,
since these patients are at a higher risk for the development
of desmoid tumors if the surgery is performed at an earlier
age.43,47,48

Moreover, it has been demonstrated that, in comparison
to male patients, women are at increased risk of develop-
ing tumors after surgery – a fact which proves that in an
estrogenic environment, surgical trauma is a predisposing
factor for the onset of these tumors in females.10,12 In fact,
the development of desmoid tumors before the surgery is
more  frequent in male patients. This finding suggests that,
in males, the site of the mutation in APC gene is the factor
with the greatest influence on the appearance of the tumor,
with a lower correlation with surgical trauma.12 The study
also shows that in the female group with FAP the desmoid
tumors were more  frequent, but that the male patients, when
affected, tended to present tumors with more  aggressive char-
acteristics, of greater dimensions and with more  frequency
of location in the abdominal wall, compared with the female
group.12

Therefore, there are significant gender differences in the
manifestation of desmoid tumors. Female patients are at
higher risk of tumor occurrence, regardless of the site of the
mutation, while in the male gender the site of the mutation
seems to exert a greater influence. The reasons for these dif-
ferences may be explained by the different impact of the risk
factors: surgical trauma, hormonal influence, and location of
the mutation.

Considering all these points, and despite the prognostic
uncertainty and the lack of knowledge regarding which treat-
ment is most effective, it is possible to propose a therapeutic
approach for desmoid tumors. According to the literature,
this approach should be progressive in the case of intra-
abdominal tumors, and preferably the initial approach will be

through medical treatment. Therefore, the treatment should
begin with the administration of sulindac and, if this med-
ication is not sufficient, an anti-hormonal agent (tamoxifen
or toremifene) will be added. In cases where there is still
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Desmoid tumor

INTRA-ABDOMINAL

Tumor progression?

Tumor progression?

Tumor progression?

YES

Surgery
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ABDOMINAL WALL
or

EXTRA-ABDOMINAL

Resectable tumor?

∗After 6 months

Chemotherapy

Vinblastine + Methotrexate

or

Doxorubicin + Dacarbazine

Maintain NSAID + antiestrogen agent

YES

YES

YES

Add an hormonal agent

Toremifene

or

Tamoxifen

NO

NO

NO

Maintain NSAID

Start NSAID

Ex.: sulindac

Fig. 1 – Therapeutic approach.
tumor progression, chemotherapy should be started. Thereby,
surgery will be the last option (Fig. 1).

Conclusion

FAP-associated desmoid tumors arise after a prophylactic
colectomy and affect mainly female patients. However, when
these tumors arise in men, they tend to be more  severe, not
having a direct relation to the surgical intervention.

Mutations at the 3′ end of the APC gene, and especially

mutations beyond codon 1444, are phenotypically correlated
with less polyposis (attenuated FAP), but also with a higher
risk of developing the tumor. Since the surgical aggression
inherent to a procedure of prophylactic colectomy is an
important risk factor for the development of this type of
tumor, it is questioned whether the endoscopic surveillance
of polyps is an adequate measure as a prophylactic strategy
for colic carcinoma. In cases in which such a measure is not
possible, the laparoscopic approach seems to present better
preventive results.

The lack of randomized prospective studies and the small
size of the series published do not allow the establishment of a
universal therapeutic protocol for desmoid tumors; however,
it is possible to propose a step-up medical approach, which
has been shown to be valid in the treatment of FAP-associated
intra-abdominal desmoid tumors. Medical treatment should

be the first line of approach, and surgery should be
reserved for situations of medical therapy failure or of
complications.
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