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    Chapter 6   
 Juvenile Polyposis Syndrome                     

       Kendall     Keck      and     James     R.     Howe     

          Introduction 

 Juvenile polyps are the most common polyps seen in children [ 1 ]. It has been esti-
mated that as many as 1 % of the population will have one of these polyps in their 
lifetime, but in most cases these disappear, and patients do not have ongoing issues 
related to them, such as bleeding or prolapse. In some individuals, these polyps are 
multiple, and may continue to form throughout a person’s life. These people have a 
different situation, where they are born with an autosomal dominant syndrome pre-
disposing them to developing these polyps. It has been estimated that this condition, 
Juvenile Polyposis (JP), affects approximately 1 in 100,000 individuals [ 2 ]. There is 
an equal incidence between males and females, and an increased incidence in indi-
viduals of Northern European descent [ 3 ]. JP patients most commonly  develop 
  hamartomatous polyps throughout the colon (Fig.  6.1 ), but may also have polyps in 
other portions of the GI tract as well, usually within the stomach (Fig.  6.2 ). Patients 
with JP have an increased risk of GI cancers, with the highest risk being for colorec-
tal cancers, but there is also increased risk for gastric and  pancreatic   tumors.

    The earliest case of JP described in the literature is unclear, but some  attribute 
  this to Hertz et al. in 1914. He described a family consisting of four children all hav-
ing rectal polyps and bleeding, and asymptomatic parents [ 4 ]. These polyps were 
never confi rmed to be juvenile histologically, but this was very likely the earliest 
description of a JP family. In 1939, Diamond reported a 30-month-old child with 
constipation and hematochezia with a pedunculated, sessile polyp of the rectum, 
prone to prolapse [ 5 ]. This 2.5 cm polyp, although described as an adenoma, had  the 
  histologic features we have come to know as a juvenile polyp. 
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 Helwig described the histologic fi ndings of hamartomatous polyps in 1946, 
including stroma embedded with mucus-fi lled, glandular structures, and associated 
infl ammatory cell infi ltration. There were no dysplastic  or   adenomatous changes 
noted within the epithelium [ 6 ]. Ravitch described a 10 month old with upper and 
lower GI juvenile polyps in 1948, who suffered from severe anemia, malnutrition, 
and prolapsing rectal polyps, and subsequently died from this at an early age [ 7 ]. In 
1957, Horilleno fi rst introduced the term hamartomatous polyp [ 8 ], and shortly 
thereafter, Morson spelled out the differences between adenomatous, infl ammatory, 
Peutz-Jeghers, and Juvenile polyps [ 9 ]. 

 Despite these previous observations  and   Hertz’s early report, it was not until 
1966 that an autosomal dominant inheritance pattern was suggested by Smilow and 
associates, after studying a three generation family with JP [ 10 ]. This was further 

  Fig. 6.1    Multiple juvenile polyps in the cecum. Note many diminutive polyps and several larger, 
red, pedunculated, and multilobular polyps       

  Fig. 6.2    Gastric polyposis at the GE junction, sparing the more distal stomach in a JP patient. 
Note the diffuse, frond-like nature, rather than the pedunculated polyps as seen in the colon       
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reinforced by a 1975 report by Stemper and associates, who described a kindred 
with ten affected individuals with colorectal or gastric polyps. There were also 11 
members of the family who developed GI cancer, predominantly of the colon, but 
also of the stomach, duodenum, and pancreas [ 11 ]. The link between hamartoma-
tous polyps and GI cancer was strengthened by the fi nding of Liu et al. of a focus of 
signet ring cell carcinoma within a juvenile polyp in a 16-year-old boy [ 12 ]. Since 
then,  multiple   reports have confi rmed this relationship between JP and the develop-
ment of GI cancer [ 13 – 16 ].  

    Morphology and Histology 

 Juvenile polyps  are      frequently rounded and pedunculated on a stalk. They may 
range in size from a few mm to up to 5 cm. They can also be sessile, especially when 
in the stomach. Their surface has a thin mucosa, which may become eroded, leading 
to bleeding [ 17 ,  18 ]. In those with JP, there may be just a few polyps at a time, or 
there may be a 100 or more, even within members of the same family. Looking at 
them microscopically, there is an expansion of the lamina propria with abundant 
stroma, cystically dilated glands, and infi ltration of infl ammatory cells (Fig.  6.3 ). 
Overlying  this      markedly expanded lamina propria is a relatively normal layer of 
epithelium. This epithelium can occasionally become dysplastic, but this is rela-
tively rare. When biopsied, these hamartomatous polyps may be diagnosed as 

  Fig. 6.3    Microscopic view of a polyp showing an expanded lamina propria with cystically dilated 
glands with infl ammatory infi ltrate, covered by thin layer of epithelium       
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juvenile polyps, hyperplastic polyps, or infl ammatory polyps. They differ from 
hamartomatous polyps in Peutz-Jeghers  patients      in that the latter contain areas of 
smooth muscle within the lamina propria.

       Clinical Presentation 

 The most  common   presentation is anemia, which is often accompanied by rectal 
bleeding. Other signs and symptoms may also include abdominal pain, diarrhea, 
prolapse of a rectal polyp, and intussusception [ 19 ,  20 ]. The most frequent associ-
ated anomalies include macrocephaly, mental retardation, Meckel’s diverticulum, 
malrotation, pulmonary arteriovenous malformations (AVMs), telangiectasias, 
atrial and ventricular septal defects, pulmonic stenosis, and cryptorchidism [ 21 ,  22 ]. 
The diagnosis of JP is made based on the clinical criteria initially proposed by 
Sachatello et al. [ 23 ], with the number of polyps later reduced from 10 to 5 by Jass 
and colleagues [ 24 ]. These criteria for JP require

    1.    At least 5 juvenile  polyps   within the colorectum; or   
   2.    Juvenile polyps in both the upper and lower GI tract; or   
   3.    Any number of juvenile polyps in a patient with a family history of JP    

  After one of  these   conditions is satisfi ed, JP patients can be further subclassifi ed 
into Juvenile Polyposis Coli (where patients have only colorectal polyps), general-
ized Juvenile Polyposis (where patients have polyps in both the upper and lower GI 
tract), and JP of infancy. These fi rst two usually present with rectal bleeding, pro-
lapse, anemia, diarrhea, or abdominal pain within the fi rst two decades of life [ 25 , 
 26 ]. The latter condition is uncommon, but has an earlier and more severe presenta-
tion, including protein losing enteropathy, anemia, anasarca, bloody diarrhea, fail-
ure to thrive, and often death before age 1 [ 23 ,  27 ,  28 ]. 

 Other conditions  that   may present in a similar fashion include the PTEN 
Hamartoma Tumor syndromes of Bannayan–Riley–Ruvalcaba syndrome (BRRS) 
and Cowden syndrome (CS). Polyps in patients with these conditions are histologi-
cally indistinguishable, but these syndromes can be differentiated by genetic testing 
and other characteristic phenotypic features. Patients with BRRS may have macro-
cephaly, developmental delay, prominent corneal nerves, lipid myopathy, lipomas, 
genital pigmentation, and angiolipomas [ 29 ]. Patients with CS have facial trichilem-
momas, acral keratoses, papules, breast cancer,    fi brocystic disease of the breast, 
benign or malignant thyroid lesions, mental retardation, lipomas, or fi bromas [ 30 ].  

    Genetics 

 The  autosomal   dominant inheritance pattern for JP was fi rst revealed in the 1966 
publication of three affected members in three generations by Smilow et al. [ 10 ]. 
Approximately 75 % of patients with JP have a family history, and the remainder 
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have de novo mutations leading to JP [ 31 ]. Clues to the genes predisposing to JP 
remained elusive until the late 1990s. In 1997, Jacoby described a patient with fea-
tures of JP and macrocephaly, who had a deletion of chromosome 10q22 [ 32 ]. 
Olschwang et al. then reported three patients with germline  PTEN  mutations (which 
maps to 10q22) thought to have JP [ 33 ], but further scrutiny suggested that these 
patients might actually have had CS rather than JP [ 34 ]. Additional studies examin-
ing JP patients for germline   PTEN  mutations   were negative, confi rming the idea that 
 PTEN  was not the JP gene [ 35 ,  36 ]. 

    SMAD4 

 It was in 1998 that  the   fi rst hard evidence for the location of a JP gene was estab-
lished. Howe et al. studied 43 members (including 13 affected) of the family origi-
nally reported by Stemper et al. [ 11 ], and established genetic linkage with 6 
markers from chromosome 18q21, with a maximum lod score of 5.00 with 
 D18S1099  (at  θ  = 0.001). Critical recombinants placed the JP gene within a 11 cM 
region between  D18S118  and  D18S487  [ 37 ,  38 ]. Sequencing of candidate genes 
from this region revealed that all affected  members   of this kindred shared a frame-
shift mutation, a 4 base pair deletion in exon 9 of the  SMAD4  gene. In this report, 
5 of 9 total JP families tested were found to have germline  SMAD4  mutations [ 39 ]. 
This fi nding was soon confi rmed by several other investigators in additional JP 
families [ 40 – 42 ]. 

  SMAD4  was  originally   called  deleted in pancreatic cancer 4 ( DPC4 )  , because 
of the fact that it is inactivated in approximately 50 % of pancreatic adenocarci-
noma specimens [ 43 ].  DPC4  was later renamed  SMAD4  when it became clear 
that this was the common intracellular mediator of the transforming growth fac-
tor-beta (TGFβ) superfamily, which signals through  SMAD  genes [ 44 ,  45 ]. 
 SMAD4  is comprised of 11 coding exons, encoding a 552-amino acid cytoplas-
mic protein. Within the TGFβ, activin, bone morphogenetic protein (BMP), and 
inhibin pathways, the function of SMAD4 is to bind to SMAD proteins phos-
phorylated by the type 1 receptor, after it has been phosphorylated by the type 2 
receptor following ligand binding.  SMAD4   binds to co-SMADs 1, 5, and 8 in the 
BMP pathway, and with co-SMADs 2 and 3 in the TGFβ pathway. The complex 
of SMAD4 and these co- SMADs then migrates to the nucleus, where it recruits 
a DNA-binding protein, and then binds directly to specifi c promoters to regulate 
transcription (Fig.  6.4 ).

   In a 2009 paper by Calva et al., 77 of 357 JP probands (21.6 %) were found to 
have germline  SMAD4  mutations by sequencing.    Of these mutations, 78 % were 
within exons 8–11 (encoding for the mad homology 2 domain), 17 % within exons 
3–7, and 5 % in exons 1 and 2 (Fig.  6.5 ) [ 46 ]. A smaller percentage of JP patients 
have been found to have deletions of  SMAD4 , which have been identifi ed using the 
mixed ligation-dependent probe amplifi cation assay (MLPA) [ 47 ,  48 ].  Combining 
  the largest studies using this technique, 7 of 128 (7 %) of JP probands were found 
to have  SMAD4  deletions [ 31 ].
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       BMPR1A 

 After it became apparent that only 20 % of JP families had  germline   changes in 
 SMAD4 , it seemed likely that there must be other JP genes. In 2001, Howe et al. 
found a suggestion of a second JP locus in four unrelated JP families, with a lod 
score of 2.33 at  θ  = 0.10 with the marker  D10S573 . This was in the vicinity of the 
 PTEN  gene on chromosome 10q22-23, but these families had already been 
sequenced for  PTEN  and found to not have mutations. Another gene involved in the 
TGFβ superfamily was found to map to this general region, and  they   identifi ed 2 
polymorphic simple tandem repeat markers 49 and 76 kb upstream from this gene. 
When these markers were tested in these four families, the maximum lod scores 
were 4.17 and 4.74 at θ = 0, proving linkage at this locus. Sequencing in these fami-
lies revealed that all affected members had germline mutations of  BMPR1A , which 
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  Fig. 6.4    Diagram of the signaling pathway of TGFβ depicting its interactions with BMPR1A and 
SMAD 4 to facilitate changes in nuclear transcription. BMPR1A works via SMAD 1, 5, and 8 
while TGFβ works through SMAD 2 and 3. These join a common pathway with SMAD4 which 
creates an oligomer that translocates into the nucleus to regulate transcription [ 31 ]       
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  Fig. 6.5    Distribution of mutations in  SMAD4 . The rectangle above represents the coding exons of 
the gene, with nucleotides at each exon boundary shown underneath. The rectangle below repre-
sents the protein, with corresponding nucleotide numbers listed above and below domain boundar-
ies. Mutations listed above the exons are those described in the present study, and those below the 
exons are from the literature. MH1, mad homology 1; MH2, mad homology 2 (Figure originally 
from  Clinical Genetics ) [ 46 ]       
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were frameshift in two families and nonsense mutations in the two others [ 49 ]. This 
fi nding was confi rmed in other JP families shortly thereafter [ 50 ,  51 ].  BMPR1A  
encodes for the type I receptor in the BMP pathway, and  is   comprised of 11 coding 
exons. This receptor is a 532-amino acid transmembrane protein that associates 
with and is phosphorylated by the type II receptor (BMPR2) after it binds to extra-
cellular BMP ligands. BMPR1A then phosphorylates co-SMADs 1, 5, and 8, which 
form oligomers that bind to intracellular SMAD4. This complex then migrates to 
the nucleus, recruits DNA-binding proteins, then binds directly to promoters to acti-
vate transcription (Fig.  6.4 ) [ 31 ,  37 ]. 

 Calva et al. found that 62 of 336 JP probands (18.5 %) had  germline    BMPR1A  
mutations by sequencing. Of these mutations, 52 % were within the intracellular 
protein kinase domain (exons 7–11), and 31 % in the Mad homology I domain 
(exons 2–4). No mutations have been described within the transmembrane region 
of the receptor, and the mutations seen in  BMPR1A  are more uniformly spread out 
and more likely to be unique than seen with  SMAD4  mutations in JP patients (Fig. 
 6.6 ) [ 46 ]. A small percentage of JP patients have been found to have larger dele-
tions of  BMPR1A  by MLPA, affecting 8 of 128 probands tested (6.3 %) [ 31 ,  47 , 
 48 ]. Another small group of JP patients have been  found   with mutations in the 
promoter of  BMPR1A , including one family with ten affected individuals all shar-
ing a 12,433 bp deletion lying 119 kb upstream from the coding region, deleting a 
non-coding exon and a promoter. This paper reported fi ve unrelated probands with 
deletion or missense mutations of the  BMPR1A  promoter which led to reduced 
luciferase activity in in vitro promoter constructs [ 52 ]. One study recreating JP 
patient  BMPR1A  missense mutations in a cell line demonstrated that the protein 
was held up intracellularly  and   did not effi ciently translocate to the cell mem-
brane, suggesting one potential mechanism through which BMP signaling may be 
reduced [ 53 ].

        Other JP Genes 

 Sweet et al. reported that 2 of 14 JP patients that did not have either  SMAD4  or 
 BMPR1A  germline mutations  had   changes in the  endoglin (ENG) gene  , one of the 
genes responsible for hemorrhagic hereditary telangiectasia (HHT); neither of these 
two probands had signs of HHT [ 54 ]. Howe et al., by sequencing  ENG , found sub-
stitutions in  ENG  in 6 of 31 JP probands (without  SMAD4  or  BMPR1A  mutations), 
but these substitutions were also found in control patients, and this study concluded 
that it was not clear whether  ENG  was a predisposing gene for JP [ 55 ]. No confi r-
matory studies have been published since these reports to confi rm that  ENG  really 
is a gene predisposing to JP. 

 The confusion surrounding whether   PTEN    is a JP gene was discussed earlier, and 
patients with juvenile polyps and germline  PTEN  mutations are likely to have CS or 
BRRS rather than JP. However, some patients with JP have been described that have 
contiguous deletions of both  PTEN  and  BMPR1A , which lie within 1.1 Mb of one 
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another on chromosome 10q22-23. Delnatte et al. described four patients with 
 deletions of both these genes, all of who had presentation at an early age, upper and 
lower GI juvenile polyps, and macrocephaly, suggestive of JP of infancy [ 56 ]. 
Salviati et al. described a JP patient with deletion of both genes, presenting at age 3 
with mild dysmorphic features, but not macrocephaly [ 57 ]. Menko et al. described 
four additional cases, in which all patients had macrocephaly and dysmorphic 

  Fig. 6.6    Distribution of mutations in  BMPR1A . The  rectangle  above represents the coding exons 
of the gene, with nucleotides at each exon boundary shown underneath. The  rectangle  below rep-
resents the protein, with corresponding nucleotide numbers listed above and below domain bound-
aries. Mutations listed above the exons are those described in the present study, and those below 
the exons are from the literature (Figure originally from  Clinical Genetics ) [ 46 ]       
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 features [ 58 ]. The effect  of    contiguous deletion of these two genes is not entirely 
clear, but appears to result in a more severe phenotype, combining some features of 
BRRS with those of JP, and sometimes with JP of infancy [ 59 ].  

    Genotype–Phenotype Correlations 

 Patients with mutations of  SMAD4  are more likely to have gastric  polyposis   than 
patients with  BMPR1A  mutations [ 48 ,  51 ,  60 ,  61 ]. In 2007, Aretz et al. found that 
72 % of patients who had upper endoscopy results and a  SMAD4  mutation were 
found to have gastric polyps while only 8 % of patients with  BMPR1A  mutations 
that had upper endoscopy were found to have polyps. On average, gastric polyps 
were found much later in life with a median age of 41 years at the time of discovery 
[ 48 ]. Sayed et al. showed that JP patients with germline  SMAD4  mutations had a 
higher rate of positive family history of UGI polyps than those with  BMPR1A  muta-
tions (86 % vs. 10 %,  p  < 0.01) [ 60 ]. Juvenile polyps from patients with  SMAD4  
germline mutations generally have a more proliferative epithelium and decreased 
stroma when compared to polyps from patients with  BMPR1A  germline mutations 
[ 62 ]. Handra-Luca et al. found  that   patients with germline  SMAD4  mutations had 
more low-grade adenomas than those with  BMPR1A  mutations, and that only 
patients with  SMAD4  mutations had high-grade dysplasia or  carcinomas   within 
their polyps [ 61 ].  

    Combined JP and HHT 

 In the early 1980s, Cox et al. and Conte et al. described individuals with JP that 
also had pulmonary AVMs, telangiectasias, and digital clubbing [ 63 ,  64 ]. In 1999, 
 Inoue   described a teenage girl who presented with nosebleeds beginning at age 6 
and rectal bleeding at age 14. Work-up revealed 30 colonic juvenile polyps, and 
features of HHT (telangiectasias of the skin, a dilated hepatic artery, and pulmonary 
AVMs) [ 65 ]. 

 Gallione et al. studied 14 individuals from 7 families with combined  JP   and 
HHT, none of whom had mutations of the two known HHT genes,  ENG  or the 
activin receptor type I ( ACVR1 ). All of the patients were found to have germline 
 SMAD4  mutations, three of which were de novo [ 66 ]. Gallione et al. later tested 30 
unselected patients with HHT who did not have  ENG  or  ACVR1  mutations and 
found that 3 had  SMAD4  mutations and endoscopic evidence of JP [ 67 ]. The fre-
quency of HHT in JP patients with known  SMAD4  mutations has been reported to 
be between 15 % and 22 % [ 48 ,  66 ]. The majority of the  SMAD4  mutations resulting 
in this combined syndrome are within the MH2 domain of the gene involving exons 
8–11 [ 66 ]. Mutations at other sites within the  gene   have been described but are less 
common [ 68 ]. The phenotypic presentation of combined JP/HHT due to  SMAD4  
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mutations is variable, but includes multiple juvenile polyps, mucocutaneous telan-
giectasias, pulmonary AVMs, hepatic AVMs, cerebral AVMs, GI AVMs, and epi-
staxis [ 37 ]. O’Malley et al. analyzed 21 individuals with JP/HHT and found epistaxis 
in 71 %, pulmonary AVMs in 81 %, visceral AVMs in 86 %, and telangiectasias in 
57 % of patients [ 69 ]. Wain et al. found that 76 % of JP patients with  SMAD4  
 mutations had  some   feature of HHT [ 70 ]. Based upon the results of this study, com-
bined JP and HHT appears to be much more common than originally thought, and 
screening for HHT should be strongly considered in any JP patient found with 
germline  SMAD4  mutation.  

    The Malignant Potential of Juvenile Polyps 

 When JP was fi rst described, most people felt that since these polyps  were   hamarto-
matous, that they had no malignant potential. This continued despite several exam-
ples of patients having both JP and GI cancers, and even the publication of the large 
Iowa kindred in 1975 with 11 individuals with GI cancer was careful not to stress 
the connection between juvenile polyps and GI cancer [ 11 ]. Further histologic 
investigation of 1032 polyps from 80 JP patients by Jass et al. revealed that 840 
were typical juvenile polyps, 169 were multilobulated or villous polyps, 21 were 
adenomas, and 2 hyperplastic polyps. A total of 9 % of the juvenile polyps harbored 
dysplastic changes while 47 % of the villous polyps had dysplasia. They estimated 
the risk  of   developing colorectal cancer to be greater than 50 % for patients with JP, 
with a mean age of onset of colorectal cancer at 34 years of age [ 24 ]. Giardiello and 
colleagues found that only 4 % of patients with 1–2 juvenile polyps and no family 
history of JP had adenomas or adenocarcinoma, versus 29 % of those with  > 3 pol-
yps or a family history of JP. The mean age at diagnosis of neoplasia was 37 years 
old for the JP patients within this study [ 71 ]. 

 Further evidence that carcinoma may develop from juvenile  polyps   has been 
provided by several case reports. In 1978, Liu et al. described a 16 years old with 
an adenocarcinoma arising from within a juvenile polyp [ 12 ]. In 1979, Goodman 
et al. described a case of a 23-year-old woman with multiple upper and lower GI 
juvenile polyps who underwent proctocolectomy and antrectomy. Several different 
kinds of polyps were seen, including small hyperplastic polyps, typical juvenile 
polyps, juvenile polyps with adenomatous epithelium, and adenomas. There was a 
rectal adenocarcinoma among the polyps, and the  authors   suggested that there was 
likely a progression from hyperplastic to adenomatous change in JP that eventually 
leads to adenocarcinoma [ 13 ]. In support of this, Jarvinen and Fransilla reported 2 
JP patients with severe dysplastic change in juvenile polyps [ 14 ] and Ramaswamy 
et al. described a 19 years old with generalized JP and dysplastic changes with 
carcinoma in situ [ 15 ]. Jones et al. described a case of an intramucosal carcinoma 
arising within a typical juvenile polyp in a patient without JP, suggesting that cancer 
can arise in these lesions, albeit very rarely [ 72 ]. Longo et al. reported a case of a 
patient with generalized JP and osteoarthropathy who had a subtotal colectomy at 
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age 6, and then a proctectomy and Swenson pull- through   at age 12 (leaving 2 cm of 
rectum). At age 17, he developed a large tubulovillous adenoma in the rectal rem-
nant which was removed, then 2 years later underwent completion proctectomy for 
what proved to be a poorly differentiated adenocarcinoma arising within a juvenile 
polyp [ 73 ]. 

  Coburn   studied 218 JP patients and found that the mean age of diagnosis was 
18.5 years for JP and 35.5 years for GI cancer. A total of 36 patients (17 %) devel-
oped GI cancer, 34 of the colorectum, 1 gastric, and 1 duodenal [ 74 ]. Howe et al. 
found that within the Iowa JP kindred, that 16/29 affected members (55 %) devel-
oped GI cancers, including 11 (38 %) with colorectal cancer, and 6 (21 %) with 
upper GI cancers (4 gastric, 1 pancreatic, 1 duodenal). The median age at presenta-
tion or diagnosis of JP was 32.7 years (range 6.0–68.2 years), and the median age of 
colorectal cancer was 42.0 years (the youngest was 17.4 years old) and 57.6 years 
for upper GI cancers (the youngest was 20.5 years old) [ 75 ]. Brosens et al. studied 
84  patients   from 44 families and found 8 with colorectal cancer (mean age of 43.9 
years) and calculated the lifetime colorectal cancer risk to be 38 % (and a 34-fold 
increased relative risk compared to the normal population). They had no cases of 
upper GI cancer in their cohort [ 76 ]. 

 The process by which juvenile polyps undergo transformation to malignant pol-
yps has not been thoroughly established,    although the development of adenomatous 
elements and later adenocarcinoma as suggested by Goodman et al. seems most 
plausible [ 13 ]. The specifi c mechanisms of how germline mutations in  SMAD4  or 
 BMPR1A  lead to polyps and cancer continue to be a matter of speculation. One the-
ory, the landscaper hypothesis, postulates that stromal changes lead to cancer in the 
overlying epithelium. This is based upon the observation that the majority of histo-
logic changes within juvenile polyps are found within the stroma, which might then 
create an abnormal landscape, and aberrant signaling (presumably in the BMP or 
TGFβ pathway) in this layer leads to neoplastic change within the adjacent epithe-
lium [ 77 ]. Another  possibility   is a tumor suppressor model, where germline mutation 
of one copy followed by somatic loss of the other within epithelial cells leads to 
cancer [ 78 ,  79 ]. Although neither of these models has been defi nitively proven, both 
should be considered useful paradigms of how polyps may transform into cancers.  

    Management 

 Patients presenting with symptoms of JP, including rectal bleeding,    changes in 
stool, abdominal pain, and intussusception should be worked up with a thorough 
history and physical. If colonoscopic evaluation yields fi ndings consistent with a 
possible diagnosis of JP (see diagnostic criteria) then follow-up should be per-
formed as described below. In addition, individuals who are fi rst-degree relatives of 
those with JP should also be worked up. 

 Individuals from a JP family with a known mutation in either  SMAD4  or  BMPR1A  
should undergo genetic testing within the fi rst 5 years of life [ 31 ]. If the results of 
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 the   genetic test are negative, then the patient does not need enhanced surveillance 
and may follow the same recommendations for colorectal cancer screening as the 
normal population. Patients who are found to have a mutation should follow the 
same screening regimen recommended for all JP patients. This includes  colonoscopy 
and upper endoscopy beginning either at age 15 or earlier if symptoms develop 
(such as anemia, bleeding, and abdominal pain). If an individual is found to have 
polyps, the gastroenterologist or surgeon should attempt to remove them colono-
scopically. If polyps are found, then repeat screening in 1 year is recommended, 
unless the polyps cannot be cleared. If  no   polyps are found, then colonoscopy and 
upper endoscopy can be extended out to every 3 years. If no mutation has been 
found within a family with JP, but a patient is at risk by virtue of having an affected 
fi rst-degree relative, then this person should undergo the same surveillance as rec-
ommended for someone with a known mutation above (Fig.  6.7 ) [ 80 ].

   When polyps are found, the management has been evolving. The early recom-
mendations from Sachatello et al. were for polypectomy or fulguration with resec-
tion of the affected bowel outside the rectum [ 28 ]. Grosfi eld et al. were  more 

  Fig. 6.7    Recommended screening algorithm for patients at risk for JP. This screening guideline is 
recommended for anyone who meets the criteria for JP or who otherwise has a family history of JP 
with unknown polyp status.  CBC  complete blood count (Figure originally from  Surgery ) [ 79 ]       
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  aggressive and recommended subtotal colectomy with ileorectal anastomosis (IRA) 
for patients with anemia from chronic rectal bleeding, hypoproteinemia resulting in 
failure to thrive, and recurrent intussusceptions [ 81 ]. These indications were 
expanded to all JP patients by Jarvinen et al. in 1993 when they recommended 
 prophylactic colectomy with IRA for patients with JP in their early 20s, in order to 
reduce the risk of colorectal cancer [ 82 ]. Oncel et al. compared their results of per-
forming subtotal colectomy with IRA with total proctocolectomy and ileoanal 
pouch (IPAA) in JP patients.    The functional results were better with IRA, and 
although 4 of 7 IRA patients eventually underwent completion proctectomy, the 
authors concluded that both procedures were reasonable options [ 83 ]. Howe et al. 
supported the use of subtotal colectomy with IRA in severe cases (100 or more 
polyps, signifi cant anemia, dysplasia), but recommended aggressive colonoscopic 
polypectomy as initial treatment for colorectal polyps in JP patients. In those having 
resection and IRA, screening would include fl exible sigmoidoscopy and upper 
endoscopy every 3 years [ 75 ]. Patients who have colonoscopic polypectomy should 
be screened yearly until polyp free, and then every 3 years thereafter. 

 The treatment  of   gastric polyps is more technically diffi cult due to their sessile 
nature and the fact that polyps are more diffuse and without well-defi ned stalks. If 
signifi cant anemia develops, or polyps develop dysplastic changes, then subtotal or 
total gastrectomy is recommended. As described earlier,    patients with  SMAD4  
mutations are at increased risk and may need more frequent screening than patients 
with  BMPR1A  or unknown mutations.  

    Summary 

 Our understanding of JP has come a long way over the past 2 decades. It has been 
recognized that despite the fact that patients have hamartomatous polyps, they are at 
signifi cant risk for colorectal and upper GI malignancies. Two predisposing genes 
have been clearly identifi ed which cause JP, and there are likely others since these 
only explain roughly one-half of cases. Understanding the genetics of JP has helped 
clarify and allowed separation from other hamartomatous polyposis syndromes, and 
suggested potential mechanisms by which cancers may develop in these patients. 
Screening algorithms have been suggested for JP based upon the age of onset of 
cancers and symptoms, and taking into account the results of genetic testing.     
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