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 “Although touched by technology, surgical pathology always 
has been, and remains, an art. Surgical pathologists, like all 
artists, depict in their artwork (surgical pathology reports) 
their interactions with nature: emotions, observations, and 
knowledge are all integrated. The resulting artwork is a poor 
record of complex phenomena.” 

 Richard J. Reed, MD   



           



vii

         One    Point of View 

 All small tumors do not always keep growing, especially small breast tumors, 
testicular tumors, and prostate tumors. Some small tumors may even disap-
pear without a treatment. Indeed, because prostate tumor grows slowly, it is 
not unusual that a patient may die at an advanced age of some other causes, 
but prostate tumor is discovered in an autopsy study. In some cases of pros-
tate tumors, the patient should be offered the option of active surveillance 
followed by PSA test or biopsies. Similarly, every small kidney tumor may 
not change or may even regress. Another example of cancer or precancer 
reversal is cervical cancer. Precancerous cervical cells found with Pap test 
may revert to normal cells. Tumor shrinkage, regression, dormancy, senes-
cence, reversal, or stabilization is not impossible. Can prosenescence therapy 
be an ef fi cient alternative strategy to standard therapies for cancer prevention 
and treatment? 

 Another known example of cancer regression is found in pediatric neuro-
blastoma patients. Neuroblastoma shows one of the highest rates of spontane-
ous regression among malignant tumors. In addition to the well-known 
spontaneous regression in stage 4S disease, the high incidence of neuroblas-
toma remnants found during autopsy of newborns suggest that localized 
lesions may undergo a similar regression (Guin et al. 1969). Later studies also 
indicate that spontaneous regression is regularly seen in infants with local-
ized neuroblastoma and is not limited to the  fi rst year of life (Hero et al. 
2008). These and other studies justify the “wait and see” strategy, avoiding 
chemotherapy and radiotherapy in infants with localized neuroblastoma, 
unless  MYCN  gene is ampli fi ed. Infants with nonampli fi ed  MYCN  and hyper-
diploidy can be effectively treated with less intensive therapy. Infants with 
disseminated disease without  MYCN  have excellent survival with minimal or 
no treatment. Another example of spontaneous shrinkage and loss of tumors 
without any treatment is an intradural lipoma (Endoh et al. 1998). 

 Although cancers grow progressively, various lesions such as cysts and 
thyroid adenomas show self-limiting growth. Probably, cellular senescence 
occurs in many organ types following initial mutations. Cellular senescence, 
the growth arrest seen in normal mammalian cells after a limited number of 
divisions, is controlled by tumor suppressors, including p53 and p16, and so 
this phenomenon is believed to be a crucial barrier to tumor development. It 
is well-established that cell proliferation and transformation induced by 
oncogene activation are restrained by cellular senescence. 
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 Metastasis is the main cause of death from cancer. Fortunately, metastasis 
is an inef fi cient process. Only a few of the many cancer cells detached from 
the primary tumor succeed in forming secondary tumors. Metastatic 
inef fi ciency varies depending on the location within an organ, but the malig-
nancy may continue to grow preferentially in a speci fi c tissue environment. 
Some of the cancer cells shed from the primary tumor are lost in the circula-
tion due to hemodynamic forces or the immune system, macrophages, and 
natural killer cells. 

 Periodic rejection of a drug by FDA, which was previously approved by 
the FDA, is not uncommon. Most recently, the FDA ruled that Avastin should 
not be used to treat advanced breast cancer, although it remains on the market 
to treat other cancers, including colon and lung malignancies. Side-effects of 
Avastin include high blood pressure, massive bleeding, heart attack, and dam-
age to the stomach and intestines. 

 Unwanted side-effects of some drug excipients (e.g., propylene glycol, 
menthol) may also pose safety concerns in some patients. Excipients are 
de fi ned as the constituents of the pharmaceutical formulation used to guaran-
tee stability, and physicochemical, organoleptic, and biopharmaceutical prop-
erties. Excipients frequently make up the majority of the volume of oral and 
parenteral drugs. Not all excipients are inert from the biological point of view. 
Although adverse drug reactions caused by the excipients are a minority of all 
adverse effects of medicinal products, the lack of awareness of the possible 
risk from excipients should be a concern for regulatory agencies, physicians, 
and patients (Ursino et al. 2011). Knowledge of the potential side-effects of 
excipients is important in clinical practice. 

 It is known that chemotherapy can cause very serious side-effects. One 
most recent example of such side-effects was reported by Rubsam et al. 
(2011). Advanced hepatocellular carcinoma (HCC) induced by hepatitis C 
virus was treated with Sorafenib. It is an oral multikinase inhibitor that inter-
feres with the serine/threonine kinases RAF-1 and B-Raf and the receptor 
tyrosine kinases of the vascular endothelial growth factor receptors and the 
platelet-derived growth factor receptor-beta. Although Sorafenib is effective 
in regressing HCC, it shows serious side-effects including increasingly pru-
ritic and painful skin changes (cutaneous eruption). 

 An example of unnecessary surgery is the removal of all the armpit lymph 
nodes after a biopsy when a sentinel node shows early stage breast cancer; 
removal of only the sentinel node may be needed. Limiting the surgery to the 
sentinel node avoids painful surgery of the armpit lymph nodes, which can 
have complications such as swelling and infection (such limited surgery is 
already being practiced at the Memorial Sloan-Kettering Cancer Research 
Center). Radiation-induced second cerebral tumors constitute a signi fi cant 
risk for persons undergoing radiotherapy for the management of cerebral 
neoplasms. High-grade gliomas are the most common radiation-induced 
tumors in children (Pettorini et al. 2008). The actual incidence of this compli-
cation is not known, although it is thought to be generally low.  
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   Medical Radiation 

 Chromosome aberrations induced by ionizing radiation are well-known. 
Medical radiation-induced tumors are well-documented. For example, sev-
eral types of tumors (sarcomas, meningiomas) can develop in the CNS after 
irradiation of the head and neck region (Parent 1990). Tumorigenic mecha-
nisms underlying the radiation therapy of the CNS are discussed by 
Amirjamshidi and Abbassioun (2000) (See below). 

 Radiation therapy is commonly used to treat, for example, patients with 
primary and secondary brain tumors. Unfortunately, ionizing radiation has 
limited tissue speci fi city, and tends to damage both neoplastic and normal 
brain tissues. Radiation-induced brain injury, in fact, is a potential, insidious 
later cerebral side-effect of radiotherapy. Most commonly it consists of dam-
age in small arteries and capillaries, resulting in secondary processes of 
ischemia. 

 After radiation therapy, imaging techniques (CT, MRI, SPECT) can be 
used to assess treatment response and detect radiation-induced lesions and 
recurrent tumors. Optical spectroscopy has also been used for detecting radi-
ation damage (Lin et al. 2005). The F 

500
  nm spectral peak allows accurate 

selection of tissues for biopsy in evaluating patients with new, contrast 
enhancing lesions in the setting of previous irradiation. This peak is highly 
correlated with a histological pattern of radiation injury. Deep lesions require 
a stereotactic biopsy to be conclusive. Also, much of the radiation effect is 
mediated by acute and chronic in fl ammatory cellular reactions. Biopsy sam-
ples supplement pathological differentiation of radiation effect from tumor 
progression. It should be noted that most of the biopsies show radionecrosis 
as well as scattered tumor cells. 

 Women treated with therapeutic chest radiation may develop cancer. This 
possibility becomes exceedingly serious considering that 50,000–55,000 
women in the United States have been treated with moderate to high-dose 
chest radiation (~20 Gy). This possibility is much more serious for pediatric 
or young adult cancer patients, because these women are at a signi fi cantly 
increased risk of breast cancer and breast cancer mortality following cure of 
their primary malignancy (Martens et al. 2008). A recent study also indicates 
that such young women develop breast cancer at a young age, which does not 
appear to plateau (Henderson et al. 2010). In this high-risk population, ironi-
cally there is a bene fi t associated with early detection. In other words, young 
women with early stage breast cancer following chest radiation have a high 
likelihood for favorable outcome, although life-long surveillance is needed. 

 Presently, although approximately 80% of the children with cancer are 
cured, the curative therapy could damage a child’s developing organ system; 
for example, cognitive de fi cits following cranial radiotherapy are well known. 
Childhood survivors of malignant diseases are also at an increased risk of 
primary thyroid cancer (Sigurdson et al. 2005). The risk of this cancer 
increases with radiation doses up to 20–29 Gy. In fact, exposure to radiation 
therapy is the most important risk factor for the development of a new CNS 
tumor in survivors of childhood cancer, including leukemia and brain tumors. 
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The higher risk of subsequent glioma in children subjected to medical radia-
tion at a very young age re fl ects greater susceptibility of the developing brain 
to radiation. The details of the dose–response relationships, the expression of 
excess risk over time, and the modifying effects of other host and treatment 
factors have not been well de fi ned (Neglia et al. 2006). 

 A recent study indicates that childhood brain tumor survivors are at an 
increased risk of late endocrine effects, particularly the patients treated with 
cranial radiation and diagnosed at a younger age (Shalitin et al. 2011). Among 
children with cancer, the application of radiotherapy, therefore, should not be 
taken lightly, and it should be administered only when absolutely necessary 
to successfully treat the primary tumor. When radiotherapy is administered, 
use of the minimum effective dose tends to minimize the risk of second CNS 
neoplasms (late effect). Prolonged follow-up of childhood cancer survivors 
(particularly those treated with radiation) is necessary because of the long 
period between treatment and the development of malignancy. This practice 
should be a part of the effective therapy of the primary disease. 

 It is well established that radiation doses are related to risk for subsequent 
malignant neoplasms in children with Hodgkin’s disease. It has been reported 
that increasing radiation dose was associated with increasing standardized 
incidence ratio (p = 0.0085) in survivors of childhood Hodgkin’s disease 
(Constine et al. 2008). Approximately, 75% of subsequent malignancies 
occurred within the radiation  fi eld. Although subsequent malignancies occur, 
for example, in breast cancer survivors in the absence of radiotherapy, the rise 
increases with radiation dose. 

 The pertinent question is: Is it always necessary to practice tumor surgery, 
radiotherapy, chemotherapy, or hormonal therapy, or a combination of these 
therapies? Although the conventional belief is that cancer represents an 
“arrow that advances unidirectionally”, it is becoming clear that for cancer to 
progress, it requires cooperative microenvironment (niche), including immune 
system and hormone levels. However, it is emphasized that advanced (malig-
nant) cancers do not show regression, and require therapy. In the light of the 
inadequacy of standard treatments of malignancy, clinical applications of the 
stem cell technology need to be expedited.  

   Prostate Cancer 

 There were an estimated 217,730 new cases of prostate cancer in the United 
States in 2010 with 32,050 deaths, making it the second leading cause of 
cancer deaths in men. Currently, there are more than 2,000,000 men in the 
United States who have had radical or partial prostate surgery performed. 
Considering this huge number of prostate surgeries and the absence of a 
cumulative outcome data, it seems appropriate to carefully examine the 
bene fi ts of radical surgery, especially in younger men. 

 Clinical prostate cancer is very rare in men of the ages younger than 
40 years. In this age group the frequency of prostate malignancy is 1 in 10,000 
individuals. Unfortunately, the incidence of malignancy increases over the 
ensuing decades, that is, the chance of prostate malignancy may reach to 1 in 
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7 in men between the ages of 60 and 79 years. Reactive or aging-related alter-
ations in the tumor microenvironment provide suf fi cient in fl uence, promoting 
tumor cell invasion and metastasis. It has been shown that nontumorigenic 
prostate epithelial cells can become tumorigenic when cocultured with 
 fi broblasts obtained from regions near tumors (Olumi et al. 1999). 

 Prostate cancer treatment is one of the worst examples of overtreatment. 
Serum prostate speci fi c antigen (PSA) testing for the early detection of pros-
tate cancer is in wide use. However, the bene fi t of this testing has become 
controversial. The normal cut-off for serum levels of PSA is 4 ng/ml, so a 
man presenting with a PSA above this level is likely to require a rectal biopsy, 
but only in 25% of men with serum levels of PSA between 4 ng and 10 ng/ml 
have cancer (Masters 2007). The PSA threshold currently being used for 
biopsy ranges between 2.5 and 3.4 ng/ml. Up to 50% of men presenting with 
prostate cancer have PSA levels within the normal range. It is apparent that 
screening of prostate cancer using PSA has a low speci fi city, resulting in 
many unnecessary biopsies, particularly for gray zone values (4 ng–10 ng/
ml). According to one point of view, the risks of prostate cancer overdetection 
are substantial. In this context, overdetection means treating a cancer that 
otherwise would not progress to clinically signi fi cant disease during the life-
time of the individual. Overdetection results in overtreatment. The advan-
tages and limitations of PSA test in diagnosing prostate cancer were reviewed 
by Hayat (2005, 2008). 

 Androgen deprivation therapy (ADT) is an important treatment for patients 
with advanced stage prostate cancer. This therapy is carried out by blocking 
androgen receptor or medical or surgical castration. Although ADT is ini-
tially very effective, treated tumors inevitably progress to androgen-indepen-
dent prostate cancer (AIPC); which is incurable. One possible mechanism 
responsible for the development of AIPC is modulation of the tissue microen-
vironment by neuroendocrine-like cancer cells, which emerge after ADT 
(Nelson et al. 2007). 

 Recently, Pernicova et al. (2011) have further clari fi ed the role of andro-
gen deprivation in promoting the clonal expansion of androgen-independent 
prostate cancer. They reported a novel linkage between the inhibition of the 
androgen receptor activity, down-regulation of S-phase kinase-associated 
protein 2, and the formation of secretory, senescent cells in prostate tumor 
cells. It is known that several components of the SASP secretome, such as 
IL-6, IL-8, KGH, and epidermal growth factor, are capable of transactivating 
androgen receptor under androgen-depleted conditions (Seaton et al. 2008). 
It needs to be pointed out that androgen deprivation therapy, used in high-risk 
patients with prostate cancer, may cause reduced libido, erectile dysfunction, 
fatigue, and muscle loss; osteoporosis is also a late complication. Therefore, 
periodic bone density scanning needs to be considered. 

 Recently, the FDA cleared the use of NADiA (nucleic acid detection immu-
noassay) ProsVue prognostic cancer test. This proprietary nucleic acid detec-
tion immunoassay technology identi fi es extremely low concentrations of 
proteins that have not been routinely used as a diagnostic or prognostic aid. It 
is an  in vitro  diagnostic assay for determining the rate of change of serum total 
PSA over a period of time. The assay can quantitate PSA at levels < 1 ng/ml. 
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This technique can be used as a prognostic marker, in conjunction with clinical 
evaluation, to help identify patients at reduced risk for recurrence of prostate 
cancer for years following prostatectomy. It targets the early detection of pro-
teins associated with cancer and infectious diseases. This technique combines 
immunoassay and real-time PCR methodologies with the potential to detect 
proteins with femtogram/ml sensitivity (10–15 g/ml). Additional clinical 
information is needed regarding its usefulness in predicting the recurrence. 

 A signi fi cant decrease in the risk of prostate cancer-speci fi c mortality is 
observed in men with few or no comorbidities. Indeed, active surveillance in 
lieu of immediate treatment (surgery or radiation, or both) is gaining accep-
tance. Most men with prostate cancer, even those with high-risk disease, ulti-
mately die as a result of other causes (Lu-Yao et al. 2009). Debate on this 
controversy is welcome, but narrow opinions and facile guidelines will not 
lead to facts and new information; men worldwide deserve it (Carroll et al. 
2011). Automatic linking    of positive diagnosis with treatment, unfortunately, 
is a common clinical practice. Unfortunately, even men who are excellent 
candidates for active surveillance in the United States often undergo some 
treatment. Deferment of treatment is advised in men with low-risk disease, 
especially of a younger age. 

 Active surveillance is proposed for patients with low-risk prostate cancer 
in order to reduce the undesirable effects of overdiagnosis. Prostate speci fi c 
antigen serum level lower than 10 ng/L and Gleason score lower than 7 are 
the main criteria to select patients for active surveillance. The correct use of 
these two criteria is essential to differentiate between aggressive and nonag-
gressive prostate cancer. Autopsy studies indicate that approximately one out 
of three men older than 50 years show histological evidence of prostate can-
cer (Klotz 2008). Thus, a large proportion of prostate cancers are latent, never 
destined to progress, or affect the life of the patient. It is estimated that the 
percentage of low-risk prostate cancer is between 50 and 60% of newly diag-
nosed cases. A large number of patients die having prostate cancer, but not 
because of this cancer (Filella et al. 2011). 

 First whole genome sequences of prostate tumors were recently published 
online in  Nature  journal (vol. 470: 214–220 2011). This study revealed that 
rather than single spelling errors, the tumor has long “paragraphs” of DNA 
that seem to have broken off and moved to another part of the genome (rear-
rangement of genes), where they are most active. These portions of DNA 
contain genes that help drive cancer progression. The mutated genes involved 
include  PTEN ,  CADM2 ,  MAG12 ,  SPOP,  and  SPTA1 . This information may 
lead to the development of more ef fi cient, less invasive ways to diagnose and 
treat this cancer. Such information, in addition, should lead to personalized 
therapeutics according to sequencing results of different gene mutations or 
chromosomal rearrangements. The urgent need of such studies becomes 
apparent considering the huge number of new cases of prostate problems 
reported every year. 

 In contrast to prostate cancer, cardiovascular disorders take the heavier toll 
of life. In other words, the risk of death for men in the United States between 
the ages of 55 and 74 years due to cardiovascular disease surpasses that of 
prostate cancer. Cardiovascular disease is the most common of the chronic 
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non-communicable diseases that impact global mortality. Approximately, 
30% of all deaths worldwide and 10% of all healthy life lost to disease are 
accounted for by cardiovascular disease alone. 

 In conclusion, initial treatment with standard surgery, irradiation, chemo-
therapy, or hormonal therapy, or combination of these protocols can result in 
both local and systemic sequelae. Therefore, surveillance for late recurrence 
and secondary primary malignancies is recommended for most cancer 
patients. Patients with breast, lung, prostate, colorectal, and head and neck 
cancers constitute the largest groups requiring long-term monitoring and 
 follow-up care.

Eric Hayat  

   References 

 Amirjamshidi A, Abbassioun K (2000) Radiation-induced tumors of the central nervous 
system occurring in childhood and adolescence. Childs Nerv Syst 16:390–397 

 Carroll PR, Whitson JH, Cooperberg MR (2011) Serum prostate-speci fi c antigen for the 
early detection of prostate cancer; always, never, or only sometimes? J Clin Oncol 
29:345–346 

 Constine LS, Tarbell N, Hudson MM et al (2008) Subsequent malignancies in children 
treated for Hodgkin’s disease; associations with gender and radiation dose. Int J Radiat 
Oncol Biol Phys 72:24–33. 

 Endoh M, Iwasaki Y, Koyanagi I, Hida K, Abe H (1998) Spontaneous shrinkage of 
Iumbosacral lipoma in conjunction with a general decrease in body fat: case report. 
Neurosurgery 43(1):150–151; discussion 151–152 

 Filella X, Alcover J, Molina R (2011) Active surveillance in prostate cancer: the need to 
standardize. Tumor Biol 32:839–843 

 Guin P, Gilbert E, Jones B (1969) Incidental neuroblastoma in infants. Am J Clin Pathol 
51:126–136 

 Hayat MA (2005) Prostate carcinoma: an introduction. In: Immunohistochemistry and in 
situ hybridization of human carcinomas, vol 2. Elsevier, San Francisco, pp 279–297 

 Hayat MA (2008) Prostate carcinoma. In: Methods of cancer diagnosis, therapy, and prog-
nosis, vol 2. Springer, New York, pp 391–396. 

 Henderson TO, Amsterdam A et al (2010) Surveillance for breast cancer in women treated 
with chest radiation for a childhood, adolescent or young adult cancer: a report from 
Children’s Oncology Group. Ann Intern Med 152:1–22 

 Hero S, Simon T, Spitz R, Ernestus K, Gnekow A, Scheel-Walter H, Schwabe D, Schilling 
F, Benz-Bohm G, Berthold F (2008) Localized infant neuroblastomas often show spon-
taneuous regression: results of the prospective trials NB95-S and NB 97. J Clin Oncol 
26:1504–1510 

 Klotz L (2008) Low-risk prostate cancer can and should often be managed with active 
surveillance and selective delayed intervention. Nat Clin Pract Urol 5:2–3 

 Lin W-C, Mahadevan-Jansen A, Johnson MD, Weil R, Toms SA (2005)  In vivo  optical 
spectroscopy detects radiation damage in brain tissue. Neurosurgery 57:518–525 

 Lu-Yao GL, Albertsen PC, Moore DF et al (2009) Outcomes of localized prostate cancer 
following conservative management. JAMA 302:1202–1209 

 Masters JR (2007) Clinical applications of expression pro fi ling and proteomics in prostate 
cancer. Anticancer Res 27:1273–1276 

 Mertens AC, Liu Q, Neglia JP et al (2008) Cause-speci fi c late mortality among 5-year 
survivors of childhood cancer: the childhood cancer survivor study. J Natl Cancer Inst 
100:1368–1379 

 Neglia JP, Robison LL, Stovall M, Liu Y, Packer R/J et al (2006) New primary neoplasms 
of the central nervous system in survivors of childhood cancer: a report from the child-
hood cancer survivor study. J Natl Cancer Inst 98:1528–1537 



xiv One Point of View

 Nelson EC, Cambio AJ, Ok JH, Lara PN Jr, Evans CP (2007) Clinical implications of 
nueroendocrine differentiation in prostate cancer. Prostate Cancer Prostatic Dis 10:6–14 

 Olumi AF, Grossfeld GD, Hayward SW, Carroll PR, Tlsty TD, Cunha GR (1999) 
Carcinoma-associated  fi broblasts direct tumor progression of initiated human prostatic 
epithelium. Cancer Res 59:5002–5011 

 Parent AD (1990) Late complications of radiation-induced neoplasms. Neurosurgery 
26:1090–1091 

 Pernicova Z, Slabakova E, Kharaishvill G, Bouchal J, Kral M, Kunicka Z, Machalam M, 
Kozubik A, Soucek K (2011) Androgen depletion induces senescence in prostate can-
cer cells through down-regulation of SKp2. Neoplasia 13:526–536 

 Pettorini BL, Park Y-S, Caldarelli M, Massimi L, Tamburrini G, DiRocco C (2008) 
Radiation induced brain tumors after central nervous system irradiation in childhood: a 
review. Childs Nerv Syst 24:793–805 

 Rubsam K, Flaig MJ, Ruzicka T, Prinz JC (2011) Erythema marginatum hemorrhagicum: 
a unique cutaneous side effect of sorafenib. J Am Acad Dermatol 64:1194–1196 

 Seaton A, Scullin P, Maxwell PJ, Wilson C, Pettigrew J, Gallagher R, O’Sullivan JM, 
Johnston PG, Waugh DJ (2008) Interleukin-8 signaling promotes androgen-indepen-
dent proliferation of prostate cancer cells via induction of androgen receptor expression 
and activation. Carcinogenesis 6:1148–1156 

 Shalitin S, Gal M, Goshen Y, Cohen I, Yaniv I, Philip M (2011) Endocrine outcome in 
long-term survivors of childhood brain tumors. Horm Res Paediatr 76:113–122 

 Sigurdson AJ, Ronckers CM, Mertens AC et al (2005) Primary thyroid cancer after a  fi rst 
tumor in childhood (the childhood cancer survivor study): a nested case–control study. 
Lancet 365:2014–2023 

 Ursino MG, Poluzzi E, Caramella C, DePonti F (2011) Excipients in medicinal products 
used in gastroenterology as a possible cause of side effects. Regul Toxicol 60:93–105      



xv

   Preface      

 It is recognized that scienti fi c journals and books not only provide current 
information but also facilitate exchange of information, resulting in rapid 
progress in the medical  fi eld. In this endeavor, the main role of scienti fi c 
books is to present current information in more details after careful additional 
evaluation of the investigational results, especially those of new or relatively 
new therapeutic methods and their potential toxic side-effects. 

 Although subjects of diagnosis, drug development, therapy and its assess-
ment, and prognosis of tumors of the central nervous system, cancer recur-
rence, and resistance to chemotherapy are scattered in a vast number of 
journals and books, there is need of combining these subjects in single vol-
umes. An attempt will be made to accomplish this goal in the projected ten-
volume series of handbooks. 

 In the era of cost-effectiveness, my opinion may be minority perspective, 
but it needs to be recognized that the potential for false-positive or false-
negative interpretation on the basis of a single laboratory test in clinical 
pathology does exist. Interobserver or intraobserver variability in the inter-
pretation of results in pathology is not uncommon. Interpretative differences 
often are related to the relative importance of the criteria being used. 

 Generally, no test always performs perfectly. Although there is no perfect 
remedy to this problem, standardized classi fi cations with written de fi nitions 
and guidelines will help. Standardization of methods to achieve objectivity is 
imperative in this effort. The validity of a test should be based on the careful, 
objective interpretation of the tomographic images, photo-micrographs, and 
other tests. The interpretation of the results should be explicit rather than 
implicit. To achieve accurate diagnosis and correct prognosis, the use of 
molecular criteria and targeted medicine is important. Equally important are 
the translation of molecular genetics into clinical practice and evidence-based 
therapy. Translation of medicine from the laboratory to clinical application 
needs to be carefully expedited. Indeed, molecular medicine has arrived. 

 This is the tenth volume in the series,  Tumors of the Central Nervous 
System . As in the case of the nine previously published volumes, this volume 
mainly contains information on the diagnosis, therapy, and prognosis of brain 
tumors. Various aspects of three types of tumors (Pineal, Pituitary, and Spinal 
Tumors) are discussed. 

 Introduction to new technologies and their applications to tumor diagno-
sis, treatment, and therapy assessment are explained. Molecular pro fi ling of 
brain tumors to select therapy in clinical trials of brain tumors is included. 
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Several surgical treatments, including resection and radiosurgery, are dis-
cussed. The remaining volumes in this series will provide additional recent 
information on this and other aspects of CNS malignancies. 

 By bringing together a large number of experts (oncologists, neurosur-
geons, physicians, research scientists, and pathologists) in various aspects of 
this medical  fi eld, it is my hope that substantial progress will be made against 
this terrible disease. It would be dif fi cult for a single author to discuss effec-
tively the complexity of diagnosis, therapy, and prognosis of any type of 
tumor in one volume. Another advantage of involving more than one author 
is to present different points of view on a speci fi c controversial aspect of the 
CNS cancer. I hope these goals will be ful fi lled in this and other volumes of 
this series. This volume was written by 93 contributors representing 20 coun-
tries. I am grateful to them for their promptness in accepting my suggestions. 
Their practical experience highlights their writings, which should build and 
further the endeavors of the reader in this important area of disease. I respect 
and appreciate the hard work and exceptional insight into the nature of cancer 
provided by these contributors. The contents of the volume are divided into 
three subheadings: Pineal Tumors, Pituitary Tumors, and Spinal Tumors for 
the convenience of the reader. 

 It is my hope that this volume will join the preceding volumes of the series 
for assisting in the more complete understanding of globally relevant cancer 
syndromes. There exists a tremendous, urgent demand by the public and the 
scienti fi c community to address to cancer diagnosis, treatment, cure, and 
hopefully prevention. In the light of existing cancer calamity,  fi nancial fund-
ing by governments must give priority to eradicating this deadly malignancy 
over military superiority. 

 I am thankful to Dr. Kristie Reilly for recognizing the importance of medi-
cal research and publishing through an institution of higher education. I am 
also thankful to Jennifer Russo for her contribution to the preparation of this 
volume. 

 M.A. Hayat       
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  Abstract 

 Tumors of the central nervous system (CNS) 
demonstrating papillary features, and particu-
larly in the pineal region, are rare. Papillary 
tumor of the pineal region (PTPR) is a recently 
described rare neuroepithelial tumour 
included in the fourth edition of the World 
Health Organization (WHO) classi fi cation of 
tumours of the CNS, published in 2007. This 
new histopathological entity manifests in 
children and adults, with magnetic resonance 
(MR) imaging showing variable degree of T1 
hyperintensity signal as well as contrast 
enhancement. In addition to the initial report 
of six cases by Jouvet et al. (Am J Surg Pathol 
27:505–512, 2003) several case reports have 
been published in the literature to date. PTPR 
is characterized by presenting an epithelial-
like cytology and a papillary architecture with 
immunoreactivity for broad-spectrum cytok-
eratins. Ultrastructurally observed features 
suggest ependymal differentiation and a pos-
sible origin from specialized ependymal cells 
of the subcommissural organ (SCO) has been 
postulated. The differential diagnosis of 
PTPR include pineal parenchymal tumors, 
choroid plexus tumors, papillary ependymoma, 
papillary meningioma, and metastasis. As a 
result of the rarity of these tumors, the bio-
logical behaviour of PTPR is not yet clear. It 
may correspond to WHO grades II or III. The 
high risk of local recurrence makes accurate 
surgery followed by radiotherapy necessary 
to achieve optimal treatment.      
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   Introduction 

 Pineal region tumors constitute <1% of all 
intracranial tumors. The anatomical relations of 
this location include the quadrigeminal plate 
cistern, the posterior part of the thalamus, vein 
of Galen or the posterior third ventricle. Despite 
sharing a common brain area and often display-
ing similar imaging characteristics, pineal region 
tumors are very heterogeneous. Because of the 
variety of tumor types that occur in this region, 
usually histologic diagnosis is required to give 
an appropriate therapy. This tissue diagnosis 
can be made via stereotactic or endoscopic 
biopsy or an open surgical approach. 

 Historically, surgical management of pineal 
region tumors has been strongly in fl uenced by 
unfavorable results after direct surgical interven-
tion being considered as unresectable lesions. 
Now we know that ~30% of pineal tumors are 
benign and can be cured with gross total resec-
tion. The prognosis for malignant lesions has 
already improved as a result of combined therapy 
including surgery, radiation, radiosurgery, and 
chemotherapy. 

 PTPR was  fi rst described in 2003 when Jouvet 
et al. reported a series of six cases of papillary 
tumors of the pineal region with distinct features. 
Recently, it has been included as a new clinico-
pathological entity in the latest edition of the 
WHO Classi fi cation of Tumours of the CNS 
(Jouvet et al.  2007  ) .  

   Clinical Presentation 

 According to the series reported by Fèvre-Montange 
et al.  (  2006  ) , patients’ ages ranged from 5 to 
66 years with a mean age of 29.9 years. A slight 
female preponderance was noted with a female to 
male ratio of 17:14. The majority of patients with 
pineal region tumors present with symptoms of 
obstructive hydrocephalus, such as headache, vom-
iting, lethargy or impaired upgaze (Parinaud phe-
nomena). PTPR is not an exception. Furthermore, 
it is characterized by progressive growth, frequent 
local recurrence, and rare spinal dissemination. 

 Recently, a case of a young patient with early 
cerebrospinal  fl uid dissemination and a possible 
multicentric origin was reported by Sato et al. 
 (  2009  ) . Different series in the literature describe 
an initial clinical presentation consisting of 
headache without other neurological signs. Until 
now, it remains dif fi cult to predict the biological 
behavior and natural course. The different growth 
and recurrence rates reported are probably due to 
the intrinsic characteristics of these tumors dem-
onstrating a large spectrum of variability.  

   Radiology 

 Neuroradiological data are still limited, making 
PTPR radiological diagnosis a true challenge. 
Brain MRI is the gold standard to distinguish it 
from other tumors that may occur in the same 
location. A pineal mass with variable degree of 
intrinsic T1 hyperintensity and contrast enhance-
ment suggests the diagnosis of PTPR (Chang 
et al.  2008  ) . The common features of PTPR on 
imaging are its well-circumscribed and cystic 
component (Fig.  1.1 ). It is known that intrinsic 
tumor cells with well-differentiated secretory 
functions produce proteins, glycoproteins and 
other T1-shortening substances. This heteroge-
neous content in the cystic spaces of the tumor 
should explain this variable enhancement. When 
fat, hemorrhage, melanin or calci fi cation in a 
mass of the posterior commissure or pineal region 
are ruled out with CT and MRI, the diagnosis of 
PTPR may be suggested so that speci fi c studies 
should be performed for a de fi nitive diagnosis.   

   Histology 

 PTPR is thought to arise from the specialized 
ependymal cells in the subcommissural organ 
(SCO) of the pineal region (Jouvet et al.  2003  ) . 
This hypothesis is supported by the similarities in 
morphologic and ultrastructural features between 
the ependymal cells and the tumor cells in PTPR. 
The SCO is an ependymal gland located at the 
entrance of the third ventricle that secretes glyco-
proteins into the ventricular cerebrospinal  fl uid. 
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The SCO regresses after birth; therefore, only 
remnants of the specialized SCO cells invading 
the pineal gland can be found in adults. 

 PTPR is an epithelial-like cellular tumor with 
papillary features as its main histological hall-
mark (Fig.  1.2 ). Areas of solid cellular sheets 
and the presence of perivascular pseudorosettes, 
true ependymal rosettes and “microlumens”, 
which appear to be rosettes (Shibahara et al. 
 2004 ; Boco et al.  2008  )  are also seen. Large 
cuboidal or columnar epithelial-like cells with 
clear, eosinophilic or vacuolated cytoplasm are 

identi fi ed in most reported cases (Buffenoir et al. 
 2008  ) . The presence of necrosis has been reported 
in most of the cases while microvascular prolif-
eration is consistently absent in the tumor. 
Mitotic activity is usually moderate ranging from 
0 to 10 mitoses/10HPF.  

 Immunohistochemical pro fi les of PTPR are 
quite diverse as the SCO expresses different pro-
teins throughout the development process 
(Hasselblatt et al.  2006  ) . Cells of the SCO tran-
siently express CK, this fact can be related to 
the constant expression of cytokeratins including 

  Fig. 1.1     Left : MRI showing a well-circumscribed and cystic pineal region mass with intrinsic hyperintensity causing 
supratentorial obstructive hydrocephalus.  Right : MRI performed after surgical resection       

  Fig. 1.2    Pathologic 
examination showing an 
epithelial-appearing tumor 
with papillary features       
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AE1/AE3, CAM5.2, and cytokeratin 18, more 
evident in the papillary component (Fig.  1.3 ). 
PTPR also shows EMA immunoreactivity, usually 
restricted to the cell surface or as small ring or dot-
like intracytoplasmic reactivity. Vimentin, S100 
protein, and neuron-speci fi c enolase immunola-
beling is very frequently positive. Transthyretin, 
synaptophysin, and chromogranin immunolabel-
ing can be seen but is usually weak and focal. 
Furthermore, weak GFAP labeling has been 
reported but is limited to the perivascular zones 
and reactive astrocytes. The Ki-67 proliferation 
index ranges between 5 and 10% being higher than 
10% in some cases.  

 Ultrastructural features such as junctional 
complexes formed by tight junctions and zonulae 
adherentes are indicative of ependymal differen-
tiation. The nuclei are round-to-oval shaped, 
sometimes indented, and situated in the basal pole 
of the tumor cells. On the other hand, microvil-
lous cytoplasmic surface at the apical pole is 
observed, but cilia are rare. The cytoplasm con-
tains many organelles as phagolysosomes, endo-
cytosis vesicles or microtubules. Furthermore, 
most of the cells have a fair number of mitochon-
dria and rough endoplasmic reticulum (Jouvet 
et al.  2003  ) . 

 Owing to the papillary architecture of PTPR, 
other pineal neoplasms showing papillary fea-
tures must be considered among the differential 

diagnoses such as pineal parenchymal tumor, 
choroid plexus tumors, papillary ependymoma, 
meningioma and, in adults, metastasis. However, 
these entities may be distinguished from PTPR 
based on speci fi c morphology, immunohistoche-
mistry and ultrastructural  fi ndings. 

 Pineal parenchymal tumors show strong 
immunoreaction for neuronal markers such as 
synaptophysin, unlike PTPR in which none or 
focal reactivity can be seen. Ependymomas can 
present with papillary features but in contrast to 
PTPR they frequently express GFAP. In addition, 
cytokeratin immunoreactivity is seen in all 
reported PTPR cases; however, it is only focally 
identi fi ed in ependymomas. Despite an immuno-
histochemical reactivity pro fi le similar to choroid 
plexus tumors, PTPR is less papillary than chor-
oid plexus papilloma and is more differentiated 
than choroid plexus carcinoma. Moreover, EMA 
labeling is much weaker in PTPR than in choroid 
plexus tumors. Papillary meningiomas, in con-
trast to PTPR, usually have meningothelial-like 
regions (whorls and psammoma bodies) in addi-
tion to the papillary features, lack true rosettes, 
have widespread EMA immunoreactivity, and 
are GFAP negative (Shibahara et al.  2004 ; 
Hasselblatt et al.  2006 ; Boco et al.  2008  ) . PTPR 
can resemble papillary metastatic carcinomas; 
however, the latter appear more epithelial and 
are immunoreactive to cytokeratins and EMA 

  Fig. 1.3    Tumor cells are 
diffusely and intensely 
immunoreactive for 
CAM 5.2       
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antibodies, while S100, GFAP, and synaptophysin 
are nonreactive. Germ cell tumors and other third 
ventricle or other CNS papillary tumors pose no 
real diagnostic problem and can be ruled out 
based on morphologic features, ultrastructural 
 fi ndings, and immunohistochemistry.  

   Natural History, Management 
and Outcome 

 Presently, given the rarity of these tumors, it 
remains dif fi cult to predict the biological behav-
ior, natural course, and appropriate management 
of PTPR (Cerase et al.  2009  ) . It has been 
reported that the different growth and recurrence 
rates are probably due to intrinsic characteris-
tics of these tumors demonstrating a large spec-
trum of variability. Most cases showed aggressive 
behavior, 5-year overall survival and progres-
sion-free survival have been estimated as 73 and 
27%, respectively, on Kaplan–Meier survival 
curves (Fèvre-Montange et al.  2006  ) . 

 The currently recommended treatment is surgi-
cal resection, which must be as complete as pos-
sible, because it is the only prognostic factor that 
has a tendency to correlate with overall survival 
and recurrence currently identi fi ed in the literature. 
Occipital craniotomy and supracerebellar infraten-
torial approach is the most used procedure to per-
form the resection of this deep localized tumor 
(Kern et al.  2006 ; Dagnew et al.  2007  ) . 

 Local recurrence rates makes complementary 
radiotherapy necessary. Fractionated radiotherapy 
at a dose of 50 Gy currently appears to be the stan-
dard regimen, but the value of radiotherapy in 
terms of disease progression needs to be further 
investigated, as reported by Santarius et al.  (  2008  ) . 
Chemotherapy has been proposed in speci fi c 
cases: rapid spinal dissemination, a patient treated 
by  fi rst-line radiotherapy, and a patient who devel-
oped local recurrence. However, the bene fi t of 
chemotherapy is yet to be determined. 

 In conclusion, papillary tumor of the pineal 
region is a newly described and rare neuroepithe-
lial tumour included in the last edition of the 
World Health Organization (WHO) classi fi cation 
of tumours of the CNS. Histologic diagnosis is 

dif fi cult as many primary or secondary tumors of 
the pineal region can present papillary architec-
ture, being papillary ependymoma and choroid 
plexus tumors, the two main differential diagno-
ses. The clinicopathologic pro fi le of PTPR 
remains incomplete, appearing to run a diverse 
spectrum of clinical courses. However, most 
cases tend to show an aggressive behavior, with 
high rates of local recurrence. Therefore, it is 
important to plan a tumoral resection as radical as 
possible, followed by radiotherapy to achieve the 
best results in this type of tumor.      
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  Abstract 

 Pineal region tumors are rare in children. They 
are predominantlly seen in males and median 
age is usually reported less than 10 years 
according to different studies. They show 
diversity in histopathology and the treatment 
of these tumors depends majorly on this fea-
ture. Germ cell tumors compose nearly 60% 
of all cases and pineal parenchymal tumors 
were the second most common tumor type in 
this region. Unlike the other parts of the brain, 
gliomas and other tumors constitute less than 
5% of the tumors of this region. Lesions of 
benign histology should also be considered in 
differential diagnosis. Endocrinological signs 
and symptoms may also prominently accom-
pany the symtoms and signs of increased 
intracranial pressure and hydrocephalus 
because of the regulatory function of the pineal 
gland on the whole endocrine system. Besides 
tumor histopathology, the prognosis is also 
associated with treatment modalities such as 
surgery which is the mainstay of the treatment 
and appopriate adjuvant and/or neoadjuvant 
treatment modalities which would be dis-
cussed later in the subsequent chapter.      

   Introduction 

 Pineal region is the part of the central nervous 
system where tumors with extremely different 
histopathology, either benign or malignant, can be 
seen. Since fundamental of management depends 
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on histopathology, differential diagnosis of these 
lesions is noteworthy. Pineal region is a deep 
seated part of the brain and management is some-
times dif fi cult. Diagnostic procedures other than 
surgery are sometimes mandatory as previously 
used. Herein, the epidemiology, pathology, clini-
cal features and issues of laboratory diagnosis 
involving the pineal tumors are discussed from 
the view of pediatric oncology.  

   Epidemiology 

 Tumors arising in the pineal region are rare. They 
usually account less than 1% of all brain tumors 
in adults but they have been reported between 0.4 
and 2% of all primary nervous system tumors in 
children (Blaney et al.  2006  ) . The incidence 
reported from different parts of the world varied 
from 2.2 to 12.5%, which was markedly higher in 
the Northeast Asia (The comittee of Brain Tumor 
Registry of Japan  1992 ; Graziano et al.  1987 ; 
Koide et al.  1980 ; Rubinstein  1981 ; Cho et al. 
 1998 ; Yazici et al.  2009 ; Fuller et al.  1994 ; Packer 
et al.  1984  )  Recent data from ‘The Surveillence 
Epidemiology and End Results’ (SEER) revealed 
that the pineal tumors account for 0.8% of all 
77,264 central nervous system tumors between 
1973 and 2005 with an age range of 0–83 years 
(Al-Hussaini et al.  2009  ) . According to this 
cohort, 56% of the cases were under 18 years-old 
(n = 355). 

 Male predominance was reported in majority 
of the reports. Konavalov and Pitskhelauri  (  2003  )  
and Packer et al.  (  1984  )  reported the lowest male 
to female ratio which was 1.3 each. The other 
experiences revealed male to female ratio rang-
ing from 2 to 3.36 (Cho et al.  1998 ; Kang et al. 
 1998 ; Tamaki and Yin  2000 ; Kumar et al.  2006  )  
The SEER data recently revealed this ratio as 3.1 
in which was a huge experience with 477 pineal 
tumors in males vs. 156 in females (Al-Hussaini 
et al.  2009  ) . In 2 pediatric experiences except 
Packer et al.  (  1984  ) , male to female ratio was 
reported as 2 and 2.6 (Yazici et al.  2009 ; Shin 
et al.  1998  )  

 Median age was between 13 and 20 years in 
series with both pediatric and adult patient popu-
lations (Al-Hussaini et al.  2009 ; Konovalov and 
Pitskhelauri  2003 ; Tamaki and Yin  2000 ; Cho 
et al.  1998  )  and it was between 6 and 9.5 years in 
cases only with pediatric series (Packer et al. 
 1984 ; Pendl and Vorkapic  1985 ; Shin et al.  1998 ; 
Yazici et al.  2009  ) . The difference could be result-
ing from the upper range limit of the studies 
which was 15 in one series and 20 in the other 
(Shin et al.  1998 ; Knierim and Yamada  2003  ) . 

 The recent report from SEER with 633 pineal 
tumors of adults and children revealed that germ 
cell tumors composed 59% of all cases and pineal 
parenchymal tumors were the second most com-
mon tumor type of this region with around 30%. 
Gliomas constituted 5%, other tumors were about 
5% and atypical teratoid rhabdoid tumors were 
less than 1% (Al-Hussaini et al.  2009  ) .  

   Anatomy, Histology, and Physiology 
of the Pineal Gland 

 The pineal gland occurs as a diverticulum in sec-
ond month of gestation in the roof of third ven-
tricle. The gland is a midline structure of the 
epithalamus and it is attached to the diencepha-
lon by the pineal stalk. It projects backward so 
that it lies posterior to the midbrain. Third ven-
tricle is laid in front of the gland. The base of the 
pineal stalk possesses a recess that is continuous 
with the cavity of the third ventricle. The gland 
is posteriorly surrounded by a capsule, composed 
of connective tissue which continues with the 
leptomeninges. The arterial blood is transported 
via the posterior cerebral artery and internal 
cerebral veins and the vein of Galen are respon-
sible from the venous return. The gland was 
innervated with noradrenerjic symphatic nerves 
(Snell  1992  ) . The gland is usually 8–10 mm in 
length and its weight is about 0.15–0.20 g. Pineal 
gland parenchyma was composed of lobules with 
different size (200–1,000  m m) and shape. The 
connective tissue from the capsule enters into the 
gland which forms septae around these lobules 
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and contains a loose connective tissue of vessels 
(de Girolami et al.  2008  ) . 

 Pineal gland is histologically composed of 
three major groups of cells. These are pineal 
parenchymal cells (pineocytes or pinealocytes), 
glial cells (astrocytes, ependymal cells), and 
connective tissue cells (blood vessels and nerves) 
(de Girolami et al.  2008  ) . The pineal parenchy-
mal cells are located in the lobules. The pro-
cesses of the cells are located at the outer edge of 
the lobule, around the small vessels and sub-
ependymal regions in order to secrete the prod-
ucts of the cell to the circulation and cerebrospinal 
 fl uid. The pineal parenchymal cell has a round or 
oval nucleus which is about 5–12  m m in size with 
a pale and scattered chromatin usually with not 
prominent nucleoli and spherical inclusions. The 
pineal parenchymal cells and their processes can 
be demonstrated immunohistochemically by 
synaptophysin, neuro fi lament protein antibod-
ies, S-100; antibodies to the S-antigen, chro-
mogranin and in some of the cells by rhodopsin 
stain. Besides the pineal parenchymal cells, 
rarely GFAP positive astrocytes, fenestrated and 
unfenestrated capillaries of circulation, auto-
nomic neurons are also detected in the structure 
of the gland. 

 When  fi rst detected, the pineal gland was his-
torically thought to be the source of multiple 
functions of the body and the location of the 
 ‘soul’  (Guyton  1991  ) . It is now recognised as an 
endocrine organ. Anatomical studies showed 
that this gland was the remnant of the third eye in 
the lower vertebrates. It has been reported that 
pineal gland in  fi sh, amphibians and reptiles have 
clear photoreceptor and neuroendocrine differ-
entiation but in birds and mamals the gland 
shows regressive changes (de Girolami et al. 
 2008  ) . When the gland is removed or a loss of 
innervation of the gland is established in the 
lower vertebrates, seasonal reproduction periods 
are lost in these animals. In human pineal 
gland, light and dark cells according to electron 
density and cytoplasm content have been dis-
played. Structural  fi ndings showed dense core 
granules, granular vesicles in different sizes and 
synaptic contacts regarding the neuroendocrine 
function. Cytoplasmic melanin granules are also 

detected in the gland. In human pinealocytes, the 
structural features of these dense vesicles and 
numerous, small, clear, synaptic-like vesicles are 
believed to have neurosecretory and neurosen-
sory function. Pineal gland by age, progressively 
undergoes cystic degeneration and calci fi cation 
which is called ‘brain sand’ or acervuli. 

 Pineal gland is regulated by the amount of 
daylight through the eyes. It has been shown that 
the gland is stimulated in a hamster after a 13 h 
stay in darkness whereas little portion of dark-
ness has no effect on stimulation of the pineal 
gland (Guyton  1991  ) . The light stimulus arrives 
to the pineal gland through the hypothalamic 
suprachiasmatic nucleus and stimulates the secre-
tion of the gland. Pineal gland is considered as an 
endocrine organ with indolamine secretions such 
as melatonin and serotonin. These neurohor-
mones are involved in the regulation of circadian 
rhythms. It has been shown that the pineal gland 
has an essential role in sleep physiology in rela-
tion to light and dark cycles and hybernation in 
some animals. The melatonin is produced from 
tryptophan by the enzymes tryptophan hydroxy-
lase, N-acetyl transferase and hydroxyl indole-
O-methyl transferase (HIOMT). Melatonin and 
other polypeptides are circulated via the blood-
stream or cerebrospinal  fl uid of the third venticle 
to the anterior pituitary which regulates the secre-
tion of the gonadotrophins. In some of the ani-
mals, by the help of the pineal secretion, the 
gonadotrophins are reduced especially in winter 
leading to the regression of the gonads. Later, 
gonadotrophins reduces the effect of the pineal 
gland inhibitory function, leading to the activa-
tion of the gonads and reproduction activities in 
the spring. In humans, some of the neoplasms of 
pineal body relieves the inhibititory function of 
the gland on the production of the gonadotrophic 
hormones and endocrine syndromes such as 
precocious pubert may be detected.  

   Pathology 

 The tumors of the pineal gland are extraaxial 
brain tumors and they may originate from the 
oncogenic transformation of pineal parenchymal 
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cells, glial elements, the cells of the supporting 
structures, meninges, autonomic nerves and the 
progenitor germ cells. It has been reported that 
embryologic remnants of germ cells could have 
left the primordium and might have led to neuro-
axial seedings in the midline which explains the 
similarity of the germ cell tumors of the central 
nervous system and the gonadal and mediastinal 
tumors of the same origin in terms of histopa-
thology (de Girolami et al.  2008  ) . 

 Previously, the term ‘pinealoma’ was both 
used for suprasellar atypical teratomas and 
pineal parenchymal tumors but this term has no 
longer been used. Although several classi fi cations 
were made for the tumors in this region, the lat-
est one is the classi fi cation of the pineal region 
tumors which had been published in 2007 by 
World Health Organization (Louis et al.  2007a  ) . 
However, this classi fi cation was according to 
the cell origin so, only the tumors of neuroepi-
thelial tissue in this region were revealed as 
pineal region tumors in four subgroups. The 
germ cell tumors and the other tumors are also 
de fi ned by the grouping of de Girolami et al. 
 (  2008  )  which summarizes all of the tumors in 
this region. 

   Pineal Parenchymal Tumors 

 According to SEER, pineal parenchymal tumors 
are the second most common tumors of the 
pineal region (Al-Hussaini et al.  2009  ) . Single 
center experiences revealed the rate of pineal 
parenchymal tumors as low as 5.6% (Tamaki and 
Yin  2000  )  and as high as 41.6% (Yazici et al. 
 2009  ) . Several reports from different institutions 
revealed highy variable incidence rates between 
10 and 38.8% (Pendl and Vorkapic  1985 ; Kang 
et al.  1998 ; Cho et al.  1998 ; Knierim and Yamada 
 2003 ; Shin et al.  1998 ; Konavalov and 
Pitskhelauri  2003 ; Packer et al.  1984 ; Kumar 
et al.  2006  ) . 

 The SEER data revealed grade 1 pineal paren-
chymal tumors as 9%, grade 2 and 3 were 4 and 
6% respectively and grade 4 tumors were 81% 
(Al-Hussaini et al.  2009  ) . Another pathological 
study from India previously had shown ten pine-

oblastomas, seven pineal parenchymal tumors 
with intermediate differentiation and four cases 
with pineocytoma (Kumar et al.  2006  ) . 

 These types of tumors have structural, immu-
nohistochemical and biochemical similarites with 
normal pineal gland. In some instances, there 
may be a real dif fi culty in recognising the normal 
pineal gland from a very differentiated tumor of 
pineal parenchymal origin. Neural markers such 
as synaptophysin, neuro fi laments, neuron-
speci fi c enolase, chromogranin show positive 
staining as well as some reactivity with retinal 
S-antigen, rhodopsin and melatonin pathway 
enzymes. Ultrastrucural features of better differ-
antiated pineal parenchymal tumors include both 
mamalian and submamalian normal pineal gland 
features such as light and dark cells, secretory 
granules, synaptic structures,  fi lamentous bun-
dles, mitochondria and membranous whorls. In 
undifferantiated neoplasms and pineoblastomas, 
the structures of normal pineal gland mostly are 
not detected (Jouvet et al.  2000  ) . Molecular 
genetic features of pineal parenchymal tumors 
also reveal difference according to the differenti-
ation of the tumor. 

   Pineocytoma    
 This tumor is rarely seen in children. Only few 
cases were reported in single center experiences 
in children which usually accounts less than 10% 
of all the pineal region tumors (Knierim and 
Yamada  2003 ; Packer et al.  1984 ; Pendl and 
Vorkapic  1985 ; Shin et al.  1998  ) . The majority 
of these tumors are seen in young adults and 
middle-aged. It is a WHO grade 1 tumor. de 
Girolami et al.  (  2008  )  reported that it was grossly 
well-circumscribed, non necrotic in nature, 
lacked mitotic activity, had round to oval nuclei 
of the cells which were embedded in  fi brillary 
material, forming occasionally Homer-Wright 
rosettes with non in fi ltrative compressions to the 
normal pineal gland and abrupt margins of the 
tumor. In immunohistochemistry, synaptophysin 
is positive, s-100 and GFAP are negative. 
Chromogranin, NSE, neuro fi lament proteins, 
S-antigen, rhodopsin, serotonin, tryptophane 
hydroxylase are other used immunohistochemi-
cal markers in diagnosis.  
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   Pineoblastoma 
 It is a WHO grade 4 tumor which is highly 
agressive like medulloblastoma and is one of the 
primitive neuroectodermal tumors of the central 
nervous system. It is majorly a tumor of chil-
dren. The  fi ve of the six cases were under 7 years 
old in the experience of Knierim and Yamada 
 (  2003  ) . Similarly, among six cases, only two of 
the patients were between 10 and 15 years old 
and there were no cases over the age of 16 in the 
report by Cho et al.  (  1998  ) . Only one patient 
was 49 years old in the review of Kumar et al. 
 (  2006  )  among ten pineoblastomas. 

 It has been mentioned by de Girolami et al. 
 (  2008  )  that the tumor is in fi ltrative to the adjacent 
structures like ventricles, subarachnoid space and 
is not well circumscribed and it has a high poten-
tial to form seeding metastases. Besides, high 
cellularity with mitoses, high Mib-1 index, 
endothelial proliferation, cystic degeneration, 
necrosis, and hemorrage are common reported 
features by the authors (de Girolami et al.  2008  ) . 
The nuclei of the tumor cells are rounded and 
pleomorphic and they have scanty cytoplasm. 
Some cells form rosettes like Homer Wright or 
Flexner-Wintersteiner rosettes as seen in other 
primitive neuroectodermal tumors. Immunohisto-
chemical markers for neuronal differentiation 
(NSE, synaptophysin, NF) are focally positive, 
particularly in neuropil-like regions (de Girolami 
et al.  2008  )  In view of molecular genetic  fi ndings, 
monosomy of 20 and 22, trisomy of 14, chromo-
somal gains and losses were de fi ned in pineoblas-
toma. Besides, APC/APCL genes which are 
important in Wnt signaling were found as down-
regulated in this tumor. 

 Among 62 patients with supratentorial primi-
tive neuroectodermal tumors, 23% of the cases 
had tumors in the pineal region (Taylor et al. 
 2009  ) . Unlike the other sPNETs, Gilheeney et al. 
 (  2008  )  recently revealed a better prognosis in 
pineal region PNETs with gross total resection, 
multiagent chemotherapy and radiotherapy. 
Pineal primary site for this group of tumor was 
also found to be a good prognostic factor by 
Taylor et al.  (  2009  ) . In children, this tumor may 
be associated with bilateral retinoblastoma which 

was previously called as trilateral retinoblastoma 
(de Girolami et al.  2008 ; Varan et al.  1998  ) .  

   Pineal Parenchymal Tumor with 
Intermediate Differentiation 
 According to WHO 2007 classi fi cation of CNS 
tumors, this tumor was grouped between WHO 
grade 2 and 3 tumors (Louis et al.  2007a  ) . The 
incidence was reported as 33% in 21 pineal 
parenchymal tumors in the study of Kumar et al. 
 (  2006  ) . This tumor has been reported both in 
children and adult cases frequently in the sec-
ond and third decades of life (de Girolami et al. 
 2008  ) , and the age range differed from 11 to 
46 years in the report by Kumar et al.  (  2006  ) . 
According to de Girolami et al.  (  2008  ) , the dif-
ference of this tumor from pineocytoma is more 
sheet like architecture and cytologic atypia com-
pared with pineocytoma, but less celularity and 
malignant appearrence than pineoblastoma. 
Besides, the authors mention that immunohis-
tochemistry also reveals features that are 
between the pineocytoma and pineoblastoma, 
with variable eosinophilic neurophil back-
ground, much more mitosis compared to pineo-
cytoma and variably elevated Mib index 
(de Girolami et al.  2008  ) . All tumors showed 
positive staining with synaptophysin and nega-
tive staining for GFAP in the study of Kumar 
et al.  (  2006  ) . Molecular genetic studies sug-
gested that PRAME, CD24, POU4F2 and 
HOXD13 might have been used for grading 
pineal parenchymal tumors with intermediate 
differentiation (Févre-Montange et al.  2008  ) . 

 In conclusion, it has been suggested that pineal 
parenchymal tumors should be classi fi ed in four 
subgroups by several authors (de Girolami et al. 
 2008 ; Jouvet et al.  2000 ; Berns and Pearl  2006  ) :
    1.    Grade 1 pineocytoma  
    2.    Grade 2 pineal parenchymal tumor intermedia: 

distinctive neuronal immuno-localization and 
less than six mitoses per high power  fi eld  

    3.    Grade 3 pineal parenchymal tumor intermedia: 
Faint neuronal immunolocalization and less 
than six mitoses per high power fi eld or greater 
than six mitoses per high power fi eld  

    4.    Grade 4 pineoblastoma       
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   Gliomas 

 According to recent SEER data, gliomas consti-
tuted 5% of the pineal region tumors (Al-Hussaini 
et al.  2009  ) . In other single center experiences, 
glial tumors were reported between 8.4 and 40% 
by several authors (Yazici et al.  2009 ; Shin et al. 
 1998 ; Cho et al.  1998 ; Konavolov and 
Pitskhelauri  2003 ; Knierim and Yamada  2003 ; 
Packer et al.  1984 ; Kumar et al.  2006  ) . 
Astrocytoma, oligodendroglioma, glioblastome 
multiforme, ependymoma and papillary tumor 
of subcomissural origin, choroid plexus papil-
loma and carcinoma are all seen in the pineal 
region of central nervous sytem. It is mentioned 
that it seemed dif fi cult to estimate that these 
tumors were really originating from the pineal 
region whether they were the tumors of the pos-
terior part of the third ventricle that had invaded 
this area and a suggestion to clarify this subject 
is a careful revision of the signs and symptoms 
of the patients as well as the neuroradiological 
 fi ndings (de Girolami et al.  2008  ) . An example 
of this subject was overviewed by Pendl and 
Vorkapic  (  1985  )  who had reported eight patients 
with glial tumors in the pineal region. Among 
20 cases, only 1 case of 8 glial tumors were 
truely reported as originated from pineal gland 
whereas the other 7 tumors were thought as 
midbrain lesions. 

 The most common glial tumors in the pineal 
region were reported as pilocytic astrocytomas 
(n = 8) and  fi brillary astrocytomas (n = 3) in a path-
ological study of 54 pineal tumors (Kumar et al. 
 2006  ) . The pilocytic astrocytomas in the pineal 
region displayed the classical histopathological 
features of GFAP positivity, glial  fi brillar back-
ground, Rosenthal  fi bers, microcystic changes and 
low proliferation index like other pilocytic astro-
cytomas located in different parts of the central 
nervous system (de Girolami et al.  2008  ) . 

 Ependymoma is another tumor of glial origin 
which is also rare. In the study of Kumar et al. 
 (  2006  )  3 cases were detected among 54 histo-
pathological material. It usually occurs at the 
posterior third ventricle and invade the pineal 
gland. The papillary variant of pineal tumor is 
reported to possibly derive from the columnar or 

cuboidal epithelial tissue on the  fi brovascular 
stalk of the gland and shows less reactivity to 
chromogranin and synaptophysin but more reac-
tivity to S-100; and has positive epithelial markers 
such as CK, but weak expression of GFAP and 
EMA (de Girolami et al.  2008  ) . 

 Glioblastoma, anaplastic astrocytoma, sub-
ependymal giant cell astrocytoma, oligodendro-
glima were all rarely diagnosed in this region 
(Kumar et al.  2006 ; de Girolami et al.  2008  ) . 
Glioblastoma, anaplastic astrocytoma, oligoden-
droglioma and ependymoma were detected in 
adult patients but subependymal giant cell astro-
cytoma and pilocytic astrocytomas occured under 
16 years in the study of Kumar et al.  (  2006  ) . 
Fibrillary astrocytoma was detected both in chil-
dren and adults (Kumar et al.  2006  ) .  

   Germ Cell Tumors 

 Germ cell tumors are common in children and 
young adults with male predominance. They origi-
nate from the gonadal embryonic rests during the 
migration of these cells through the dorsal caudal 
axis where they possibly lead to tumors in the 
midline structures such as the gonads, retroperito-
neum, sacrococcygeal region, mediastinum and 
suprachiasmatic and pineal regions. Germ cell 
tumors according to embryonic differetiation and 
migration properties were outlined in Fig.  2.1 . 
Experience with 389 previously published primary 
intracranial germ cell tumors revealed that 65% 
were germinomas, 18% were teratomas, 5% 
embryonal carcinomas, 7% endodermal sinus 
tumors and 5% were choriocarcinomas (Jennings 
et al.  1985  ) . The majority of germinomas (57%) in 
this series had arisen in the suprasellar region while 
most of the nongerminomatous germ cell tumors 
(68%) preferentially involve the pineal gland.  

   Germinomas 
 As mentioned above, the majority of the tumors 
in this region are germinomas. The 285 patients 
were pure germinomas in 373 pineal gland germ 
cell tumors reviewed in SEER data in all the 
patients registered (Al-Hussaini et al.  2009  ) . In a 
recent report from SEER database involving the 
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patients under 30 years-old revealed 218 germi-
nomas located in the pineal region among 322 
pineal germ cell tumors (Goodwin et al.  2009  ) . 
Several reports from all over the world had 
reported germinomas between 11.6 and 66.6%, 
however these were the mixed series of adult and 
pediatric patients (Konovalov and Pitskhelauri 
 2003 ; Kang et al.  1998 ; Tamaki and Yin  2000  )  
Series with only pediatric cases or separating the 
pediatric datain these studies revealed the inci-
dence of germinomas as 4–30.5% (Packer et al. 
 1984 ; Pendl and Vorkapic  1985 ; Yazici et al. 
 2009 ; Knierim and Yamada  2003 ; Shin et al. 
 1998 ; Cho et al.  1998 ; Edwards et al.  1988  ) . The 
differences in these series could be associated 
with the patient pro fi le of the institutions or the 
source of the reports such as pediatric oncology 
or neurosurgery departments. It has been shown 
by Goodwin et al.  (  2009  )  that the males 
signi fi cantly had more germinomas in this region 
than females. A better prognosis was reported 
compared with other non germinomatous germ 

cell tumors (Hoffman et al.  1991 ; Choi et al. 
 1998  ) . 

 It has been reported that germinomas are 
generally circumscribed tumors that invade all 
of the gland and grow with expansion with the 
potential of extending to the subarachnoid 
space and cause seeding metastasis by cerebro-
spinal  fl uid circulation which may lead to aqua-
ductal obstruction and hydrocephalus (de Girolami 
et al.  2008  ) . The tumor is reported to have lob-
ules of uniform cells with  fi brous septae around 
(Kumar et al.  2006  ) . Two cell populations are 
de fi ned: round cells with vesicular nuclei con-
taining prominent nucleoli and clear cytoplasm 
with marked cytoplasmic borders; and small 
T-lymphocytes, which aggregate in clusters 
and form germinal-center-like nodules (de 
Girolami et al.  2008  ) . Immunohistochemical 
 fi ndings were de fi ned as positive staining of 
tumor cells with cytoplasmic PAS, and gener-
ally positive staining with PLAP,  a -fetoprotein, 
CD 117 whereas  b -HCG may be positive in the 

  Fig. 2.1    Germ cell tumors 
according to embryonic 
differentiation and 
migration       

 



16 N. Yazici and A. Varan

tumor when there is syncytio-trophoblast like 
cells are present (de Girolami et al.  2008  ) . 
Proliferation index of these tumors are high 
and Mib-1 index is reported as high as 80% by 
de Girolami et al. (  2008  ) . Admixtures of non-
germinamatous germ cell components and cystic 
teratomatous foci, and usually after a dermoid/
epidermoid cyst rupture into the tumor, a con-
siderable giant cell reaction can be seen (de 
Girolami et al.  2008  ) .  

   Non-germinomatous Germ Cell Tumors 
 Yolk sac tumor (endodermal sinus tumor), 
embryonal carcinoma, choriocarcinoma and 
teratomas are the tumor types in this group. New 
evidence showed that non-germinomatous germ 
cell tumors included 6 embryonal carcinomas 
(2%), 5 yolk sac tumors (1%), 25 immature tera-
tomas (7%), 2 choriocarcinomas (0.5%), 50 
mixed germ cell tumors (13.5%) (Al-Hussaini 
et al.  2009  ) . Nongerminomatous germ cell 
tumors were more common around birth and in 
the age range of 10–20 years and may extend to 
the age of 25 years (Goodwin et al.  2009  ) .  Yolk 
sac tumor  is a rare tumor and its histopathologic 
appearrence resembles to the tumors that are 
outside the central nervous system. It is described 
as a a papillary primitive epithelial tumor with 
myxoid matrix in organoid structure containing 
a blood vessel surrounded by an epithelial-line 
(Schiller duval body) and tumor cells have PAS 
+ diastase resistant eosinophylic intracytoplas-
mic globules. Besides,  a -fetoprotein is an impor-
tant immunohistochemical marker in this tumor 
and the tumor has usually a high mitotic ratio 
(de Girolami et al.  2008  ) . 

  Embryonal carcinoma  is a rare tumor seen 
particularly in children. Packer et al.  (  1984  )  
de fi ned 5 cases in 25 pediatric pineal tumors. 
Kang et al.  (  1998  )  reported 3 in 38 germ cell 
tumors and Tamaki and Yin  (  2000  )  reported only 
1 case among 30 germ cell tumors in the pineal 
region. It should be also considered that this 
tumor may be a component of a mixed germ cell 
tumor as previously detected (Knierim and 
Yamada  2003 ; Shin et al.  1998  ) . It is described by 

de Girolami et al.  (  2008  )  that it is a high grade 
tumor with elevated mitotic ratio and tumor is 
composed of primitive epithelial carcinoma cells 
growing in sheets or forming gland like struc-
tures. It has multinucleated giant cells which 
produce  b -HCG. Immunohistochemically the 
cells stain positive with PLAP and cytokeratin. 

  Choricarcinoma  is an extremely rare and 
agressive non germinamatous germ cell tumor 
which secretes  b -HCG. In a series of 30 germ cell 
tumors, only 1 case was reported (Tamaki and 
Yin  2000  ) . It is defned as an hemorrhagic tumor 
with cytotrophoblasts and syncytiotrophoblasts, 
giant cell elements in malignant primitive epithe-
lial sheets of cells lack of a spesi fi c architecture. 
Cytotrophoblasts are closely located uniform and 
medium sized cells with clear cytoplasm and 
distinct cell margins and vesicular nuclei. In 
immunohistochemistry, syncytiotrophoblasts are 
positively stained by  b -HCG. (de Girolami et al. 
 2008 ; Cushing et al.  2006  ) . 

  Teratomas  are the most common childhood 
germ cell tumors independent from the site of 
occurrence. These are tumors which are com-
posed of elements of three germ layers, endo-
derm, ectoderm, and mesoderm. Any type of 
tissue may exist in the structure and may show 
physiologic activity such as enzyme or hormone 
secretion. Components of the teratoma may vary 
according to the site of this germ cell tumor. 
There are three types of teratomas, namely 
mature, immature and malignant teratoma. 
Mature solid teratomas contain skeletal muscle, 
brain, skin, hair, teeth, cartilage etc. In immature 
teratoma, three germ layers are present with fetal 
or immature tissue of usually neuroepithelium as 
well as ectodermal, mesodermal and endodermal 
components. Although it is used for ovarian 
immature teratomas, grading systems are used 
for classi fi cation (Cushing et al.  2006  ) :
   Grade 0: Mature tissue only,  
  Grade 1: Immature tissue less than 1 low-power 

 fi eld per slide;  
  Grade 2: Immature tissue, 1–3 low-power  fi elds 

per slide  
  Grade 3: Abundant immature tissue    
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 In malignant teratoma, there is malignant 
transformation in the sarcomatous or carcinoma-
tous tissue in the solid part of the teratoma (de 
Girolami et al.  2008  ) . In histologic classi fi cation 
of pediatric gonadal and extragonadal germ cell 
tumors, malignant teratomas of the gonads (ovary) 
was classi fi ed as follows (Cushing et al.  2006  ) :
   Teratoma with associated malignant germ cell 

tumor component  
  Teratoma with associated malignant somatic 

component (squamous carcinoma, glioblas-
toma, peripheral neuroectodermal tumor, etc.)    
 The classi fi cation of extragonadal teratomas 

of the sacral, mediastinal retroperitoneal, pineal 
and the other sites was classi fi ed as (Cushing 
et al.  2006  ) :
   Teratoma+/− Endodermal sinus tumor  
  Teratoma+/− Emryonal carcinoma    

 As speci fi c to this region, and although they 
are considered sometimes as non neoplastic 
lesions, dermoid cyst and epidermoid cyst is also 
frequently seen. Dermoid cyst is composed of a 
cyst wall with keratinizing squamous epithelium 
with adnexial structures of skin and epidermoid 
cysts is the name of the same lesion without 
adnexial structures of the skin.   

   Other Tumors 

 Various types of tumors, such as chemodectoma, 
sarcoma, ganglion cell and melanocytic tumors, 
lipoma, meningioma, hemangioma are malignant 
and benign neoplasms which had been previosly 
de fi ned in this region (de Girolami et al.  2008  ) . 
Adamantinomatous type craniopharyngioma, 
choroid plexus papilloma and carcinoma were 
also detected (Kumar et al.  2006 ; Knierim and 
Yamada  2003  ) . Interestingly, ganglioneuroblas-
toma in a pediatric series was also reported 
(Packer et al.  1984  ) . Metastasis to the pineal 
region was rarely reported in previous series of 
pineal tumors (Tamaki and Yin  2000  )  and they 
are usually discovered incidentally in post mor-
tem studies from the common adult tumors such 
as lung and breast cancer as well as others (de 
Girolami et al.  2008  ) .  

   Non-neoplastic Lesions 

 In differential diagnosis, calci fi c deposits of the 
pineal gland (acervuli, brain sand), pineal cysts, 
pineal apoplexia (hemorrhagic necrosis), autoim-
mune inlammatory cell in fi ltration which is called 
idiopathic pinealitis, arachnoid cysts, demyeli-
nating disorders, encephalitis, sarcoidosis, cere-
brovascular accidents, arteriovenous malformation 
and tuberculous abcess should be considered as 
well as tumors in this region (Knierim and 
Yamada  2003 ; de Girolami et al.  2008 ; Kumar 
et al.  2006  ) .   

   Signs and Symptoms 

 The majority of the patients present with head-
ache and elevated intracranial pressure. Additional 
presenting signs and symptoms were outlined in 
Table  2.1 . In infants, macrocephaly, develope-
mental delay and irritability may also ocur. Pineal 
region masses that extend rostrally or anteriorly 
obstruct third ventricular out fl ow and result in 
hydrocephalus and symptoms of raised intracra-
nial pressure (Packer et al.  1984  ) . The lesions in 
the posterior part of the midbrain cause paralysis 
of vertical gaze, a response in the pupils in which 
they react poorly to light but better to accomoda-
tion, conversion nystagmus and lid retraction 
which is totally called Parinaud’s syndrome. This 
clinical feature may accompany the symptoms of 
increased intracranial pressure (Packer et al. 
 1984  ) . Lesions that compress or in fi ltrate the 
overlying thalamus cause hemiparesis, incoordi-
nation, visual dif fi culty or movement disorders. 
Lethargy, seizures and multifocal neurological 
de fi cits without raised intracranial pressure were 
also reported in two children (Packer et al.  1984  ) . 
Signs and symptoms of raised intracranial pres-
sure was the most common reported clinical fea-
ture which accounts for more than half of all 
features at presentation of the patients (48.8–
91%) (Konovalov and Pitskhelauri  2003 ; Kang 
et al.  1998 ; Cho et al.  1998 ; Shin et al.  1998 ; 
Yazici et al.  2009  ) . Visual disturbances and eye 
movement disorders were also frequent features 
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   Table 2.1    Presenting signs and symptoms   

 Signs 

 Increase in intracranial pressure (including papille-
dema, abducens palsy, 3rd nevre palsy) 
 Hemiparesis 
 Parinaud’s 
 Seizure 
 Diabetes insipidus 
 Diencephalic syndrome 
 Ataxia and other cerebellar signs 
 Precocious puberty 
 Sudden tumor bleeding 
 Hearing impairment 
 Extrapiramidal signs 
 Hypopituitarism 
 Symptoms 
 Headache-nausea-vomiting 
 Visual disturbances (including diplopia, blurred vision) 
 Polyuria –polydipsia 
 Cachexia 
 Gait disturbances 
 Lethargy 

of the tumors in this region reported as high as 
76% (Konovalov and Pitskhelauri  2003  ) . Since 
the gland has regulatory effects on the endocrine 
system of the body, diabetes insipidus, preco-
cious puberty, hypopituitarism were also promi-
nent in these patients. Diabetes insipidus was 
reported 2.8, 4.8, 6, 6.9 and 11.6, and 18% of 
cases respectively (Knierim and Yamada  2003 ; 
Yazici et al.  2009 ; Konavalov and Pitskhelauri 
 2003 ; Shin et al.  1998 ; Kang et al.  1998 ; Cho 
et al.  1998  ) . Precocious puberty was around 1.4–
2.3% (Knierim and Yamada  2003 ; Konavolov 
and Pitskhelauri  2003 ; Shin et al.  1998  ) . 
Hypopituitarism was 5% (Konavalov and 
Pitskhelauri  2003  ) . Diencephalic syndrome was 
also rarely reported as 2% (Yazici et al.  2009  ) .     

   Diagnostic and Laboratory 
Interventions 

   Radiology 

 Pior to the extensive use of magnetic resonance 
imaging, all patients underwent computed tomog-
raphy (CT) with and without contrast injection. 

Germ cell tumors are usually irregular lesions of 
mixed density with or without calci fi cations 
which usually enhance heterogeneously, rarely 
homogeneously. Pineal parenchymal tumors are 
also seen as irregular masses with isodense or 
mixed density with or without calci fi cation. They 
usually enhance diffusely but heterogeneous 
enhancement was also reported in some cases 
(Packer et al.  1984  ) . Glial tumors were hypoin-
tense or isointense on computed tomography 
with variable contour properties and enhance-
ment changes. They have been reported to have a 
tendency to involve the mesencephalon and 
diencephalon (Knierim and Yamada  2003  ) . 
Pineoblastomas may be discriminated from other 
tumors by diffuse subarachnoid enhancement. In 
those selected, bilateral internal carotid and ver-
tebral angiography were also performed addi-
tional to the computed tomography previously 
(Packer et al.  1984  ) . Arteriography was useful for 
the demonstration of the venous and arterial sup-
ply of the tumor. Computed tomography was 
used for diagnositic purposes of germinomas 
before histopathological evaluation of the pineal 
tumor by the evidence of rapid response to radia-
tion therapy after V/P shunting which was named 
as ‘biological biopsy’ (Balmaceda et al.  1996 ; 
Knierim and Yamada  2003  ) . 

 Magnetic resonance imaging (MRI) markedly 
improved the anatomic localization of tumors by 
imaging in three orthogonal planes without the 
need to move the patient, no need for X-irradiation 
and creating a better image quality with improved 
soft tissue contrast. Although especially in the 
emergency setting, CT without contrast is still 
extensively used in pediatric patients, however it 
should have been remembered that gadolinum 
enhanced MRI is superior to CT using iodine-
based contrast mediums for evaluating the exten-
sion of the tumor. Besides routine examination 
with T1 weighted imaging before and after gado-
linum and T2- and proton density weighted 
imaging, MRI has other advantages such as  fl uid-
attenuated inversion recovery (FLAIR) sequences, 
fast echo planar imaging, volumetric measure-
ment, angiography, spectroscopy, gradient echo, 
diffusion-weighted, perfusion and activation func-
tional imaging techniques. Pineal region tumors 
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like extraaxial sellar tumors and meningiomas 
usually lack a blood brain barrier and enhance 
quickly after contrast administration. Juvenile 
pilocytic astrocytoma, glioblastome multiforme 
and metastatic tumors usually enhance homoge-
nously but in some instances glioblastome multi-
forme displays heterogeneous and irregular 
enhancement. Anaplastic astrocytoma, oligoden-
droglioma and metastatic lesions in this region 
may also show heteregenous and irregular 
enhanncement patterns. Oligodendroglioma and 
ganglioglioma were known as focal noduler 
enhancing lesions in this region. Low grade 
 fi brillary astrocytoma usually lack of contrast 
enhancement. In meningioma, ependymoma, pin-
eoblastoma and metastatic tumors display of low 
to isointense imaging property to gray matter in 
T-2 signal sequences whereas glial tumors show 
hyperintensity to gray matter. Cystic appearrence 
are prominent with juvenile pilocytic astrocy-
toma, ganglioglioma, oligodendroglioma; hemor-
rage may be apparent with glioblastoma, anaplastic 
astrocytoma, ependymoma and oligodendro-
glioma; Calci fi cation may be a radiological fea-
ture of oligodendroglioma and ependymoma and 
necrosis can be seen with glioblastoma and metat-
static tumors. Both CT and MRI have still being 
used extensively in different indications and clini-
cal situations, MRI was found particularly valu-
able in showing the varied tissue character in 
patients with mixed germ cell tumors (Kang et al. 
 1998  ) . Retrospective evaluation of MRI and CT 
images of 32 patients with histologically proven 
pure germinomas without elevation of tumor 
markers, showed a pathognomonic CT and MRI 
sign of ‘butter fl y’ in 43% of the cases. This sign 
was caused by a symmetric, predominantly sub-
ependimal germinomatous in fi ltration of both 
thalamus with enlarged pineal calci fi cation along 
the midline (Konavalov and Pitskhelauri  2003  ) .  

   Nuclear Medicine 

 Thallium 201 single-photon emission CT (SPECT) 
is rarely used in pediatric brain tumors. T1 Spect 
was found less speci fi c and sensitive than gadoli-
num enhanced MRI and in a series the researchers 

did not  fi nd useful clinical indication for the 
technique except distinguishing the postradiation 
necrosis from tumopr recurrence in brainstem 
gliomas (Rollins et al.  1995 ; Blaney et al.  2006  ) . 
In-111 Pentetreotide showed intense focal uptake 
in a patient with recurrent pineocytoma (Serrano 
et al.  2009  ) . 

 Positron emission tomography (PET) with 18 
F- fl uorodeoxyglucose (18 F-FDG) indicates 
metabolically active tissue. It is extensively used 
in clinical practice, especially in oncology but 
clinical data is growing in neurooncology 
(Plowman et al.  1997 ; Chen  2007  ) . 18 F-FDG/
PET follows the pathway of glucose metabolism 
and indicates glycolysis; where it is greater than 
the background uptake and shows hypermetabo-
lism which may suggest a high grade tumor. 18 
F-FDG/PET positivity has been shown and sup-
ported the diagnosis of pineal/suprasellar germ 
cell tumor with negative markers however there 
were also limitations of the technique in terms of 
lack of hypermetabolism in either an isolated 
lesion or characteristics of multiple lesions as 
well as the high rate of the physiologic glucose 
metabolism in normal brain tissue (Janmohamed 
et al.  2002 ; Kelly et al.  2009  ) . It should be con-
cluded that 18 F-FDG/PET positivity should be a 
useful diagnositic tool but has to be used cau-
tiously in follow–up especially in recurrence.  

   Tumor Markers 

 The levels of oncofetoproteins,  a -fetoprotein and 
 b -HCG in cerebrospinal  fl uid should be obtained 
during surgery in pineal region tumors for diag-
nostic purposes and from lumbar puncture for the 
follow up in case of response to chemotherapy 
and radiotherapy as well as in the suspicion of 
recurrence. Marker positive tumors of the pineal 
region are tumors of germ cell origin. Beta human 
chorionic gonadotrophin is secreted from syncy-
tiotrophoblasts and found frequently in germino-
mas, embryonal carcinoma and choriocarcinoma. 
These markers were suggested to be useful for 
the discrimination of postradiation necrosis from 
postradiation recurrence as well (Knierim and 
Yamada  2003  ) . Germinomas have a special 
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appearrence of multicentricity in radiology. 
Although not suggested, tumor markers and the 
special radiological appearrence led to treatment 
in some cases with inadequate histopathological 
material or morbidity of surgery in case of sus-
pected germinomas by several experiences 
(Yazici et al.  2009 ; Cho et al.  1998 ; Kang et al. 
 1998 ; Tamaki and Yin  2000  ) . 

 In a report of Konovalov and Pitskhelauri 
 (  2003  ) , the tumor types which were marker posi-
tive account for 26% of analysed cases (n = 68) 
but this study had reported 87 germ cell tumors. 
These cases were choriocarcinoma in 5, germi-
noma in 4, mixed germ cell tumors in 3 embryo-
nal carcinoma in 3, immature teratoma in 2 and 
endodermal sinus tumor in 1 patient. Among 12 
patients with germ cell tumors (9 with histologi-
cally proven germ cell tumors, 3 diagnosed with 
radiology and elevated tumor markers), positive 
tumor markers could be obtained in 7 patients 
(58%) in another experience (Yazici et al.  2009  ) . 
Tamaki and Yin  (  2000  )  revealed 18 cases of 23 
germ cell origin with assayed tumor markers. In 
all three studies, lack of data was present in some 
cases with germ cell tumors whether these cases 
had non secreting or there was a dif fi culty of 
obtaining a sample for a tumor marker. However, 
in the study of Kang et al.  (  1998  ) , levels of either 
 b -HCG and  a -fetoprotein in serum and CSF were 
positive in 18 cases of assayed 38 tumors of germ 
cell origin (47.4%).  

   Surgery 

 Surgery remains the mainstay of diagnostic pro-
cedures and as well as treatment in brain tumors. 
Stereotactic biopsy and third ventricle endoscopic 
procedures are exteensively used in diagnosis. 
Although in case of pure germinoma with typical 
butter fl y sign in radiology, surgery and stereotac-
tic biopsy may be omitted and radiotherapy 
should be applied. In also non pure germinomas 
chemoradiotherapy should be started without 
histopathological diagnosis. In most cases pineal 
region tumors and lesions and unresponsive 
tumors to adjuvant treatment modalities of radio-
therapy and chemoterapy, histological diagnosis 

is relevant (Konavalov and Pitskhelauri  2003  )  so 
surgery becomes the principal diagnostic and 
treatment modality. 

 In conclusion, pineal gland tumors are rare 
and account less than 1% of all primary brain 
tumors but the incidence is higher in pediatric 
age group. Epidemiology, pathology, clinical 
features and essential laboratory investigations 
are outlined in this chapter. The prognostic fac-
tors other than histopathology which are surgery 
and appopriate adjuvant and/or neoadjuvant 
treatment modalities would be discussed later in 
the subsequent chapter.       
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  Abstract 

 Papillary tumor of the pineal region (PTPR) 
has been recently included in the 2007 World 
Health Organization (WHO) “Classi fi cation 
of tumors of the central nervous system.” 
PTPRs are considered to originate from the 
subcommissular organ (SCO), which consists 
of secretory ependymocytes. The origin of the 
tumor is re fl ected in the neuroradiological, 
microscopic, immunohistochemical, and ultra-
structural  fi ndings. In non-contrast T1-weighted 
magnetic resonance imaging (MRI) scans, the 
lesion is represented as a heterogeneous hyper-
intense area due to the presence of secretory 
glycoprotein inclusions. PTPRs are most 
frequently misdiagnosed as ependymomas or 
choroid plexus (CP) tumors owing to the mor-
phological similarity among these tumors. 
PTPRs are histologically characterized by 
loose papillary and densely cellular diffuse, 
patternless areas showing pseudorosettes with 
 fi brovascular cores covered by several layers 
of columnar or cuboidal cells. PTPRs are 
composed of a greater number of epithelial 
cells than that in ependymomas and lesser 
number of papillary cells than choroid plexus 
(CP) tumors. Characteristic immunohis-
tochemical  fi ndings of PTPRs include charac-
teristic small ring- and dot-like staining 
patterns indicative of cytokeratin 18 immuno-
reactivity, which are similar to those obtained 
for CP tumors. Furthermore, both PTPRs and 
CP tumors showed focal transthyretin (preal-
bumin; TTR) immunoreactivity. On the other 
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hand, PTPRs and ependymomas occasionally 
showed immunoreactivities to epithelial 
membranous antigen (EMA), glial  fi brillary 
acidic protein (GFAP), and neural cell adhe-
sion molecule (NCAM). In addition to the 
abovementioned makers, strong diagnostic 
markers for PTPRs and factors that distinguish 
PTPRs from ependymomas or CP tumors are 
expression of neuronal markers, including 
microtubule-associated protein 2 (MAP2), 
neuron-speci fi c enolase (NSE), and neuronal 
nuclei (NeuN). These  fi ndings can be attrib-
uted to the extensive involvement of SCO in 
neuronal differentiation. Ultrastructural exam-
ination of PTPRs showed the presence of 
microvilli and desmosomes—characteristics 
of ependymoma cells—and abundant rough 
endoplasmic reticulum, lipid droplets, etc.—
characteristics of CP tumor cells.      

   Introduction 

 Papillary tumor of the pineal region (PTPR),  fi rst 
described as a distinct entity by Jouvet et al.  (  2003  ) , 
was recently included as a rare pineal tumor in 
the 2007 World Health Organization (WHO) 
“Classi fi cation of tumors of the central nervous 
system” (Louis et al.  2007  ) . PTPRs are fre-
quently misdiagnosed as papillary pineocytomas 

(Nakamura et al.  2009  ) , papillary ependymomas 
(Yano et al.  2003  ) , CP tumors, and metastatic 
pineal tumors. In this study, we describe the neuro-
radiological, microscopic, immunohistochemical, 
and ultrastructural characteristics of PTPRs that 
distinguish it from the abovementioned pineal 
tumors.  

   Symptoms 

 In almost all reported cases of PTPRs, the patients 
usually presented with headaches due to hydro-
cephalus, which develops as the result of the 
compression of the mesencephalic aqueduct 
(Roncaroli and Scheithauer  2007  ) . Some patients 
present with recurrent attacks of generalized epi-
lepsy and markedly reduced cognitive function 
without focal neurological de fi cits (Kuchelmeister 
et al.  2006  ) .  

   Magnetic Resonance Imaging 
Findings 

 Magnetic resonance imaging (MRI) of PTPRs 
typically shows a well-circumscribed mass lesion 
in the pineal region (diameter, 2–3 cm) (Fig.  3.1a ). 
The lesion consists of a well-enhanced solid 
component and a cystic component in many cases 

  Fig. 3.1    ( a ) Magnetic 
resonance imaging (MRI) 
with gadolinium (Gd) 
enhancement shows a 
gourd-shape lesion in the 
pineal region. ( b ) MRI 
with Gd enhancement 
9 years after the initial 
examination (Fig.  3.1a ) 
shows re-growth of the 
lesion with multiple cystic 
components       
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(Fig.  3.1b ) (Shibahara et al.  2004  ) . In sagittal 
T1-weighted images, a PTPR is frequently visu-
alized as a macrolobulated lesion compressing 
the tectum and the aqueduct in the posterior part 
of the third ventricle (Fig.  3.1a ) (Kuchelmeister 
et al.  2006  ) . Accordingly, triventricular occlusive 
hydrocephalus is observed in many cases. The 
lesion is usually represented by a heterogeneously 
hyperintense area on non-contrast T1-weighted 
images. These  fi ndings can be attributed to the 
presence of secretory glycoprotein inclusions in 
the tumor cells (Chang et al.  2008  ) . On the con-
trary, a few cases have been reported in which 
lesions with cystic components showed isoin-
tense or low-intensity areas on non-contrast 
T1-weighted images (Kawahara et al.  2007  ) .   

   Histology 

 The histological hallmark of a PTPR is loose pap-
illary and dense cellular diffuse, patternless areas 
showing pseudorosettes with  fi brovascular cores, 
true rosettes, or tubes and necrosis and, occasion-
ally, vacuolated tumor cells (Fèvre-Montange 
et al.  2006  ) . The presence of numerous extensive 
epithelial papillary structures around vascular 
structures in these tumors gives the appearance 
of perivascular pseudorosettes, because of 
which PTPR is wrongly diagnosed as papillary 
ependymoma (Fig.  3.2a ). A large proportion of 
pseudorosettes consist of strati fi ed columnar or 
cuboidal cells (Fig.  3.2b ) (Hasselblatt et al.  2006 ; 
Kern et al.  2006  ) , which frequently occur in 

 multiple layers. Occasionally, a single layer of 
columnar epithelial cells surrounding a central 
vessel is observed in the papillae. The interstitium 
may deeply stain with eosin, and occasionally, the 
cells may show moderate mitotic activity. Focal 
necrosis is frequently observed. Generally, the 
conspicuous, pathognomonic vacuolated tumor 
cells appear signet-ring-like in shape (Fig.  3.2b ) 
(Hirato et al.  1997  ) . This  fi nding is also observed 
in a smear preparation (Dagnew et al.  2007  ) . A 
few papillary areas contained granular cytoplas-
mic material that showed a periodic acid-Schiff 
positive reaction. A few papillary areas contained 
granular cytoplasmic material that showed a peri-
odic acid-Schiff positive reaction; this material 
was considered to be glycoprotein (Roncaroli and 
Scheithauer  2007 ; Fèvre-Montange et al.  2006 ; 
Kern et al.  2006  ) . Obvious vascular proliferation 
is not observed; however, the vessels often showed 
slight endothelial hyperplasia or hyalinization 
(Jouvet et al.  2003 ; Fèvre-Montange et al.  2006  ) . 
If a relapse of PTPR occurs, the papillary struc-
tures are often more prominent, thinner, and 
fewer than those observed in the initial specimens 
(Roncaroli and Scheithauer  2007 ; Yano et al. 
 2009  ) .   

   Immunohistochemistry 

 Immunohistochemical analysis enabled the dif-
ferential diagnosis of PTPRs, papillary pineocy-
tomas, other pineal parenchymal tumors, papillary 
ependymoma, CP tumors, and metastatic tumors. 

  Fig. 3.2    ( a ) Hematoxylin-eosin (H&E) staining showing papillary structures with growth pattern similar to the epithe-
lial growth pattern. ( b ) Strati fi ed epithelial cells surrounding the vessels       
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Positive results of staining for epithelial and 
neuronal markers can facilitate the diagnosis of 
PTPRs. Immunohistochemical studies show that 
PTPRs are positive for cytokeratin 18 (CK 18) 
(Fig.  3.3a ), epithelial membranous antigen 
(EMA) (Fig.  3.3b ), microtubule-associated pro-
tein (MAP2) (Fig.  3.3c ), neuron-speci fi c enolase 
(NSE) (Fig.  3.3d ), neuronal nuclei (NeuN) 
(Fig.  3.3e ), synaptophysin (Syn) (Fig.  3.3f ), and 
neural cell adhesion molecule (NCAM) (Kern 
et al.  2006 ; Yano et al.  2009  ) . The number of 

CK-positive neoplastic cells differs among cases. 
Strong CK 18 immunoreactivity, elicited as a 
small ring- and dot-like staining pattern, was 
observed in the epithelia (Fig.  3.3a ) (Roncaroli 
and Scheithauer  2007 ; Jouvet et al.  2003 ; 
Kuchelmeister et al.  2006 ; Yano et al.  2009  ) . 
In contrast, EMA immunoreactivity is weak and 
restricted to the cell surface; in many cases, EMA 
immunoreactivity is observed in the form of a 
dot-like staining pattern, particularly, on the pole 
facing the vessels (Roncaroli and Scheithauer 

  Fig. 3.3    ( a ) Strong cytokeratin 18 immunoreactivity in 
the epithelia is seen in the form of a small dot-like staining 
pattern. ( b ) EMA immunoreactivity is restricted to the cell 
surface. ( c ) Strong and extensively positive immunoreac-
tivity of microtubule-associated protein 2. ( d ) Diffuse 

strong anti-neuron-speci fi c enolase immunostaining. ( e ) 
The nucleus and some of the perivascular structures are 
strongly and partly positive for anti-neuronal nuclei 
immunoreactivity ( arrowhead ). ( f ) Diffuse strong anti-
synaptophysin immunostaining       
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 2007 ; Fèvre-Montange et al.  2006  ) . The staining 
pattern for both CK-18 and EMA antibodies can 
be useful for the diagnosis of PTPRs. Diffuse 
strong immunostaining for anti-NSE and Syn is 
observed in the cytoplasm in many cases of 
PTPR. Those staining pattern is similar. In con-
trast, strongly positive anti NeuN immunoreac-
tivity was observed in the nucleus of the tumor 
cells and around the vessel core in the rosettes 
(Fig.  3.3e ) (Yano et al.  2009  ) . Most of the PTPR 
tumor cells are strongly positive for MAP2 in a 
majority of the cases, showing a dot-like pattern 
occasionally (Fig.  3.3c ) (Fèvre-Montange et al. 
 2006  ) . Widespread NCAM immunoreactivity is 
seen in the cell membrane (Kern et al.  2006  ) . 
Although choromogranin A-positive neoplastic 
cells are found in a few cases, staining for 
neuro fi lament protein is reported to be negative 
in the majority of cases (Jouvet et al.  2003  ) . 
Neuron-speci fi c beta III-tubulin (TuJ1)  protein, 
considered to be a marker for immature neurons 
(Lee et al.  1990  ) , has been reported to be negative 
in a reported case (Yano et al.  2009  ) . GFAP 
expression is reported to be weak and focal in 
perivascular areas at the periphery of the tumor or 
in scattered reactive astrocytes (Jouvet et al. 
 2003  ) . Focal transthyretin (prealbumin; TTR) 
immunoreactivity is moderately observed on the 
cell surface of the epithelia in half of the reported 
cases (Shibahara et al.  2004 ; Fèvre-Montange 
et al.  2006  ) . Nuclear and cytoplasmic staining for 
S-100 protein in papillary structures may be 
stronger than that in the diffuse areas (Jouvet 
et al.  2003  ) . Ki67 proliferation indices are lower 
than 10% in two third and higher than 10% in 
one third of the cases (Fèvre-Montange et al. 
 2006  ) .   

   Electron Microscopy 

    Discussion 
   Origin of the Tumor 

 To discuss the neuroradiological and histological 
 fi ndings of PTPR, it is necessary to know its 
origin. PTPR is thought to originate from the 
subcommisular organ (SCO), which consists of 

specialized ependymocytes (Jouvet et al.  2003  ) . 
Chordoid glioma in the third ventricle has also 
been reported to originate from the specialized 
ependyma of the SCO-related tumor (Cenacchi 
and Glangaspero  2004  ) . The SCO is considered 
to be a part of the circumventricular organs 
(CVOs). The CVOs are unique midline glandular 
structures in the brain that lie outside the blood–
brain barrier and line the third and fourth ventricles 
(Kern et al.  2006  ) . The papillary structures of the 
PTPRs are similar to those of the SCO cells 
(Boco et al.  2008  ) . Ependymal cells originating 
from the SCO express cytokeratin, which is a 
major marker for PTPR. SCO has also been 
reported to express TTR, which is a possible 
marker for PTPR (Shibahara et al.  2004 ; 
Rodrigeus et al.  2001  ) . The expression of CK 18 
and TTR in PTPR are in agreement with the 
hypothesis that PTPR originates from the SCO. 
EMA immunoreactivity in PTPR is frequently 
observed on the cell surface, particularly on the 
poles facing the vessels in some papillae. The 
ring- and dot-like staining pattern is considered 
as a highly characteristic  fi nding of PTPRs, 
re fl ecting their ependymal origin (Kuchelmeister 
et al.  2006  ) . EMA-immunoreactivity in PTPR 
was reported to be weaker than that in choroid 
plexus tumor (Cruz-Sanchez et al.  1989  ) . 

 SCO-spondin has been reported to play a role 
in the development of Reissner’s  fi ber (RF), 
which is extensively involved in neuronal differ-
entiation (Meiniel  2001  ) . This may provide 
evidence to support the fact that PTPR shows 
immunoreactivity for some kinds of neuronal 
markers.  

   Differential Diagnosis 

 The differential diagnosis of PTPR includes 
papillary pineocytomas, pineal parenchymal 
tumors, papillary ependymoma, CP tumors, and 
metastatic tumors. PTPRs have been most fre-
quently misdiagnosed as ependymomas or CP 
tumor because of the morphological similarities 
among these tumors (Yano et al.  2003 ; 
Hasselblatt et al.  2006  ) . PTPR is characterized 
by an epithelial-like growth pattern in which the 
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thick  fi brovascular core in the papillae is covered 
by several layers of columnar or cuboidal cells 
(Kern et al.  2006  ) . The misdiagnosis of PTPR 
as papillary ependymoma can be attributed to 
these histological  fi ndings. Papillary ependymo-
mas lack distinct thick  fi brovascular cores and 
 fi brillary stromal backgrounds. PTPRs are com-
posed of a greater number of epithelial cells 
than that in ependymomas and lesser number of 
papillary cells than choroid plexus (CP) tumors 
(Jouvet et al.  2003  ) . Immunohistochemical 
analysis revealed that a papillary ependymoma 
is usually positive for EMA, GFAP (Jouvet et al. 
 2003  ) , and NCAM (Chang et al.  2008  ) , but neg-
ative for CK 18 (Kern et al.  2006  ) , E-cadherin 
(Fèvre-Montange et al.  2006  ) , and MAP2 
(Hasselblatt et al.  2006  ) . 

 Cytokeratin is one of the diagnostic markers 
for PTPR; however, ependymoma is generally 
negative for cytokeratin, except for AE1 and 
AE3, and shows only weak focal staining 
(Kern et al.  2006  ) . EMA immunoreactivity in 
ependymomas is usually seen in the form of dot- 
and ring-like staining patterns; therefore, the 
immunoreactivity in PTPR re fl ects its ependy-
mal nature (Fèvre-Montange et al.  2006 ; 
Kuchelmeister et al.  2006  ) . Ependymomas are 
distinctly positive for GFAP; however, it has 
been reported that only focal immunostaining 
for GFAP is seen at the perivascular areas in the 
periphery of some PTPR cells (Jouvet et al. 
 2003 ; Fèvre-Montange et al.  2006  ) . In addition, 
ependymomas do not express E-cadherin but 
strongly express NCAM; since this pattern is 
also seen in PTPR, it re fl ects the ependymal 
nature of the tumor (Figarella-Branger et al. 
 1995  ) . The immunoreactivities for MAP2 
(Blümcke et al.  2004  ) , NSE, and NeuN (Preusser 
et al.  2006  )  were reported to be negative in the 
majority of the cases of classic ependymoma; in 
contrast, PTPRs demonstrate distinct patterns in 
staining for MAP2 (Hasselblatt et al.  2006  ) , 
NSE (Jouvet et al.  2003  ) , and NeuN (Yano et al. 
 2009  ) . Ependymomas are generally negative for 
Syn, and immunoreactivity for Syn has been 
reported in a few cases. Therefore, critical diag-
nostic  fi ndings for PTPR and the distinguishing 
point between PTPR and ependymoma are CK 

18 expression and neuronal marker, including 
MAP2, NSE, and NeuN. 

 The thick  fi brovascular cores covered by 
several layers of columnar to cuboidal cells are 
not observed in choroid plexus papilloma in 
which papillae with broad  fi brovascular cores 
are generally covered with a monolayer of cuboi-
dal or columnar epithelial cells (Kern et al. 
 2006  ) . Immunohistochemical analysis revealed 
that both CP tumors and PTPRs express cytok-
eratin and TTR; however, CP tumors can be 
distinguished from PTPRs by negative staining 
for neuronal markers, including MAP2, NSE, 
Syn, and NeuN (Fèvre-Montange et al.  2006  ) . 
Immunohistochemical analyses revealed mature 
neuronal differentiation in PTPR, which may 
help to distinguish the tumor from CP tumors 
(Hasselblatt et al.  2006 ; Yano et al.  2009  ) . CP 
tumors usually show stronger EMA-positivity, 
without dot- and ring-like patterns, than that in 
PTPRs (Kuchelmeister et al.  2006  ) . The differ-
ential expression of NCAM and E-cadherin in 
PTPRs and CP tumors can also serve as addi-
tional diagnostic criteria (Fèvre-Montange et al. 
 2006  ) . The intense immunoreactivity to NCAM 
is a likely characteristic of PTPRs, but not of CP 
tumors (Figarella-Branger et al.  1995  ) . In con-
trast, E-cadherin immunoreactivity is a likely 
characteristic of CP tumors, but not of PTPRs. 
The majority of PTPRs is characterized by lack 
of membrane staining for Kir7.1 and lack of 
cytoplasmic staining of stanniocalcin-1, both of 
which are positive for CP tumors (Hasselblatt 
et al.  2006  ) . On the other hand, CP tumors are 
generally considered to be negative for neuronal 
markers, including MAP2 and NeuN. Therefore, 
the distinguishing characteristic between PTPRs 
and CP tumors is immunoreactivity for NCAM 
and neuronal markers, including MAP2 and 
NeuN. 

 Generally, other papillary tumors in the pineal 
region, including papillary pineocytoma, pineo-
blastoma, astroblastoma, medulloepithelioma, 
yolk sac tumor, and metastatic papillary carci-
noma, can be easily distinguished from PTPR on 
the basis of their serological tumor markers, 
clinical neuroradiological  fi ndings, and histo-
pathological features.       
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  Abstract 

 Pineal parenchymal tumors (PPTs) are rare 
intracranial neoplasmatic growths in pineal 
region, affecting both children and adults. 
The current WHO classi fi cation of PPTs 
include: pineocytoma, pineoblastoma, pineal 
parenchymal tumor of intermediate differen-
tiation (PPTID), and papillary tumor of 
pineal region (PTPR). However, the biology 
and prognosis of these tumors remains to be 
better understood. Immunohistochemistry is 
used to look at tissue-speci fi c antigens, like 
neuronal and glial markers, as well as prolif-
eration or apoptosis markers, speci fi c pineal 
markers and others. This technique may 
greatly contribute to recognize PPTs biology 
and prognosis in individual cases. 
Identi fi cation of reliable diagnostic markers 
and prognostic factors for pineal region 
tumors is the key challenge for investiga-
tions in this  fi eld. In this section, the review 
of immunohistochemical studies on those 
tumors is presented.      

   Introduction 

 The World Health Organization (WHO) 
classi fi cation of brain tumors includes 126 types 
of neoplasms (Ikota et al.  2006  ) . The variety and 
low incidence of some of them limits systemic 
studies. Pineal parenchymal tumors (PPTs) 
present less than 1% of primary central nervous 
system (CNS) tumors according to Sato and 
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Kubota  (  2009  ) , thus they are extremely dif fi cult 
to characterize with accurate statistical evalua-
tion. The WHO 2007 classi fi cation of PPTs 
includes: pineocytoma (PC Grade I), PPT with 
intermediate differentiation (PPT-ID Grade II/
III), pineoblastoma (PB Grade IV), (   Nakazato 
 2008 ; Arivazhagan et al.  2008  ) , and papillary 
tumor of pineal region (PTPR Grade II/III) 
(Hasselblatt et al.  2006  ) . Pineal parenchymal 
neoplasms represent a broad spectrum of histo-
logic differentiation, from well-differentiating 
lesions to rapidly growing, disseminating 
tumors. All those tumors may be composed of 
cells showing features of neuronal, glial or/and 
photoreceptor or retinal differentiation and pap-
illary tumor of pineal region (Hasselblatt et al. 
 2006  ) . All these tumors may be composed of 
cells presenting features of neuronal, glial or/
and photoreceptor or retinal differentiation. 
Pineoblastomas are found with the highest prev-
alence in children ( fi rst two decades of life). 
PPT-IDs affect mainly young adults whereas 
pineocytomas are found in adults, although very 
rarely both types of tumors may also be found in 
children (Sato and Kubota  2009  ) . 

 The diagnosis of pineal region tumor may 
be very dif fi cult if it is based on the examina-
tion of a small amount of tissue obtained during 
pineal mass biopsy. Moreover, histological 
classi fi cation is sometimes not suf fi cient to 
predict postoperative survival in particular 
patients. Immunohistochemistry (IHC) adds new 
advantages to diagnostic procedures in pineal 
gland neoplasms. It may also present some 
prognostic value by identi fi cation of speci fi c 
markers positively or negatively correlating 
with patients survival. 

 Multiple and extensive studies have been 
already carried on neuronal markers in PPTs with 
use of different antibodies against: synapto-
physin, tubulin, neuro fi lament proteins, neural 
speci fi c enolase (NSE). Glial markers were 
explored in less extent, because they are consid-
ered to be not informative in pineal gland tumors. 
Proliferative markers, like Ki-67, and indicators 
of apoptosis, gained more interest recently as 
they were found to correlate well with clinical 
picture of many tumors (Sato and Kubota  2009  ) .  

   Immunohistochemistry: Methodology 

 Currently, immunohistochemistry is a widely 
used technique in pathology. It is based on bind-
ing of antibodies to speci fi c antigens in examined 
tissues. It is performed on fresh frozen sections 
or paraf fi n embedded organs/tumors sections. 
Frozen tissues need to be  fi xed in acetone:methanol 
(1:1), methanol or 5% paraformaldehyde and 
before staining they must undergo rehydration in 
phosphate buffer solution (PBS). Paraf fi n sec-
tions are  fi rst deparaf fi nized in xylenes and rehy-
drated in set of ethanol solutions graded from 100 
to 70% and then in PBS. Processing tissues in 
paraf fi n may result in change of antigens confor-
mation. Thus, variable antigen retrieval methods 
are used, including high temperature treatment-
boiling/microwaving, and chemical methods 
using reactions with citrate buffer pH 6.0 or 
EDTA buffer pH 8.0, or enzymes with protease 
activity (e.g. proteinase K, trypsin). 

 Final color antigen-positive reaction is usually 
generated by use of substrate 3,3-diaminobenzi-
dine (DAB- black, blue, brown) or aminoethylcar-
bazole (AEC- red) for enzymatic reaction 
catalyzed by horse-radish peroxidase (HRP). To 
avoid non-speci fi c background staining, peroxi-
dase blocking solution (e.g. 0.3% hydrogen per-
oxide in methanol) is used before speci fi c antibody 
application. The antibody against the antigen of 
interest is the primary antibody (I) that can be 
directly conjugated to HRP, but more often is 
detected by use of secondary (II) anti-species 
antibody-HRP conjugated by manufacturer or by 
additional step in protocol. Enzyme is attached to 
secondary antibody by biotin-avidin interaction. 
Though, all the preparation should be modi fi ed 
depending on what antibodies are used, and serum 
blocking (host serum for IInd antibody) and/or 
biotin/avidin blocking must be applied in these 
cases to avoid unspeci fi c reaction. All the incuba-
tions of the slides covered with antibodies are led 
in wet chamber for 1 h in room temperature or 
overnight in 4 °C. After each incubation, washing 
step is necessary to remove excess of antibodies 
that did not bind to antigens. Working concentra-
tion of antibodies is usually established by set of 
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dilutions checked on positive control tissue. 
Traditionally hematoxylin is used as counterstain, 
to identify if antigen of interest is localized in 
nucleus or/and cytoplasm of the cells observed in 
bright  fi eld light microscope (Cuello  1993  ) . 

   Immuno fl uorescence (IF) 

 Immuno fl uorescent technique is similar to 
immunohistochemistry, with that main differ-
ence the primary or secondary antibodies are 
conjugated with  fl uorochrome emitting light of 
the speci fi c wavelength. Fluorescent microscope 
is needed to detect signal from antigen-positive 
tissues. This method is more quantitative, but 
also more sensitive to formalin  fi xation of the 
tissue. Using secondary antibodies with two/
three different  fl uorochromes enables also the 
co-staining and co-localization of different anti-
gens in the same tumor section (Javois  1995  ) .  

   Scoring 

 Most pathologists and scientists use different 
scales or scores to describe color reaction or 
 fl uorescence, especially for statistical analysis of 
speci fi c antigen expression in particular tissue. 

 In  fl uorescence methods, semiquantitative 
method for co-localized markers, and direct light 
intensity measurement can be used for this pur-
pose. For some markers there are standard count-
ing schemes, e.g. Ki-67 labeling index re fl ects 
the percentage (n per hundred) of Ki-67-positive 
tumor nuclei divided by the total number of tumor 
cells examined.   

   Pediatric Pineal Parenchymal Tumors 
Markers in Immunohistochemistry 

 Immunohistochemistry is a valuable method in 
pineal parenchymal tumors diagnosis. PPTs 
were always regarded as dif fi cult to describe his-
tologically unless they had typical pineocytoma-
tous rosettes in pineocytomas or  fl eurettes and 
Homer-Wright or Flexner-Wintersteiner rosettes 

in pineoblastomas, and sometimes necrosis and 
ganglioid cells in pleomorphic type (Sato and 
Kubota  2009  ) . Pineal parenchymal tumors 
are divided in four groups: pineoblastoma 
(Figs.  4.1a–c  and  4.2 ), pineocytoma (Fig.  4.1d–f ), 
PPT of intermediate differentiation (PPTID), 
and papillary tumors of pineal region (PTPR) 
(Fig.  4.1g–i ). The biological behaviour and clini-
cal course cannot be predicted only on the basis 
of histological features. Identi fi cation of speci fi c 
differentiation and proliferation antigens by IHC 
is a valuable tool to distinguish tumor grades. 
Expression of speci fi c markers in PPT can give 
more accurate prognosis than sole classic histo-
logic evaluation of hematoxylin and eosin (H&E) 
stained samples.   

   Neuronal Markers 

 Normal pineal gland is build with pineocytes and 
connective tissue stroma (Fig.  4.1j–l ). Pineocytes 
are neuroepithelial cells immunopositive for syn-
aptophysin and neuro fi laments, chromogranin A, 
retinal S-antigen, serotonin, and melatonin 
(Fig.  4.1l ) (Sato and Kubota  2009  ) . Pineocytomas 
correspond histologically to WHO grade I lesions 
and they are composed of small, mature-appear-
ing pineocytes often forming pineocytomatous 
rosettes. These neoplastic cells imitate differen-
tiation of normal pineocytes, therefore they 
show immunoreactivity for synaptophysin and 
neuro fi laments, chromogranin A, serotonin, and 
melatonin (Hirato and Nakazato  2001  )  (Fig.  4.1d–f ). 
Synaptophysin is mainly found in the cytoplasm 
and the cytoplasmic processes. Neuro fi lament 
protein (NFP) 68 kDa is also expressed in 
cytoplasmatic processes, whereas the cytoplasm 
of pineocytoma cells is positive for neuron 
speci fi c enolase (NSE), and sometimes for NFP 
68 kDa, chromogranin A,   b  -tubulin III, and   a  B 
crystalline (Jouvet et al.  1994  )  (Fig.  4.1f ). 
Photosensory differentiation is associated with 
immunoreactivity for retinal S-antigen and rho-
dopsin (Fukuda et al.  2010  ) . 

 Pineoblastomas are highly malignant embryonal 
tumors of the pineal gland, mainly affecting chil-
dren, frequently associated with CSF dissemination. 
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  Fig. 4.1    ( a ) Pineoblastoma: diffuse sheets of small hyper-
chromatic cells. HE staining; ( b ) Pineoblastoma: strong 
expression of synaptophysin; ( c ) Pineoblastoma: high 
Ki-67 labeling index; ( d ) Pineocytoma: irregulary placed 
tumor cells around islands of neuropil. HE staining; ( e ) 
Pineocytoma: strong expression of neuro fi lament; ( f ) 
Pineocytoma: strong expression of NSE; ( g ) Papillary 
tumor of the pineal region: papillary areas. HE staining; 
( h ) Papillary tumor of the pineal region: cytokeratin posi-

tivity; ( i ) Papillary tumor of the pineal region: NSE 
expression; ( j ) Pineal gland: uniform lobularity. HE stain-
ing; ( k ) Pineal gland: GFAP- positive astrocytes with 
long processes characteristic for normal pineal gland; 
( l ) Pineal gland: synaptophysin- positive pineal tissue; 
( m ) Pineal glial cyst: the sharp interface between glial 
layer and normal pineal gland. HE staining; ( n ) Pineal glial 
cyst: strong GFAP expression. Light microscopy. Original 
magni fi cation – 40×       
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These tumors are composed of sheets of small, 
undifferentiated cells with round nuclei and scant 
cytoplasm. Pineoblastomas correspond histologi-
cally to WHO grade IV. The immunophenotype of 
these tumors is similar to that of pineocytomas and 
quite often they show expression of neural antigens 
with variable expression intensity (Fig.  4.1a–c ). 
They may also show morphological features and 
markers of photoreceptors expressing retinal 
S-antigen. Synaptophysin staining is usually posi-
tive in all types of PPTs. Kumar et al.  (  2006  )  showed 
synaptophysin cytoplasmic reactivity in pineoblas-
tomas, and in cytoplasm as well as  fi brillary core of 
rosettes in pineocytomas. 

 Neuro fi lament protein 68 kDa was found to 
be of high diagnostic utility (Jouvet et al.  1994 ; 
Yamane et al.  2002  ) , leading to additional PPTs 

reclassi fi cation by Jouvet et al.  (  1994  )  in grades 
according to number of mitosis and NFP positiv-
ity. Moreover, Arivazhagan et al.  (  2008  )  
described neuro fi lament immunoreactivity as 
indicator of better prognosis, which correlated 
with patients survival, irrespective of the histo-
logical subgroup. 

 Marcol et al.  (  2009  )  presented recently a study 
on neuronal speci fi c enolase expression in pineal 
region tumors. The NSE expression was weak, 
but present in pineoblastomas, and evident in all 
pineocytomas. Statistically positive correlation 
between patient’s survival and NSE expression 
was found. Tubulin III was found by the same 
group more often and with stronger signal in 
pineocytomas than in pineoblastomas, and posi-
tively correlated with patients’ survival.  

  Fig. 4.2    Microphotograph of pineoblastoma specimen 
analyzed with the immunohistochemical double label-
ing demonstrating clearly nuclear positive reaction for 
Ki-67 ( green ,  a ), positive reaction for Bcl-2 antigen 
( red ,  b ; this protein is present only in the cells’ cyto-
plasm), DAPI stained cells found in this specimen 
( blue ,  c ), and  co-localisation of Ki-67/Bcl-2 ( green/red 

color ) only in single cells –  asterisk  ( d ). Note lack of 
co-localisation of these two antigens in majority of 
cells.  Arrows  in the  box , examples of single labeled 
cells:  big arrow  presents Ki-67 positive cell,  small 
arrow  – Bcl-2 labeled neuron. Confocal microscopy. 
Original magni fi cation – 200× (from: Marcol et al. 
(2006) J Mol Histol 37:5–7)       
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   Glial Markers 

 Stroma of normal pineal gland may consist of 
some astrocytes and they are expressing typically 
glial  fi brillary acidic protein (GFAP) and S-100 
protein (Sato and Kubota  2009  )  (Fig.  4.1k ). Glial 
differentiation in pineal parenchymal tumors is 
very rare phenomenon, and most GFAP-positive 
cells are reactive astroglia entrapped in the tumor 
(Yamane et al.  2002  )  (Fig.  4.1m, n ). Historically 
GFAP-negative (together with synaptophysin-
positive) pattern was considered as a good marker 
distinguishing pineocytoma from glioma of astro-
cytic or ependymal type, which present opposite 
reaction (Schild et al.  1993 ; Kumar et al.  2006  ) . 
Marcol et al.  (  2009  )  found GFAP-positive cells in 
10 out of 27 pineal gland tumors: in 2 out of 11 
pineoblastomas, and in 8 out of 16 pineocytomas. 
The difference between groups was not statisti-
cally signi fi cant, and expression of GFAP did not 
correlate with patients survival.  

   Nestin 

 Nestin is early neuroectodermal marker typical 
for immature cells that can differentiate either in 
neurons or in glia. In healthy adult human nestin-
positive cells can be found only in dentate gyrus 
of the hippocampus and in olfactory bulb. Nestin 
intermediate  fi lament was found by Sugawara 
et al.  (  2002  )  in proliferating endothelium in malig-
nant gliomas. It was also found in many other 
malignant tumors in central nervous system. This 
marker was included in Marcol et al.  (  2009  )  work 
as a putative indicator of not differentiated prolif-
erating cells in pineal parenchymal tumors. Nestin 
was found only in 3 of 11 pineoblastomas and 
intermediately differentiated PPTs, and in none of 
pineocytomas. Nestin showed evident negative 
correlation with patients’ survival in this study.  

   Pineal Markers 

 Yoichi Nakazato’s laboratory developed seven 
antibodies against pinealocytes: PP1-PP7, and 
three antibodies reacting with pineal interstitial 

cells: PI1, PI2, PX1 (Yamane et al.  2002  ) . These 
antibodies show different patterns of immunore-
activity in normal pineal glands. PP1, PP4 and 
PP6 show granular stain in cytoplasm, whereas 
PP2 and PP5 are diffused in cytoplasm. PP3 is a 
membranous antigen. PP7 labels apical parts of 
pinealocytes and cell processes (Ikota et al.  2006 ; 
Yamane et al.  2002  ) . Only PP5 was found to be 
useful in discrimination astrocytic versus oligo-
dendroglial tumors of central nervous system 
(Ikota et al.  2006  ) . The other two: PP1 and PP6 
show signi fi cant differences of reactivity between 
pineocytoma, intermediate differentiated PPT, 
and pineoblastoma. Expression of PP1 and PP6 
in pineocytoma was strong, in pineoblastoma it 
was very weak, and was average in intermediate 
differentiated PPT (Yamane et al.  2002  ) . Tumors 
do not stain positively for interstitial cells mark-
ers PI1, PI2, PX1. Only GFAP-immunoreactive 
cells seem to have also PI1, PI2 antigens present, 
but usually they are not part of tumor, but normal 
or reactive astrocytes. 

 Hydroxyindole- O -methyltransferase (HIOMT) 
catalyzes the  fi nal reaction in melatonin synthesis. 
In normal pineal gland, HIOMT is expressed in 
pineal parenchymal cells. It is also expressed in 
pineal parenchymal tumors, including pineocy-
toma, pineal parenchymal tumor of intermediate 
differentiation, and pineoblastoma (Fukuda et al. 
 2010  ) . There was an association between tumor 
biology and the percentage of HIOMT-positive 
cells reported: the lower the differentiation of the 
tumor, the lower the percentage of HIOMT-
immunoreactive cells. As shown by Fèvre-
Montagne et al.  (  2008a,   b  ) , PTPR does not express 
HIOMT. Tryptophan hydroxylase (TPH), another 
enzyme involved in melatonin biosynthesis, was 
found to be expressed in PPT cells (Fèvre-
Montagne et al.  2008a,   b  ) , but not in PTPR.  

   Proliferative Markers 

 Proliferative index is made on basis of counting 
Ki-67 (MIB-1)-positive nuclei per hundred tumor 
cells (Figs.  4.1c  and  4.2 ). It is higher in pineoblas-
tomas (>8%), and pineocytomas with anaplasia 
(<7%) than in PPTID (3–10%), and pineocytomas 
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(0.27%)    so correlates with proliferative potential 
of tumor (Sato and Kubota  2009  ) . The MIB-1 
labelling index of normal parenchymal cells of 
pineal gland is typically zero. Though, Tsumanuma 
et al.  (  1999  )  and Arivazhagan et al.  (  2008  )  found it 
rather not predictive for tumor recurrence. 
Interestingly, they noticed MIB-1 index to be lower 
in neuro fi lament protein-positive cases, suggest-
ing that NF-protein may be associated with good 
prognosis.  

   Apoptotic Markers 

 Apoptosis is a programmed cell death. It is sup-
posed to be the natural way of elimination of 
abnormal cells in healthy organism. This process 
is disregulated in tumors and leads to neoplastic 
cells expansion and accumulation of DNA aber-
rations. In normal pineal body, Marcol et al.  (  2006  )  
described apoptotic index at almost invisible level 
with Bcl-2 expression in 0.7% of cells. There were 
no Bax-immunopositive pinealocytes. Bcl-2-
positive cells were mature neurons, neither imma-
ture ones nor glia. The same authors studied the 
apoptotic markers in pineal parenchymal tumors 
(Marcol et al.  2009  ) . Bcl-2 expression pro fi le was 
higher in pineoblastomas when compared to pine-
ocytomas, and strongly correlated with patients’ 
shorter survival after surgery (Fig.  4.2 ). 
Overexpression of Bcl-2 was established as inde-
pendent prognostic factor, even if found in tubulin- 
and NSE-positive cells. No signi fi cant differences 
in Bax expression were found. Bax was present in 
GFAP- positive cells only.  

   p53 Protein 

 Protein p53 is tumor suppressor protein, playing 
an important role in cell cycle regulation. 
Mutations in p53-encoding gene may lead to 
abnormal localization of the protein and cell 
cycle dysregulation. In pineal parenchymal tumor 
its role is controversial. Tsumanuma et al.  (  1995  )  
in immunohistochemical analysis revealed no 
positive staining for p53 protein in pineal region 
tumors. Molecular genetic testing revealed that 

p53 gene mutation is rare in pineal gland tumors. 
Marcol et al.  2009  found positive staining for p53 
in 7 out of 27 cases. In most of them, the reaction 
was weak, still it correlated negatively with sur-
vival time in those cases. 

 In conclusion, Jouvet et al.  (  1994  )  was  fi rst 
to state that standard histological examination 
is insuf fi cient to give the detailed diagnosis and 
prognosis in pineal parenchymal tumors in sub-
groups, and immunohistochemistry helps in 
accurate evaluation. Immunohistochemistry is a 
valuable technique, but it should be kept in 
mind that PPTs are very rare tumors, so well-
designed multicenter studies are required for 
identi fi cation of reliable diagnostic and prog-
nostic markers. Retrospective studies, however, 
indicate that some neuronal, glial, pineal, pro-
liferative, apoptotic, and other markers might 
have not only diagnostic but also prognostic 
value. Neuro fi lament protein, neuron speci fi c 
enolase and tubulin are neuronal markers which 
correlate positively with patients’ survival 
(Yamane et al.  2002 ; Marcol et al.  2009  ) . Better 
prognosis is independent of histological types 
of pineal parenchymal tumors, as far as they are 
immunoreactive for those markers (Arivazhagan 
et al.  2008  ) . Presence of neuronal markers does 
not mean these are really mature neurons, and 
can be misleading. Co-expression of Bcl-2 anti-
apoptotic factor and NSE- or beta III tubulin is 
associated with markedly worse prognosis 
(Marcol et al.  2009  ) . Tumors positive for nestin 
and p53 protein were also shown to be charac-
terized by shorter survival of patients. 
Proliferative index based on Ki-67 (MIB-1)-
positive cells count correlates negatively with 
patients’s survival. Nevertheless, when index is 
low (up to 7%), even pleomorphic pineocy-
tomas and PPTID may have benign clinical out-
come (Fèvre-Montange et al.  2008a,   b  ) . Glial 
markers, like GFAP, are not distinctive in pineal 
parenchymal tumors, but can help in differen-
tial diagnosis (Schild et al.  1993  ) . Pineal mark-
ers also have limited value. Only PP1 and PP6 
antibodies distinguish histological types of 
PPTs by different intensity of signal (Yamane 
et al.  2002  ) , but do not give favorable or unfa-
vorable prediction. 
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 PTPR is a rare neuroepithelial tumor of the 
pineal region mainly in adults, characterized by 
papillary architecture and epithelial feature. 
This tumor may corresponds to grades II or III 
(Hirato and Nakazato 2001). The most charac-
teristic immunohistochemical feature of PTPR 
is the reactivity neoplastic cells for keratin 
(AE1/AE3, CAM5.2, CK18). Focal GFAP 
immunoexpression may be seen. PTPRs reveal 
expression of vimentin, S-100 protein, NSE, 
MAP2, N-CAM. NFP immunoreactivity is never 
seen, while the neuroen docrine markers such as 
synaptophysin and chromogranin may be focally 
expressed. The Ki-67 labelling index is moder-
ate, highest in tumors of young patients (Hirato 
and Nakazato 2001).       
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  Abstract 

 Pineal parenchymal tumors (PPTs) are 
 heterogeneous population of rare tumors with 
hard-to-predict clinical outcome. Their diagno-
sis is also problematic, as there are no speci fi c 
and characteristic markers. Radiological imag-
ing is mostly useful; however it does not give 
enough data about tumor type. There is a strong 
need to work out methods enabling as well ear-
lier recognition and better prognosis of out-
come of the disease as assessment of therapeutic 
effectiveness. In this chapter we summarize 
present, however still very limited, information 
about PPTs.      

   Introduction 

 Pineal region tumors are comparatively rare as 
they represent 0.4–1.0% of all intracranial tumors 
irrespective of age (Russel and Rubinstein  1977  ) , 
for north-eastern Asian countries they account 
most frequently for 2.0–8% (   Sano et al.  1983 ). 
They are relatively more common in children and 
young people accounting for 3–11% of all pedi-
atric intracranial tumors (Cho et al.  1998 ; 
Hoffman et al.  1994  ) . Among them, the most 
common are germ cell tumors. Pineal parenchy-
mal tumors (PPTs) are rare and determine 
14–30% of all tumors of the pineal region (Jouvet 
et al.  1994 ; Hirato and Nakazato  2001  ) . 

 Pineal parenchymal tumors develop from 
pineocytes or their embryonic precursors, and 
they are ranging from tumors composed of 
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mature elements to primitive immature cells. 
They can be divided into three histological 
types: pineocytoma, pineoblastoma and pineal 
parenchymal tumor of intermediate differentia-
tion. Pineocytomas are well differentiated, slow-
growing neoplasms composed of small mature 
pineocyte-resembling cells corresponding histo-
logically to WHO grade II (Sato and Kubota 
 2009  ) . However, pineocytomas are not as 
homogenous group as it is widely believed, par-
ticularly in younger patients, they can behave 
aggressively and have a high rate of recurrence 
(Deshmukh et al.  2004 ). Pineoblastomas are 
poorly differentiated, malignant, embryonic 
neoplasms corresponding histologically to 
WHO grade IV with a highly malignant biologi-
cal behaviour (Karasek et al.  2007  ) . Pineal 
parenchymal tumors of intermediate differentia-
tion show an intermediate histological grade of 
malignancy with an unpredictable growth rate 
and clinical behaviour (Karasek et al.  2007  ) . 

  Pineocytomas and pineoblastomas constitute 
respectively 45% of PPTs whereas pineal paren-
chymal tumors of intermediate differentiation 
make ca.10% of the entire group (Fauchon et al. 
 2000 ; Mena et al.  2000  ) . Pineocytomas do not 
show any preference for sex while pineoblastoma 
shows a slight male predominance. They happen 
in patients of various age groups. Pineoblastomas 
tend to occur in the  fi rst two decades of life 
whereas pineocytoma in adults, especially in the 
third and fourth decade of life (Cho et al.  1998 ; 
Mena et al.  2000  ) .  

   Clinical Symptomatology 

 The interval between initial symptoms and 
treatment may be less then month for pineoblas-
toma. Two distinct groups of symptoms may be 
distinguished in patients with pineal tumors, 
regardless of their histological forms:

   symptoms of increased intracranial pressure • 
caused by obstructive hydrocephalus as a 
result of aqueduct occlusion by a tumor mass  
  focal neurological de fi cits due to the compression • 
or invasion of the tumor on neighboring neural 
structures; brain stem, thalamus or cerebellum.    

 The signs of increased intracranial pressure are 
the most common and usually  fi rst manifestations 
of pineal region tumors. Headache, nausea and 
vomiting constitute typical presentation of the 
increased intracranial pressure syndrome. Blurred 
or double vision, papilledema and drowsiness in 
the later stage are also commonly found (Kang 
et al.  1998 ; Mandera and Bazowski  2004  ) . 

 The pathognomonic symptom for pineal and 
tectal region tumors is Parinaud’s syndrome 
developing from a compression on the quadri-
geminal plate. In Parinaud’s syndrome, the paral-
ysis of conjugate upward gaze with frequently 
impaired pupillary light reaction in the presence 
of intact accommodative response are observed. 
Other symptoms resulting from the pressure of 
adjacent brain structures, such as cerebellar 
ataxia, hemiparesis, changes in mental status, 
hypothalamic-based endocrine abnormalities 
rarely appear (Kang et al.  1998 ; Mandera and 
Bazowski  2004  ) .  

   Diagnosis 

   Radiology 

 On CT examination, pineocytoma is usually a 
regular, spherical tumor less than 3 cm in diame-
ter with frequently found calci fi cations or occa-
sional cystic changes. Pineoblastoma often attains 
larger size and is less regular in shape. Although 
computed tomography (CT) allows identi fi cation 
of the pineal tumor, the magnetic resonance 
imaging (MRI) provides more detailed informa-
tion and is superior in visualizing the tumor. 
Satoh et al.  (  1995  )  reported that PPTs are usually 
sharply demarcated and smoothly marginated 
from the normal brain tissue on MRI. They 
exhibit either iso- or hypointensity on T1-weighted 
images. On T2-weigthted images, pineocytoma 
shows usually high intensity while pineoblastoma 
appears as low-intensity lesion. The gadolinum 
enhancement of these lesions is usually heteroge-
neous (Satoh et al.  1995  )  (Figs.  5.1  and  5.2 ). 
Tumor relations to the quadrigeminal plate and 
deep veins are essential in the aspect of a planned 
surgical approach. The deep location, narrow 
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con fi nes and density of vascular structures require 
detailed analysis of parenchymal, vascular, cis-
ternal and ventricular architecture. Therefore, 
MRI is a  fi rst choice examination. Unfortunately, 
there are no characteristic features on CT and 
MRI that allow to differentiate the histological 
forms of neoplasms (Satoh et al.  1995 ; Tien et al. 
 1990  ) .   

 Differentiation of pineocytoma from simple 
pineal cyst is very important. Pineal cysts are 
diagnosed when the lesion is 8 mm long or greater 
in single plane, although some authors classify 
lesions of 5 mm in diameter as cysts, especially 
in cases when the smooth and thin rim (<2 mm) 
of enhancement is visible after application of 
contrast material (Sawamura et al.  1995  ) . They 
are well-circumscribed, homogenous, round 

formations that are isointensive or only slightly 
hyperintense relative to CSF on MR T1-weighted 
images. On T2-weighted and proton density-
weighted images they are hyperintense relative to 
CSF (Engel et al.  2000 ; Mandera et al.  2003  ) .  

   Biochemical Markers 

 Some biochemical markers like alpha-fetoprotein 
and beta-human chorionic gonadotropin in the 
serum and the cerebrospinal  fl uid have a well docu-
mented role in the diagnostics of the pineal gland 
pathology. They allow diagnosis of some forms of 
malignant germ cell tumors, mainly endodermal 
sinus tumor, chorioncarcinoma or embryonal carci-
noma (Washiyama et al.  1987  ) . Unfortunately, there 

  Fig. 5.1    Magnetic resonance imaging of pineocytoma. 
( a ) and ( c ) Sagittal T1-weighted MRI without gadolinium; 
( b ) and ( d ) axial T1-weighted MRI with gadolinium. 

 Upper panel  – before surgery;  lower panel  – after total 
surgical removal of the tumor       
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are no biochemical markers speci fi c both for PPTs 
as a whole group and for different types of PPTs. 

 There are also some reports on melatonin as a 
possible marker of PPTs (Mandera et al.  1999 ; 
Vorkapic et al.  1987  ) . Webb and Puig-Domingo 
 (  1995  )  speculated that excessive secretion of mela-
tonin could be present in tumors developing from 
pineal parenchyma, especially pineocytoma, while 
in lesions causing destruction or compression of 
pineal gland, e.g. teratoma or hypothalamic hama-
rtoma, low values of melatonin should be found. 
Moreover, hydroxyindole- O -methyltransferase 
(HIOMT – an enzyme catalyzing the  fi nal step in 
melatonin synthesis) activity as well as expression 
of mRNA coding for HIOMT and serotonin 
 N -acetyltransferase (the key enzyme in melatonin 
synthesis) are detectable in CSF in both pineocytoma 

and pineoblastoma patients (Kleihues and Cavenee 
 2000 ; Fukuda et al.  2010   ; Tsumanuma et al.  2000 ). 
Unfortunately, the results presented so far in the 
literature are insuf fi cient and further studies on more 
numerous population are necessary to con fi rm 
melatonin usefulness as the PPTs biochemical 
marker. Some pineal cysts occasionally contain 
 fi brillary astrocytes or Rosenthal  fi bers and demon-
strate reactivity to glial  fi brillary acid protein and 
the S100 protein stains (Al-Holou et al.  2010  ) .  

   Cerebrospinal Fluid (CSF) Cytology 

 Apart from neuroimaging study and the detection 
of biochemical markers, a CSF cytology also pro-
vides an essential information in the presurgical 

  Fig. 5.2    Magnetic resonance imaging of pineoblastoma. 
 Upper panel : Axial T1-weighted MRI images before ( a ) 
and after ( b ) gadolinium administration.  Lower panel : 

Sagittal T2-weighted MRI image ( c ) and T1-weighted 
MRI with gadolinium ( d )       
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diagnostics. The presence of malignant cells in 
CSF indicates dissemination of the tumor along 
pathways of CSF  fl ow. Neoplastic cells found in 
CSF are particularly common in cases of pineo-
blastoma and malignant germ cell tumors, reach-
ing 45–100% of the cases depending upon the 
stage of the disease (Fauchon et al.  2000 ; 
Shibamoto et al.  1994  )  and 10–15% for low and 
intermediate grade PPTs (Luther et al.  2010  ) .  

   Stereotactic and Endoscopic Biopsy 

 As histological veri fi cation is necessary for 
choosing an optimal therapeutic strategy, stereot-
actic and endoscopic or open biopsy is of some 
importance in diagnostics of pineal region tumors, 
however there are many controversies of their 
diagnostic value and safety. 

 Endoscopic biopsy allows not only to obtain 
tumor specimens for histopathological examina-
tion but also to treat hydrocephalus by perform-
ing ventriculocysternostomy (VCS) during one 
procedure. Therefore, it is recommended in cases 
with coexisting hydrocephalus. Despite of no 
signi fi cant increase of leptomeningeal dissemi-
nation followed by VCS, some authors recom-
mend non-symptomatic patients a follow-up with 
spine MR imaging or CSF cytology (Ahn and 
Goumnerova  2010  ) . Stereotactic biopsy may be 
considered in cases with normal size of the ven-
tricles. Both methods are relatively low invasive, 
however a signi fi cant risk of hemorrhagic com-
plications should be taken into consideration. 
The other disadvantage is that a small size of the 
tumor samples obtained with both types of biopsy 
may be a reason of false histological diagnosis 
(Oi et al.  2000 ; Regis et al.  1996 ; Ferrer et al. 
 1997  ) . As technology has continued to improve, 
surgical goals have progressed from biopsy to 
save and complete tumor removal. PPTs have 
either been approached surgically (gross-total 
resection for benign tumors) with or without con-
ventional external-bean radiation therapy. The 
radiosurgery can be successfully used in conjunc-
tion with a reduced-dose of craniospinal radia-
tion planned as a boast modality (Lekovic et al. 
 2007  ) . The most effective procedure for PPTs 

treatment relies on multidisciplinary approach 
combining surgery, radiation and/or radiosurgery 
and chemiotherapy if applicable.   

   Prognosis 

 Prognosis of patients with pineal region tumors 
correlates strongly with histology of the neo-
plasm. Pineocytoma has a good prognosis, 
although in some cases recurrence of the tumor is 
possible, especially if it is not totally removed. 
Five-year survival rate is estimated at 67–86% of 
patients with pineocytoma (Fauchon et al.  2000 ; 
Schild et al.  1993  ) . The only exception is an 
extremely rare form of PPT – papillary pineocy-
toma – which has a poor outcome and needs 
aggressive treatment (Kawahara et al.  2007 ; 
Marcol et al.  2007  ) . 

 Prognosis in pineoblastoma case is very poor. 
According to Fauchon et al. ( 2000 ) and Mena 
et al.  (  1995  ) , average time of survival ranges from 
16 to 25 months and 5-year survival rate was 
reported in 15% of pineoblastoma (Lapras et al. 
 1999  ) . Pineal parenchymal tumors of intermedi-
ate differentiation are very rare and only limited 
data are available regarding their biologic and 
clinical characteristics. Thus, the prognosis in 
this entity is in many aspects unpredictable. Some 
authors, like Fèvre-Montange et al.  (  2008  ) , report 
benign clinical course. However, there are also 
reports of possible malignant behaviour or even 
transformation of this neoplasm to pineoblastoma 
with less favourable outcome (Kim et al.  2009  ) . 

 In conclusion, pineal parenchymal tumors are 
rare and constitute only 14–30% of all pineal 
region tumors. They can be divided into three 
histological types: pineocytoma, pineoblastoma 
and pineal parenchymal tumor of intermediate 
differentiation. Recently a new and very rare 
form of pineal region neoplasm has been 
described as a papillary tumor of pineal region. 
Initial diagnosis of pineal region tumors is based 
on MR study. Unfortunately, there are no charac-
teristic features on MRI that allow to differentiate 
the histological forms of neoplasms. Some bio-
chemical markers can help in differential diagno-
sis, however no speci fi c marker for PPTs exists 
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so far. Thus,  fi nal diagnosis of PPT is always 
based on histological examination of the tumor 
tissue obtained by open surgery and removal of 
the tumor or at least endoscopic or stereotactic 
biopsy. Treatment strategy and prognosis depend 
on the histology of the tumor. Pineocytoma has a 
good prognosis, while pineoblastoma very poor. 
In cases of PPTs of intermediate differentiation 
prognosis is unpredictable.      
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  Abstract 

 In 2003, papillary tumor of the pineal region has 
been described as a distinct entity on the basis of 
a series of six cases with identical histological 
features. It is a rare neuroepithelial tumor of the 
pineal region, characterized by a papillary archi-
tecture and epithelial cytology, with immunopo-
sitivity for cytokeratins, and ultrastructural 
features suggesting ependymal differentiation. 
It stains for vimentin, S100 protein, NSE, 
MAP2, N-CAM, and TTR, while GFAP label-
ing is focal or absent. Possible origin from spe-
cialized ependymal cells of the subcommissural 
organ has been suggested. In 2007, the World 
Health Organization (WHO) formally recog-
nized it as a distinct entity in the classi fi cation of 
tumors of the nervous system. A speci fi c WHO 
grade has not been given but it has been sug-
gested that the tumor corresponds to grade II or 
III. However, histological grading criteria 
remain to be de fi ned. Papillary tumor of the 
pineal region manifests in both children and 
adults. Its biological behavior is variable. 
Clinically, it is characterized by progressive 
growth, frequent local recurrence (which has 
been reported in up to 70% of the patients), and 
rare spinal dissemination (which has been 
reported in up to 7% of the patients). The 5-year 
estimates for overall survival and progression-
free survival have been evaluated in 73 and 27%, 
respectively. At neuroimaging, the tumor 
appears as a well-circumscribed, contrast-
enhancing pineal mass. At magnetic resonance 
imaging, a reliable  fi nding seems to be the 
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 high-intensity signal on unenhanced T1-weighted 
images. When a mass of the posterior commis-
sure or pineal region shows high-intensity sig-
nal on T1-weighted images, in the absence of 
fat, hemorrhage, melanin, or calci fi cation, the 
diagnosis of a papillary tumor of the pineal 
region may be suggested so that speci fi c immu-
nohistochemical studies can be performed for a 
de fi nitive diagnosis. Treatment of choice is sur-
gery followed by irradiation, though the value 
of irradiation on disease progression is contro-
versial. Incomplete resection and marked mitotic 
activity tend to be associated with recurrence 
and decreased survival.      

   Introduction 

 Tumors of the pineal region are infrequent lesions 
that account for only 1% of all intracranial tumors. 
Primary tumors of the pineal region with papillary 
features include papillary pineal parenchymal 
tumor, i.e. pineocytoma and pineoblastoma, papil-
lary ependymoma, choroid plexus tumors, papillary 
meningioma, and germ cell tumors. In adulthood, 
differential diagnosis must consider papillary meta-
static tumors from various primary sites. 

 Papillary tumor of the pineal region has been 
described for the  fi rst time as a distinct entity by 
Jouvet et al.  (  2003  ) , on the basis of a series of six 
cases with identical histological features. In 2007, 
the World Health Organization (WHO) formally 
recognized it as a distinct entity in the classi fi cation 
of tumors of the nervous system. The provisional 
code proposed for the fourth edition of 
International Classi fi cation of Diseases for 
Oncology is 9395/3 (Louis et al.  2007  ) . 

 Hasselblatt et al.  (  2006  )  described a series of 
papillary tumors initially diagnosed as choroid 
plexus papilloma, papillary ependymoma, or 
papillary pineal parenchymal tumor and subse-
quently reclassi fi ed as a primary papillary tumor 
of the pineal region after re-examination and 
immunohistochemical staining. Therefore, it is 
likely that other previous reports of unusual pos-
terior third ventricle choroid plexus tumors, 
pineal parenchymal tumors, “papillary pineocy-
tomas”, papillary ependymomas, or even papil-
lary meningiomas of the pineal region may 
actually represent early examples of a papillary 
tumor of the pineal region.  

   Epidemiology and Natural History 

 Papillary tumor of the pineal region is a rare 
tumor, thus incidence data are not available. The 
natural history is not completely known. The bio-
logical behavior of the tumor is variable. 

 Fèvre-Montange et al.  (  2006a,   b  ) , Hasselblatt 
et al.  (  2006  ) , Jouvet et al.  (  2003  ) , Kern et al. 
 (  2006  ) , Kuchelmeister et al.  (  2006  ) , Shibahara 
et al.  (  2004  ) , and Li et al.  (  2011  )  reported exam-
ples of this tumor in both children and adults, with 
age ranging from 15 months to 66 years (mean, 
32 years). No sex predilection has been noted. The 
most frequent clinical symptoms described were 
headache, tinnitus, vertigo, gait imbalance, mem-
ory loss, impairment of gaze and visual distur-
bance. Papillary tumor of the pineal region 
typically presents with symptoms and signs of 
obstructive hydrocephalus, such as occurred in the 
patient observed in our experience (Cerase et al. 
 2009  ) . Papillary tumor of the pineal region shows 

Fig. 6.1 (continued) show a iodine contrast-enhanced 
isodense mass lesion ( white arrow ) of the pituitary region. 
Note also the initial triventricular hydrocephalus. At 
unenhanced T2- ( c ) and T1-weighted ( d ), and gadolinium-
enhanced T1-weighted ( e ) coronal MR images, the lesion 
wraps up the cranial portion of the quadrigeminal plate, 
and  fi lls the cranial portion of the sylvian acqueduct. The 
lesion shows inhomogeneous intensity on T2-weighted 
images, subtle high-intensity signal on T1-weighted 
images ( black arrow ), and homogeneous contrast-
enhancement. The lesion exhibited restricted diffusion 
at diffusion-weighted imaging and apparent diffusion 

coef fi cient maps ( not shown ). Twenty-two ( f ) and twenty-
nine months ( g ,  h ) later, unenhanced T2-weighted ( f ,  g ) 
and gadolinium-enhanced T1-weighted ( h ) coronal MR 
images show clearcut enlargement of the lesion with the 
development of a cystic-necrotic component and inhomo-
geneous contrast-enhancement. Then, the patient under-
went surgical resection and irradiation. Four years later, 
serial nonconsecutive gadolinium-enhanced T1-weighted 
coronal MR images ( i – k ) show  fi ndings consistent with 
leptomeningeal relapse in the posterior fossa, already evi-
dent 1 year before. This occurred in the absence of signs 
of local relapse.       



  Fig. 6.1    Computed tomography (CT) and magnetic res-
onance (MR) imaging of the brain of the patient reported 

by Cerase et al.  (  2009  ) . Unenhanced ( a ) and iodine 
contrast-enhanced ( b ) axial CT scans obtained at diagnosis 

 



50 A. Cerase and S. Leonini

a progressive growth and frequent recurrence. 
Leptomeningeal (Fig.  6.1i–k ) and spinal dissemi-
nation is possible, also at diagnosis. Sato et al. 
 (  2009  )  reported a young boy with early cerebro-
spinal  fl uid dissemination and a possible multi-
centric origin.  

   Neuroimaging 

 There are only limited neuroimaging reports of 
papillary tumor of the pineal region, which usu-
ally is described as a large, well circumscribed, 
heterogeneous pineal mass, occasionally featur-
ing a cystic-necrotic component. At computed 
tomography (CT) (Fig.  6.1a ), the lesion generally 
appears iso to hypodense when compared to the 
cortical gray matter. At magnetic resonance 
imaging (MRI), the lesion is generally heteroge-
neous on both T1- and T2-weighted images, pos-
sibly with cystic components, such as reported by 
Ballesteros et al.  (  1997  ) , Chang et al.  (  2008  ) , 
Dagnew et al.  (  2007  ) , Smirniotopoulos et al. 
 (  1992  ) . Low-intensity signal on T2-weighted 
images seems to be consistent with densely cel-
lular areas. Chang et al.  (  2008  )  reported a charac-
teristic high-intensity signal on T1-weighted 
images in four patients. They have hypothesized 
that protein, glycoprotein or other T1-shortening 
substances produced by tumor cells with well-
differentiated secretory functions were the cause. 
When a pineal mass shows intrinsic high signal 
intensity on T1-weighted images, other lesions 
including teratoma, dermoid cyst, lipoma, hem-
orrhagic metastases such as from renal or thyroid 
cancer, or melanoma, should be excluded before 
suggesting the diagnosis of papillary tumor of the 
pineal region. High-intensity signal on T1-weighted 
images (Fig.  6.1d ) has been con fi rmed as a reli-
able sign of papillary tumor of the pineal region 
also in our experience (Cerase et al.  2009  ) . 
Notably, when CT and MRI rule out fat, hemor-
rhage, melanin or calci fi cation in a mass of the 
posterior commissure or pineal region, the diag-
nosis of papillary tumor of the pineal region may 
be suggested so that speci fi c immunohistochemi-
cal studies can be performed for a de fi nitive diag-
nosis. However, the tumor might appear isointense 

on T1-weighted MR images. At both iodine 
 contrast-enhanced CT (Fig.  6.1b ) and gadolinium-
enhanced T1-weighted MR imaging (Fig.  6.1e, h ), 
the tumor shows variable contrast-enhancement. 
Patel et al.  (  2012  )  have presented a nonenhancing 
tumor at MR images. Regarding advanced MR 
techniques, Vaghela et al.  (  2010  )  have con fi rmed 
other reports showing that the tumor presents 
high level of perfusion, diffusion restriction, and 
presence of myo-inositol peak, and that these 
 fi ndings may correlate with high incidence of 
tumor recurrence. Inoue et al.  (  2008  )  and Sato 
et al.  (  2009  )  reported a signi fi cant radiotracer 
uptake with increased glucose metabolism 
suggesting a malignant tumor at both [ 18 F] 
 fl uorodeoxyglucose positron emission tomo graphy 
and In-DTPA-pentetreotide scan, respectively.   

   Neuropathology and Genetics 

 Papillary tumor of the pineal region presents as a 
well-circumscribed mass, grossly indistinguishable 
from pineocytoma. It is an epithelial-appearing 
tumor with papillary architecture and more densely 
cellular areas, often exhibiting ependymal-like dif-
ferentiation, i.e., true rosettes and tubes. Fèvre 
Montange et al.  (  2012  )  have reported the detailed 
description of the histopathologic features of a 
large series of tumors from 20 different centers and 
distinguished two subgroups with either a striking 
papillary growth pattern or a papillary and solid 
growth pattern. These two subgroups present simi-
lar clinical characteristics and immunophenotypes. 
A speci fi c WHO grade has not been given but it has 
been suggested that papillary tumor of the pineal 
region corresponds to grade II or III, however his-
tological grading criteria remain to be de fi ned. 

 Jouvet et al.  (  2003  )  asserted that ultrastructural 
demonstration of ependymal, secretory and neu-
roendocrine features, and immunoistochemical 
 fi ndings suggest that papillary tumor of the pineal 
gland may have specialized ependymal derivation, 
probably arising from the subcommissural organ. 
Leonardt  (  1980  ) , Meiniel  (  2007  ) , Perez-Figares 
et al.  (  2001  ) , and Rodriguez et al.  (  2001  )  have 
extensively described the subcommissural organ, 
i.e. a small ependymal brain gland located in the 
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third ventricle, adjacent to the pineal gland, at the 
entrance of the third ventricle, and secretes glyco-
proteins into the ventricular cerebrospinal  fl uid, 
such as reported by. It reaches full development dur-
ing the embryonic period, and regresses after birth, 
such that only some remnants cells of the special-
ized subcommissural organ invading the pineal 
gland can be found in adults. The distinctive papil-
lary appearance of these tumors results from the 
radial arrangement of large, cuboidal or columnar 
epithelioid cells around central, often hyalinized 
blood vessels. Fèvre Montange et al.  (  2012  )  have 
highlighted the  fi ndings that the tumor has unusual 
vessels with multiple lumina and frequently show 
detachment of the border of the tumoral cells from 
the vascular wall. Individual cells have abundant 
pale or eosinophilic cytoplasm. Nuclei are round to 
oval, with stippled chromatin; pleomorphic nuclei 
may be present. Fèvre-Montange et al.  (  2006b  ) , 
Hasselblatt et al.  (  2006  ) , Jouvet et al.  (  2003  ) , and 
Scheithauer  (  1999  )  reported that mitotic index is 
moderate, ranging from 0 to 10 per 10 HPF. 
Kuchelmeister et al.  (  2006  ) , and Shibahara et al. 
 (  2004  )  reported that the Ki67/MIB-1 labelling index 
is also moderate, with highest indices being seen in 
young patients. The prognostic signi fi cance of pro-
liferation indices is not known. Necrotic foci may 
be seen. Microvascular proliferation is usually 
absent. There is a clear demarcation between tumor 
and the adjacent pineal gland. 

 Other tumors of the pineal region that may 
exhibit papillary features include choroid plexus 
tumors (papillomas and carcinomas), papillary 
ependymoma, and metastatic papillary carcino-
mas. Pineal parenchymal tumors, meningiomas, 
and germ cell tumors may rarely display papillary 
features. The histologic appearance of a papillary 
tumor of the pineal region is less papillary than 
choroid plexus papilloma and more epithelial than 
ependymoma, without the  fi brillary background. 

 The recent neuropathology literature clearly 
de fi nes the immunophenotypic pro fi les that distin-
guish papillary tumor of the pineal region from the 
other papillary-type masses of the pineal region, 
including a strong and consistent immunoreactive-
ness for cytokeratins (KL1, AE1/AE3, CAM 5.2, 
CK18), particularly in the papillary structures. 
Hasselblatt et al.  (  2006  ) , Shibahara et al.  (  2004  )  

observed immunoreactivity for vimentin, S100 
 protein, NSE, MAP2, N-CAM, and TTR. 
Kuchelmeister et al.  (  2006  ) , Boco et al.  (  2008  ) , 
Kawahara et al.  (  2007  ) , Louis et al.  (  2007  ) , and 
Yano et al.  (  2009  )  have shown that the neuroendo-
crine markers synaptophysin and chromogranin A 
are sometimes weakly and focally expressed, while 
NFP immunolabelling is never seen. Fèvre Montange 
et al.  (  2012  )  have con fi rmed and extended the results 
of previous ultrastructural studies on the presence of 
intercellular junctions at the apical part of tumoral 
cells. The expression of the tight junction proteins 
claudin-1, claudin-2, and claudin-3 was investigated 
by immunohistochemistry. Claudin-1 and claudin-3, 
but not claudin-2, were expressed in the tumor and 
in the fetal subcommissural organ. Claudin expres-
sion may help in the diagnosis of PTPRs and can be 
used in combination with other markers, such as 
CK18, NCAM, E-cadherin, MAP-2, and Kir 7.1. 

 Unlike classic ependymoma, GFAP may com-
pletely lack or be labelled only focally in papillary 
tumor of the pineal region, such as shown by Jouvet 
et al.  (  2003  ) , and Kuchelmeister et al.  (  2006  ) . 
Similarly, focal membrane or dot-like reactivity for 
EMA, which is typical of ependymoma, is rarely 
seen in papillary tumor of the pineal region. The 
weak and patchy synaptophysin reaction helps to 
rule out a papillary pineocytoma in which this 
marker is strongly positive, such as reported by 
Santarius et al.  (  2008  ) . Hasselblatt et al.  (  2006  )  
found that the majority of papillary tumor of the 
pineal region are characterized by the absence of 
staining for membranous Kir 7.1 or cytoplasmic 
stanniocalcin-1, both of which are frequently seen 
in choroid plexus tumors. Choroid plexus tumors 
have immunohistochemical similarities with papil-
lary tumor of the pineal gland, but Figarella-
Branger et al.  (  1995  )  reported that they do not show 
diffuse N-CAM immunoreactivity. Choroid plexus 
papilloma is generally much less well differenti-
ated than papillary tumor of the pineal region, is 
immunonegative for NSE, and is rarely observed in 
the third ventricle in adults. Fèvre Montange et al. 
 (  2012  )  showed that all three claudins are expressed 
in choroid plexus papillomas. 

 At present, papillary tumor of the pineal 
region has not been associated with syndromic 
conditions, and there is no evidence of genetic 



52 A. Cerase and S. Leonini

susceptibility. The most common chromosomal 
imbalances found were loss of chromosomes 
10 and 22q as well as gain of chromosomes 4, 
8, 9, 12, such as reported by Hasselblatt et al. 
 (  2006  ) . Ang et al.  (  1990  )  reported a high 
expression of genes coding for proteins observed 
in the subcommisural organ, such as ZFH4, 
RFX3, TTR, and CGRP.  

   Treatment and Prognosis 

 Treatment guidelines for papillary tumor of the 
pineal region have not been established due to the 
small number of reported cases. The largest 
described patients’ series is a multicenter retrospec-
tive study which has been reported by Fèvre-
Montange et al.  (  2006a  ) , and included 31 patients. 
The clinical course was evaluated in 29 patients 
over a mean follow-up period of 4.2 years. Gross 
total resection of the tumor was achieved in 21 
patients. In the remaining patients, only incomplete 
resection of the tumor was feasible. Fifteen patients 
received heterogenous radiotherapy regimens after 
complete (n = 9) or incomplete (n = 6) resection of 
the primary tumor. During that time, 21 patients 
experienced tumor progression, including 19 local 
recurrences, one local and spinal, and one spinal 
recurrence, and eight patients died. Tumor progres-
sion occurred in 72% of cases, while the 5-year esti-
mates for overall survival and progression-free 
survival have been evaluated in 73 and 27%, respec-
tively. Their conclusions were that gross total resec-
tion was the only clinical factor that tended to be 
associated with overall survival and recurrence. In 
our experience (Cerase et al.  2009  ) , a patient who 
had been treated with surgical gross total resection 
of the lesion (Figs.  6.1  and  6.2 ), and 45 Gy cranial 
conformational irradiation, showed signs of lep-
tomeningeal disease relapse after 3 years. Most 
notably, aggressive local therapy with maximal sur-
gical resection and adjuvant irradiation has been 
advocated, though the value of irradiation in terms 
of disease progression needs to be further investi-
gated, such as stated by Boco et al.  (  2008  ) , Nakamura 
et al.  (  2009  ) , and Patel et al.  (  2012  ) . El Majdoub 
et al.  (  2012  )  have presented the results of stereotac-
tic (125)iodine brachytherapy performed in four 

patients, Cardenas et al.  (  2010  )  on a patient treated 
by gammaknife. Lorenzetti et al.  (  2011  )  treated a 
patient with adjunctive temozolomide.       
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  Abstract 

 Pineal region tumors are rare intracranial 
tumors which are diverse in nature involving 
various different kinds of tissues. These tumors 
are generally more prevalent in males and 
children. Currently, surgery still plays a cru-
cial role in the treatment of most pineal region 
tumors and the two main microsurgical 
approaches are infratentorial supracerebellar 
and occipital transtentorial. Although man-
agement of pineal region tumors must include 
involvement of a multidisciplinary team, the 
role of the surgeon remains important as suc-
cessful resection of the tumors require a thor-
ough understanding of the relevant anatomy 
and high technical skills in order to reduce 
mortality and ensure favourable outcomes.      

   Introduction 

 The pineal region is a midline area that includes 
the pineal gland, the posterior third ventricle, the 
surrounding cisterns of the quadrigeminal plate 
and velum interpositum and the adjacent solid 
tissues of the brainstem, the thalami, and the over-
lying splenium of the corpus callosum (Ringertz 
et al.  1954  ) . The pineal gland develops during the 
second month of gestation from the most caudal 
portion of the roof of the third ventricle (Langman 
 1975  ) . The principal cell of the gland is the pineal 
parenchymal cell. Pineal gland is richly inner-
vated with sympathetic noradrenergic input 
from a pathway originating from the retina. 
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Upon stimulation the gland produces melatonin, 
which has regulatory effects on certain hormones 
such as follicle stimulating hormone and luteiniz-
ing hormone. Additionally, the gland plays a cen-
tral role in maintaining the human circadian 
rhythm by acting as a neuroendocrine transducer, 
synchronizing hormonal release with phases of 
daily light–dark cycle. 

 Pineal region tumors are derived from cells 
located in and around the pineal gland. Lesions 
occurring in this area may be neoplastic or non-
neoplastic and are diverse in nature, involving 
various types of tissues. Most of the tumors are 
malignant with a propensity to seeding. Combined, 
these lesions represent less than 1% of all adult 
intracranial tumors in the United States but the 
occurrence of pineal masses is higher in Asia with 
an unexplained higher incidence in Japan (Sano 
 1998  ) . Pineal region tumors are ten times more 
common in children than in adults (Abay et al. 
 1981  )  and can be found in 3–8% of all pediatric 
intracranial tumors. Most children are aged 
10–20 years at presentation while adults typically 
present around the age of 30. Jennings et al.  (  1985  )  
showed that males are 2.2 times more likely to get 
pineal region tumors than female. This review will 
discuss the diagnosis, types and optimal neurosur-
gical treatment of pineal region tumors.  

   Diagnosis of Pineal Region Tumors 

   Clinical Presentation 

 The clinical signs and symptoms of tumors in the 
pineal region are associated with normal pineal 
anatomy and speci fi c tumor histology. Sympto-
matic hydrocephalus or occulomotor signs are 
generally the  fi rst clinical manifestations of pineal 
region tumors. Hydrocephalus is triventricular by 
compression of the aqueduct of Sylvius and can be 
acute or chronic. Acute obstructive hydrocephalus 
might be severe enough to result in a downward 
transtentorial herniation. In slow-growing tumors, 
chronic hydrocephalus may develop and cause 
dementia. Hydrocephalus is common at the time 
of diagnosis. Other symptoms and signs include 
headaches, visual problems and gait. Occulomotor 

signs can frequently occur through direct com-
pression of the superior colliculi or the posterior 
commisure (Sawamura and de Tribolet  2002  ) . 
Pineal region masses that compromise the superior 
colliculi may result in Parinaud’s syndrome. This 
syndrome, described by Parinaud  (  1883  )  involves 
vertical gaze palsy (usually paralysis of the upward 
gaze), eyelid retraction and convergence/refrac-
tory nystagmus; it has become pathognomonic for 
lesions involving the quadrigeminal plate. Patients 
can also present with motor impairment such as 
dysmetria and ataxia due to the compression of 
cerebellar efferent  fi bres within the superior cere-
bellar peduncle. Children with pineal region 
tumors can also present with endocrine malfunc-
tion such as diabetes insipidus and precocious 
puberty. Pineal apoplexy can rarely occur as a pre-
senting feature of pineal region tumors (Kobayashi 
et al.  2001  ) . Hemorrhage into a vascular-rich 
pineal tumor can occur preoperatively and is a 
well-described postoperative complication.  

   Neuroimaging 

 The radiological investigation of choice is mag-
netic resonance imaging (MRI) which will reveal 
the tumor and its relations to adjacent anatomical 
structures. Particular attention has to be given to 
T1 with gadolinium sequences, high resolution T2 
sequences for surrounding vessels ( fl ow-void) and 
cranial nerves, phlebo-MRI sequences for assess-
ing the 3D anatomy of the deep venous system and 
its relation with the tumor. A computed tomogra-
phy (CT) scan is also useful to detect intra-tumoral 
calci fi cations or hemorrhage. Even if the different 
pineal tumor types may have a preferential appear-
ance on imaging, no such characteristics are 
speci fi c for one or another tumor type and this 
does not preclude obtaining tissue for histological 
examination. One exception is the benign pineal 
cysts, which have a homogenous cyst content with 
a thin enhancing rim and have no or only mild 
mass effect on surrounding structures. Except for 
pineal region meningiomas, angiography is usually 
not necessary (Sawamura and de Tribolet  2002  ) . 
The role of magnetic resonance angiography 
(MRA) to study the patency of the venous system 
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and the arterial supply still remains inferior to dig-
ital subtraction angiography (DSA). DSA allows 
studying details of the vascular anatomy, which is 
highly complex in the pineal region. It should be 
mentioned that not visualizing on DSA a vein or a 
sinus encased in a tumor does not always mean 
that the structure is occluded and could be safely 
sacri fi ced without intraoperative examination.  

   Tumor Markers 

 Serum and cerebrospinal  fl uid (CSF) markers 
contribute to the diagnosis of pineal tumors and 
assessment of their malignancy. Embryonic pro-
teins such as beta human chorionic gonadotro-
phin ( b hCG) and alfa-fetoprotein (AFP) are 
found in germ cell tumors.  b hCG is mainly posi-
tive in choriocarcinomas, embryonal carcinomas 
and mixed germ cell tumors. The expression of 
 b HCG is usually low in germinomas which are 
often positive for placental alkaline phosphate 
(PLAP) on immunohistochemistry (Sawamura 
 1998  ) . AFP is expressed by yolk sac tumors (high 
levels), embryonic carcinomas, immature terato-
mas and mixed germ cell tumors.  

   Biopsy 

 Histological diagnosis is obtained either by ste-
reotactic or endoscopic transventricular biopsy or 
directly during open surgery. For large pineal 
tumors a stereotactic biopsy is a safe initial pro-
cedure to obtain diagnosis. For tumors extending 
into the posterior part of the third ventricle, endo-
scopic transventricular biopsy allows access to 
tumor tissue as well as third ventriculostomy to 
treat hydrocephalus.   

   Types of Pineal Region Tumors 

   Germ Cell Tumors 

 Pineal germ cell tumors derive from pluripoten-
tial germ cells and affect mainly children and 
adolescents (90% occurs in the  fi rst 25 years of 

life with a peak between 10 and 14 years). It is 
more common in males. An accurate histological 
diagnosis is critical for appropriate treatments 
and prognosis. It can be said that only germinoma 
and teratoma are found as pure tumor types. 

   Germinoma    (WHO-2007 Grade 4) 
 Germinoma is the most common type of pineal 
region masses, accounting for approximately 65% 
of germ cell tumors and 40% of all pineal region 
tumors. About 80% of intracranial germinomas 
are in the pineal area. Male patients are affected up 
to 17 times more often than female patients. The 
peak age of presentation is in the second decade 
and only a few patients are older than 30 years old 
at initial presentation. A large number of young 
children have germinomas associated with preco-
cious puberty (Simson et al.  1968  ) . 

 Germinoma is a malignant tumor with a biphasic 
pattern. It is composed of a mixture of large multi-
potential primitive germ cells with prominently 
nucleolated large nuclei and  fi brovascular septa 
in fi ltrated with T-lymphocytes and plasma cells. 
Because germinomas are unencapsulated, they may 
invade the adjacent structures of the brain, leading 
to the fact that at initial presentation the patient 
would normally already have disseminated disease. 
Measurement of serum and CSF tumor markers 
plays a vital role in the initial investigation of 
patients with germ cell tumors; the expressions of 
AFP and  b hCG are suggestive of malignant germ 
cells (Allen et al.  1979  ) . In CT scans obtained with-
out contrast, germinomas appear as homogenous 
masses that either have attenuation equal or slightly 
higher to that of the gray matter. Similarly, on MRI 
scans, the signal intensity of germinomas tends to 
be equal to that of the gray matter on images 
obtained with both short and long pulse sequences. 
Therefore, the  fi ndings of a non-calci fi ed, homoge-
nous pineal region mass with such signal intensity 
are strongly suggestive of a germinoma. Although 
germinomas appear highly enhanced on both CT 
and MRI scans with contrast material, the enhance-
ment is non-speci fi c and gadolinium-enhanced MRI 
is recommended to help distinguish metastases 
from CSF seeding. Germinoma is not a surgical 
lesion and it is a highly radiosensitive tumor with 
85% 10-year survival rate.  
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   Teratoma (Mature: WHO-2007 Grade 1–2; 
Immature: WHO-2007 Grade 3–4) 
 Pineal teratoma is the second most common pineal 
region tumor, contributing to almost 15% of all 
pineal region masses. Teratomas have a male pre-
dilection that ranges from 2:1 to 8:1. They are 
well-circumscribed benign tumors of multipoten-
tial cells that undergo normal organogenesis 
thereby producing tissues consisting of a mixture 
of two or more of the embryologic layers of ecto-
derm, mesoderm and endoderm. Hosoi  (  1930  )   fi rst 
used the term “teratoid” to describe less structured 
tumors in which derivatives of all three germinal 
layers could not be distinguished easily. These 
tumors may contain bone, cartilage and hair. Pineal 
region teratomas are usually partially or totally 
encapsulated; however they may also be unencap-
sulated and locally invasive (Jennings et al.  1985  ) . 

 Although teratomas do not secrete AFP, the 
less-differentiated immature teratomas can pro-
duce detectable amounts. Immature teratomas 
contain incompletely differentiated components, 
resembling fetal tissues and can have primitive 
neuroectodermal elements like rosettes, arrays 
and melanotic neuroepithelium. In imaging stud-
ies, teratomas tend to be heterogenous, multilocu-
lar, ring or ring-enhanced lesions. They may have 
areas of mixed CSF, lipid and soft-tissue charac-
teristics, as well as calci fi cation. On TI-weighted 
MRI scans, teratomas may show evidence of fatty 
or lipid components as areas of signal hyperinten-
sity (Zee et al.  1991  ) . Teratomas may also demon-
strate contrast enhancement on both CT and MRI 
scans. Pineal region teratoma may rupture sponta-
neously or at surgery, spilling their varied contents 
and causing chemical meningitis. The third type 
of teratoma is designated as teratoma with malig-
nant transformation (WHO-2007 4 grade). It usu-
ally contains a cancer, mainly rhabdomyosarcoma 
or undifferentiated sarcoma and less commonly 
enteric-type adenocarcinoma.  

   Choriocarcinoma (WHO-2007 Grade 4) 
 Choriocarcinomas make up less than 5% of all 
pineal masses and also have a male predilection. 
They arise from the differentiation of the pluripo-
tential germ cells into the extraembryonic placenta-
like tissues. This tumor contains cytotrophoblast 

(large, mononucleate cells with vesicular nuclei 
and eosinophilic cytoplasm) and syncytiotropho-
blast (giant,  b  H CG-positive cells with multiple 
densely hyperchromatic nuclei arranged in knot-
like clusters). Typical  fi ndings for these tumors are 
ectatic vascular channels in stroma and extensive 
hemorrhage necrosis. Choriocarcinomas secrete 
large amounts of  b hCG and are associated with 
elevated levels of both CSF and plasma  b hCG. 
Their appearance at CT scans is non-speci fi c and 
like germinomas they are often represented by 
areas of high attenuation and show prominent con-
trast enhancement. Other types of germ cell tumors 
are yolk sac (endodermal sinus) tumors and embry-
onal carcinomas. Both tumors are very malignant 
(WHO-2007 grade 4). Yolk sac tumor contains epi-
thelial cells which form Schiller-Duval bodies 
(papillary perivascular cuboidal epithelium). 
Embyonal carcinoma contains large cells lining 
spaces replicating structure of the early embryo 
(embryoid bodies).   

   Pineal Parenchymal Tumors 

 Pineal parenchymal tumors are the second 
major group of pineal region tumors, account-
ing for up to 30% of all tumors in this location. 
These tumors can occur at any age and should 
be considered as a true neoplasm of pineal glan-
dular tissue. 

   Pineocytoma (WHO-2007 Grade 1) 
 Pineocytoma is a slow-growing tumor usually 
composed of well-differentiated mature cells that 
are almost indistinguishable from the normal 
pineal parenchyma (Preslock  1984  ) . The tumor 
cells are small and uniform, often forming large 
pineocytomatous rosettes. It is very rare that large 
ganglion cells accompanied by small cells with 
nuclear pleomorphism and hyperchromasia occur. 
Usually the only feature distinguishing a tumor 
from a normal tissue is the presence of a mass or 
an obviously enlarged pineal gland. Pineocytomas 
constitute approximately 45% of pineal parenchy-
mal tumors. There is no sex predilection but pine-
ocytomas have a tendency to affect young adults. 
Although pineocytoma is an unencapsulated 
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tumor, it remains locally con fi ned and is unlikely 
to spread via the CSF system though it may extend 
into the third ventricle. Because it is a benign 
tumor, hemorrhage and necrosis are uncommon. 
Microscopically, pineocytoma is a moderately 
cellular tumor with large pseudorosettes and 
abundant cytoplasmic processes. The pseudoro-
settes (pineocytomatous rosettes), vary in size and 
shape. Pineal parenchymal cell tumor markers are 
less well-characterized than their germ cell coun-
terparts. They include melatonin and the S antigen 
though neither of these proteins has been proven 
valuable in the diagnosis of pineal parenchymal 
tumors. On CT scans, pineocytomas are usually 
globular, demarcated masses measuring less 
than 3 cm in diameter. They appear hypodense 
and homogenous, but some show peripheral 
calci fi cation or occasional cystic changes. Most 
tumors exhibit homogenous contrast enhance-
ment. On MRI scans, the tumors tend to be low or 
isodense on T1- and hyperintense on T2-weighted 
images with strong, homogenous contrast 
enhancement. It is typical that 5-year survival rate 
of pineocytoma is very high (86–100%) and there 
is no relapses following total surgical resection. 
Tumor with divergent differentiation shares a sim-
ilar prognosis.  

   Pineoblastoma (WHO-2007 Grade 4) 
 Pineoblastoma is a fast-growing, highly malig-
nant primitive embryonic tumor of the pineal 
gland and composed of dense, patternless sheets 
of small cells with round to somewhat irregular 
nuclei and scant cytoplasm. It represents a typi-
cal primitive neuroectodermal tumor (PNET). 
Pineoblastomas comprise approximately 40% of 
all pineal parenchymal tumors. They originate 
from immature neoplastic cells of the paren-
chyma and while they may occur at any age, 
most present in the  fi rst two decades of life 
with a certain predilection for children. There is 
no gender preference. Median post-surgical 
 survivals vary from 24 to 30 months (Abay 
et al.  1981  ) ; 5-year survival rate is more that 
50%. Histologically, pineoblastoma is highly 
cellular, made up of small cells arranged either 
in sheets or rosettes. Homer-Wright and Flexner-
Wintersteiner rosettes and  fl eurettes may occur. 

There are numerous mitoses and intratumoral 
necrosis. The cells tend to seed within the suba-
rachnoid space and metastasize outside the cere-
brum. In contrast to pineocytoma, the CT 
appearance of pineoblastoma is that of a large, 
lobulated or poorly-demarcated homogenous 
mass which is hyperdense after contrast enhance-
ment. On TI-weighted MRI scans, pineoblasto-
mas are hypo- or isodense though they show 
heterogenous contrast enhancement. Calci fi cation 
is infrequent. Pineal parenchymal tumors may be 
inseparable at imaging but may be distinguished 
from the germ cell tumors because they displace 
preexisting pineal calci fi cations, producing an 
exploded appearance. With the exception of pin-
eocytomas, all other pineal parenchymal tumors 
are potentially aggressive. Extent of disease at 
the time of diagnosis, as determined by CSF 
examination and MRI of the spine, directly 
affects the survival of patients with pineoblas-
toma. Not surprisingly, metastases of the pineal 
tumor within the CNS and vertebral column are 
the most common cause of death.  

   Pineal Parenchymal Tumor of 
Intermediate Differentiation; PPTID 
(WHO-2007 Grade 2–3) 
 This tumor type is a pineal parenchymal tumor 
of intermediate-grade malignancy, affecting all 
ages and composed of diffuse sheets of large 
lobules of uniform cells with mild to moderate 
nuclear atypia and low to moderate level mitotic 
activity. This tumor group accounts for at least 
20% of all pineal parenchymal tumors. The 
gross appearance of PPTID shows intermediate 
degrees of development in the club-shaped 
expansions, dendritic processes, clear vesicles 
and dense core vesicles between pineocytomas 
and pineoblastomas (Jouvet et al.  2000  ) . This 
tumor is diffuse neurocytoma-like tumor with 
tendency to form nucleus-free perivascular zones. 
The clinical behavior of this type of tumor is 
variable and 5-year survival rate is 39–74%. 
Since Schild et al.  (  1993  )   fi rst introduced the 
term “PPTID”, other subtypes such as mixed 
pineocytoma/pineoblastoma, malignant pineo-
cytomas and pineoblastomas with lobules have 
been included in the category.   
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   Others 

 Other tumors found in the pineal region include 
metastases, gliomas ( fi brillary astrocytoma,  pilocytic 
astrocytoma, glioblastoma, oligodendroglioma, 
ependymoma and choroid plexus papilloma), mela-
nomas, neurocytomas, hemangioblastomas, cavern-
ous hemangiomas, gangliogliomas, symptomatic 
pineal cysts and meningomas. 

   Meningioma 
 Meningiomas in the vicinity of the pineal gland 
irrespective of their insertion on the falco-tentorial 
dura can be considered as meningiomas of the 
pineal region. According to origin, there are two 
main groups of pineal region meningiomas. The 
 fi rst group has the origin at the velum interpositum 
without dural attachment and occupies the pineal 
region and the posterior third ventricle (Konovalov 
et al.  1996  ) . The second group arises from the 
falco-tentorial junction and has a dural attachment. 
These meningiomas also extend into the pineal 
region and the posterior third ventricle. Pineal 
region meningiomas are very rare and account for 
about 0.5–1% of all intracranial meningiomas 
(Raco et al.  2004 ; Okami et al.  2001  ) . The  fi rst 
reports on falco-tentorial junction meningiomas 
were published by Balado  (  1927  ) . A more detailed 
description of the falco-tentorial junction menin-
giomas was presented by Cushing and Eisenhardt 
in 1938; they described these tumors as a subtype 
of posterior falx meningiomas. 

 Pineal region meningiomas can be classi fi ed 
as follows: (a) meningiomas lying freely in the 
pineal space without dural attachment, (b) men-
ingiomas attached to the tentorium and/or the 
falx without functional compromise of the venous 
system and (c) meningiomas with attachment and 
occlusion of the galenic system (Konovalov et al. 
 1996  ) . Pineal meningiomas can be further divided 
according to their insertion and projection on 
sagittal MRI as anterior/posterior and superior/
inferior, and on axial MRI as midline symmetri-
cal and midline asymmetrical (Asari et al.  1994, 
  1995  ) . Yasargil  (  1994  )  has given a very valuable 
contribution in microsurgical treatment and 
classi fi cation of tentorial meningiomas including 
pineal region meningiomas.    

   Neurosurgical Treatment 

   Microsurgical Anatomy 

 Pineal region tumors lie deep in the center of the 
cranium and are surrounded by critical nervous 
and vascular structures. Therefore, a precise 
knowledge of the pineal region anatomy is of 
paramount importance (Matsuno et al.  1988 ; Ono 
et al.  1984  ) . The pineal gland is located on the 
midline and forms an appendix of the caudal end 
of the diencephalon embracing the pineal recess 
of the third ventricle. The pineal stem is continu-
ous with the habenular commissure dorsally and 
the posterior commissure ventrally. The pineal 
body projects posteriorly in the quadrigeminal 
cistern where it is  fl anked by the splenium supe-
riorly and lies on the tectal quadrigeminal plate 
between the left and right superior colliculi. The 
pineal gland is mainly vascularized by the medial 
and lateral posterior choroidal arteries. The tumor 
of this region is also vascularized by branches of 
the same arteries. The medial posterior choroidal 
arteries are branches of the posterior cerebral 
artery and in addition to the pineal body they sup-
ply the superior and inferior colliculi, and the 
choroidal plexus of the third ventricle. These 
arteries are displaced laterally by pineal tumors 
in the cistern and rostrally in the posterior part of 
the third ventricle together with internal cerebral 
veins. The lateral posterior choroidal artery sup-
plies the pulvinar and is generally displaced lat-
erally by pineal tumors. During surgical 
approaches to the pineal gland, the major anatom-
ical obstacle is the Galenic venous system. The 
great vein of Galen originates a few millimeters 
behind the pineal gland and runs posterosuperi-
orly to drain into the straight sinus. There are sev-
eral surgically signi fi cant vessels draining into 
the great vein. The midline-located superior 
vermian vein and the precentral cerebral vein run 
into the dorsal part of the great vein. The internal 
cerebral veins and the pineal veins join ventrally. 
Pineal tumors always rostrally elevate the poste-
rior portion of the internal cerebral veins and the 
veins are occasionally separated from each other. 
On the lateral aspect of the great vein the medial 
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occipital veins, the third segment of the basal 
veins of Rosenthal and the posterior mesenceph-
alic veins join. The pineal veins are the draining 
veins of pineal tumors and drain into either the 
internal cerebral veins or the vein of Galen. It 
means that pineal tumors are adherent to the 
internal cerebral vein and/or the vein of Galen. 
An injury to the basal veins or the internal cere-
bral veins is associated with major complications. 
Also, a transection of a major medial occipital 
vein may cause homonymous hemianopsia or 
visual seizures.  

   Indications for Surgery and 
Microsurgical Approaches 

 For benign pineal tumors total surgical resection is 
a primary goal as surgery alone can be curative 
(Bruce and Stein  1995  ) . For malignant tumors sur-
gery is only a part of the treatment which consists 
of adjuvant therapies and therefore radical surgical 
resection is not an objective (Sawamura and de 
Tribolet  2002  ) . In all cases focus should be given 
to reduce post-treatment morbidity. If a newly 
diagnosed pineal mass is accessible by stereotactic 
or endoscopic biopsy and the cranial MRI is com-
patible with a germinoma, a biopsy should  fi rst be 
done in order to avoid an unnecessary craniotomy. 
If the radiological examination is compatible with 
an asymptomatic benign pineal cyst and the serum 
and CSF markers are negative, the patient can be 
followed up without treatment. The treatment of 
other pineal tumors requires surgery but the choice 
of total or subtotal resection will depend on the 
diagnosis of the presurgical biopsy or the intraop-
erative frozen section. Benign tumors such as 
mature teratomas, pineocytomas or meningiomas 
require total surgical resection when feasible with-
out compromising surrounding neurovascular 
structures. More aggressive tumors, such as malig-
nant teratomas, pinealoblastomas, embryonal car-
cinomas, choroicarcinomas and yolk sac tumors 
require a combination of surgery, radiation therapy 
and chemotherapy. In any case, the prime goal of 
surgery should be avoiding surgical morbidity 
even at the cost of a less radical surgical resection. 
The choice of approach is a matter of evaluating 

the anatomical relation of the tumor with the sur-
rounding structures. A steep angle of the straight 
sinus makes the infratentorial supracerebellar 
approach (Krause  1926 ; Stein  1971  )  dif fi cult as an 
extensive retraction of the cerebellum is required 
to visualize and reach the pineal area. Moreover, 
the lateral exposure of the surgical  fi eld is restricted 
and this renders the resection of larger tumors 
more complicated. 

 Evaluating the relationship of the tumor with 
the quadrigeminal plate is also important. For 
smaller midline tumors located in the posterior part 
of the third ventricle and displacing the quadrigem-
inal plate and the tegmentum of the midbrain cau-
dally, the infratentorial supracerebellar approach is 
favored as it allows simple, direct and symmetrical 
exposure of the walls of the third ventricle and 
internal cerebral veins on both sides. In cases where 
the tumor lies more caudally and extends into the 
upper portion of the aqueduct of Sylvius, lying 
therefore cranially at the tectum, the infratentorial 
approach is inappropriate as the quadrigeminal 
plate obstructs the surgical exposure. Finally, the 
occipital transtentorial approach (Poppen  1966 ; 
Jamieson  1971  )  is preferred in huge tumors with 
lateral extension in the pulvinar thalami as it gives 
a better lateral exposure of the walls of the third 
ventricle (Sawamura and de Tribolet  2002  ) . Giant 
tumors of the pineal region can be removed by the 
combined occipital, transtentorial, and supracerel-
lar transsinus approach described by Sekhar and 
Tzortzidis  (  1999  )  (Figs.  7.1  and  7.2 ).    

   Neurosurgical Operative Modalities 

   Stereotaxy 
 Stereotactic procedures are basically diagnostic 
tools for some pineal tumors such as germinomas 
or those that are not amenable to resection. 
Stereotactic biopsy is nowadays easy to use and 
more advanced with minimal imminent risk of 
procedure. The vessels of pineal region are fre-
quently displaced from their normal position by 
the tumor so the complication rate in this kind of 
biopsy is quite low (1% mortality, 7% morbid-
ity). The diagnostic value of stereotaxy is very 
high and is more than 90%.  
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  Fig. 7.1    Preoperative CT, 
large pineal region 
meningioma       

  Fig. 7.2    Postoperative CT 
after radical meningioma 
resection through the 
combined Sekhar’s 
approach       

   Endoscopy 
 Hydrocephalus may be controlled with either 
tumor resection or a CSF diversion procedure. 
Classical treatment of acute hydrocephalus 

caused by pineal mass lesion was CSF diver-
sion by ventriculoperitoneal (VP) shunt or 
external ventricular drainage. Also, surgical 
resection with the main goal of opening the 
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aqueduct of Sylvius was one of the procedures 
for tumoral acute hydrocephalus. At present, 
the treatment of choice for hydrocephalus is the 
endoscopic third ventriculostomy. This proce-
dure eliminates the necessity of a VP shunt and 
the risk of peritoneal dissemination of malig-
nant tumor cells. Neuroendoscopy allows an 
inspection of posterior third ventricle and tumor 
biopsy at the same procedure with ventriculos-
tomy. Potential risks of endoscopic ventriculos-
tomy include hemorrhage from the basilar 
artery and posterior thalamoperforators and the 
tuber cinereum damage with consequent devel-
opment of diabetes insipidus.  

   Microsurgery 
 Microsurgery is recommended in most adult 
cases and in selected pediatric cases. The  fi ve 
most common surgical approaches to the pineal 
gland have been described in the twentieth century. 
Dandy  (  1921  )  was the very  fi rst neurosurgeon 
who approached pineal region tumors. He used a 
parietal parasagittal transcallosal (posterior tran-
scallosal) approach with interhemispheric  fi ssure 
as an entry point. Following the retraction of 
parietal lobe and splitting of the splenium, the 
internal cerebral veins and vein of Galen can be 
seen. Ten years later, Van Wagenen  (  1931  )  
describes the transventricular approach. This 
approach was limited to tumors in the non-
dominant hemisphere and patients with eccentric 
tumor with ventriculomegalia because the entry 
point was in the cortex of posterior part of supe-
rior temporal gyrus and the surgical angle was 
more lateral compared with other approaches. 
These two approaches resulted in high morbidity 
and mortality rates. Microsurgical technique 
gives some credit to these approaches but they 
are mainly abandoned nowadays. 

 Krause  (  1926  )  described and successfully 
used the infratentorial supracerebellar approach. 
During the 1970s, Stein  (  1971  )  developed and 
popularized this approach by using microsurgical 
techniques. The occipital transtentorial approach 
was pioneered by Foerster in 1928 and described 
by Poppen  (  1966  ) . This method required extensive 
lifting of the occipital lobe after CSF drainage via 
a ventricular catheter. It was modi fi ed by Jamieson 

 (  1971  )  who preferred to mobilize the occipital 
lobe laterally rather than proceeding below it. 
Shekar described the combined occipital, tran-
stentorial, supracerebellar, transsinus approach 
which combined the advantages of the supracer-
ebellar infratentorial and occipital transtentorial 
approaches (Sekhar and Tzortzidis  1999  ) . The 
occipital transtentorial approach, the infratento-
rial supracerebellar approach and combined 
Shekar’s approach are nowadays accepted as the 
main standard accesses to the pineal region. 
Regardless of any chosen approach, an en-bloc 
tumor removal is rarely possible and as such 
piece-meal intracapsular decompression is an 
important step in preparing good cleavage planes 
especially the nearby quadrigeminal plate. 

   Occipital Transtentorial Approach 
 The occipital transtentorial approach can be per-
formed with the patient placed in a prone, park-
bench or sitting position. Currently, the 
park-bench position is preferred by majority of 
neurosurgeons. In this position the head is  fl exed 
and rotated, allowing the occipital lobe to fall 
aside with the help of gravity and the whole pro-
cedure can be done without placing any retractors 
on the brain. Approaching from the right side is 
more common although tumor extension and the 
torcular characteristic should always be taken 
into consideration before any decision is made. 
The typical skin incision is in an inverted U-shape 
manner starting 1 cm on the left of the occipital 
protuberance, extending upwards, turning right 
and  fi nally downwards to reach the right mastoid. 
Two midline burr holes are performed, one over 
the torcular and another 6 cm apart and upward. 
A standard occipital craniotomy exposing 2 cm 
of the transverse sinus, the torcular and 6 cm of 
the superior sagittal sinus is completed. The 
inverted C-shape dural opening is made with the 
base on the superior sagittal sinus. After expos-
ing the occipital lobe, the ipsilateral occipital 
horn is taped to release CSF and gain the space. 
The falx, tentorium and tumor can be visualized. 
The entry point is the unilateral interhemispheric 
space between the falx and the medial part of 
occipital lobe. The large occipital bridging veins 
are usually not present, but if veins are encountered, 
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they should be preserved. The tentorium is incised 
from posterior to anterior and begins 2 cm ante-
rior to the torcular and just lateral to the straight 
sinus and proceeds parallel to the sinus until the 
falco-tentorial junction is reached. 

 In some pineal region meningiomas, the 
straight sinus and the falco-tentorial junction are 
encased by the tumor. The tentorial incision is 
then made laterally to the tumor and proceeds 
again posteroanteriorly to the free tentorial edge 
interrupting the vascular supply on the way. The 
venous channels of the tentorium sometimes 
cause signi fi cant bleeding which can be con-
trolled by bipolar coagulation. The surgeon can 
see the superior cerebellar artery and the cranial 
nerve IV running around the brainstem after 
re fl ecting the incised tentorium laterally. If the 
vein of Galen and the internal cerebral veins are 
extensively invaded by tumor, the residual tumor 
tissue around these veins can be left in place and 
treated by radiosurgery. 

 For extrinsic tumors freely lying in the pineal 
region, the technique is essentially the same as for 
pineal gland intrinsic neoplasms. After the tento-
rium has been divided, the dura re fl ected, one stay 
suture can be placed on the dura to increase visi-
bility. When the thick arachnoid cistern of the 
great vein of Galen becomes visible, a gentle 
retraction of the occipital lobe is made, avoiding 
an over-compression of the calcarine sulcus and 
an avulsion of veins, which could cause hemiano-
psia. The splenium of corpus callosum comes into 
sight. An extensive dissection of the arachnoidea 
helps to expose the ipsilateral medial occipital 
vein, the pericallosal veins, the precentral cerebel-
lar vein and the tributary veins. The superior 
vermian vein and the precentral vein can be coag-
ulated and sectioned. The dissection proceeds 
towards the right ambient cistern to identify the 
P3 segment of posterior cerebral artery, the cra-
nial nerve IV emerging below the inferior collicu-
lus, and the third segment of the basal vein. 

 The quadrigeminal plate is a crucial nervous 
structure, which must be intraoperatively located 
before deep microsurgical manipulation for 
tumor resection is started. This plate is situated 
inferiorly in the operative  fi led. If the tumor is 
posterior, the quadrigeminal plate will be covered 

by it, whereas if it is more anterior, the quadri-
geminal plate will be pushed backwards and 
downwards making it identi fi able just after open-
ing of the cistern. The dissection can proceed on 
both sides laterally to separate the tumor from the 
pulvinar thalami. During this dissection one 
should be aware of Rosenthal’s veins, which 
delineate the superior and lateral margins of 
operative view. Final dissection involves entering 
of the third ventricle and removing the superior 
part of the tumor adherent to the velum interposi-
tum, the internal cerebral veins, and the anterior 
aspect of the vein of Galen. The main entry to the 
roof of the third ventricle is between the vein of 
Galen and the splenium. It can be done easily 
after cutting the posterior pericallosal veins which 
allows the splenium to be detached from the great 
vein. The bilateral internal cerebral veins will 
appear in the velum interpositum cistern. A dis-
section of the cistern will expose the anterior 
choroïdal artery in the third ventricle as well as 
the ventral part of tumor. 

 Another entry is below the vein of Galen and 
the internal cerebral vein. It is better to leave 
residual tumor behind rather than to damage the 
internal cerebral veins. If bleeding occurs, hemo-
stasis should be achieved by packing surgicel 
without coagulation. After complete removal of 
the tumor, the surgeon will have a good view into 
the third ventricle, which can be extended to the 
foramina of Monroe and the lamina terminalis. 
Finally, care should be taken to “unplug” the 
aqueduct of Sylvius. When this is properly 
achieved, no postoperative drainage of CSF will 
be necessary.  

   Infratentorial Supracerebellar 
 The infratentorial supracerebellar approach is a 
gold standard in treating pineal gland tumors. 
Also, this approach is very useful for the resec-
tion of pineal region meningioma without dural 
attachment and which originates from the velum. 
The patient is always placed in a sitting position 
in which the cerebellum can fall inferiorly 
(Figs.  7.3  and  7.4 ). The preventative measures 
against air embolism including a central venous 
line, oesophageal Doppler and end-tidal CO 

2
  

monitoring are mandatory. A vertical midline skin 
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incision extends from 2 cm above the external 
occipital protuberance down to the level of the 
C2 spinal process, or lower when a patient has a 
thick neck. A high-speed drill (instead of a cran-
iotome) is used to make two burr holes just beside 
the torcular on each side of the midline and to 

crosscut the sinuses. The craniotomy should not 
involve the foramen magnum. After craniotomy, 
any venous leaks must be sealed due to avoid air 
embolism. The dura is incised in a dull “U” 
shaped fashion, and the dural  fl ap is suspended 
upwards. The posterior bridging veins between 

  Fig. 7.3    The sitting position       

  Fig. 7.4    Infratentorial supracerebellar approach       
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the cerebellum and the tentorium are coagulated 
and transected. One retractor is then placed to 
pull up the tentorium. This creates a trajectory 
that leads along the straight sinus to the great vein 
of Galen. Pursuing the dissection of the arach-
noid plane on both sides, a downward traction of 
the upper part of cerebellum exposes the deeply 
situated pineal area. A further retraction of the 
vermis can be executed after sectioning of the 
superior vermian and precentral veins.   

 This approach offers a view through the mid-
line that can provide an easy orientation and a 
symmetrical exposure of both walls and the roof 
of the third ventricle. Under direct observation, 
tight tumor adhesion can be freed from the inter-
nal cerebral veins or the great veins. The opening 
of the third ventricle can be closed by  fi brin seal-
ant to prevent an excessive CSF leakage. A water-
tight dural closure should be done with a running 
suture only after compression of the jugular veins 
(by anesthesiologist) and sealing of all venous 
leaks are completed.  

   The Combined Occipital, Transtentorial, 
Supracerebellar, Transsinus Approach 
 Shekar has described a combined supratentorial-
infratentorial approach for large pineal region 
tumor especially for giant falco-tentorial menin-
giomas. This approach provides a wide view of 
the pineal region and all venous complexes. The 
patient is placed in a semiprone position and a 
suboccipital-occipital craniotomy is performed in 
three pieces. The infratentorial and supratentorial 
dura, the superior sagittal and transverse sinuses 
as well as the torcular are exposed. The cisterna 
magna is opened to relax the cerebellum and gain 
the operative space. A needle (20-gauge) attached 
to a manometer is placed into the transverse sinus 
just lateral to the torcular. The sinus is occluded 
for 5 min lateral to the needle. If no brain swelling 
is observed and venous pressure does not rise 
more than 5 mmHg, the transverse sinus can be 
divided on the non-dominant side. The tentorium 
is divided parasagittally toward the tentorial notch. 
The occipital lobe and the cerebellum as well as 
the tentorium and the falx cerebri can then be eas-
ily retracted to reach the pineal region tumor. The 
transverse sinus can sometimes be resutured or 

even reconstructed by a short vein graft. However, 
in majority of cases it is safe to leave the sinus 
permanently occluded. 

 The advantages of this approach are the wide 
exposure of the tumor and the deep veins that can 
restrict the exposure through the occipital tran-
stentorial approach, the decreased retraction of 
the occipital lobe and the cerebellum, and  fi nally 
the better control of the posterior third ventricle 
and the medullary velum. However, there are 
some concerns about dividing the transverse 
sinus in a situation where the venous return can 
easily decompensate. 

 In conclusion, contemporary management of 
pineal region tumors requires a multidisciplinary 
cooperation where surgery represents only one 
aspect of the treatment plan. However, with the 
exception of germinoma where only a biopsy is 
needed, the role of the surgeons still remains 
prominent as resection of pineal tumors requires 
high technical skill and experience as well as pre-
cise clinical judgment. The infratentorial suprac-
erebellar approach and the occipital transtentorial 
approach when used appropriately allow access 
to nearly every type of pineal region neoplasm.         
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  Abstract 

 Pituitary tumors are the most common 
intracranial tumors. Most pituitary tumors are 
thought to be sporadic, with estimates showing 
that genetic heritability in the form of tradi-
tional syndromes, including multiple endo-
crine neoplasia type 1 (MEN1) and Carney 
complex (CNC), accounts for only 5% of all 
cases. The monoclonality of pituitary tumors is 
a widely established model in which a genetic 
mutation in one cell leads to the formation of 
an adenoma. On a larger scale, however, the 
pituitary gland may contain multiple hyper-
plastic cells, each with its own origin. The pre-
dominant cell type within the adenoma is 
dependent on a variety of oncogenes and tumor 
suppressor genes including  GSP ,  RAS , Cyclin 
D1,  PTTG,  and  p53.  Multiple other studies 
show germline mutations in a variety of addi-
tional genes, including  AIP, BMP-4, CDKN1B, 
CDKN2A,   CDKN2C, GADD45G, PDt-FGFR4, 
PKC,   PRKAR1A, RB, WIF1,  and  ZAC . More 
recently, studies of genetic mutations leading 
to pituitary adenomas and population studies 
of patients and families with pituitary adenomas 
have revealed a signi fi cant heritable predispo-
sition for pituitary tumors outside of traditional 
syndromes. These studies, while con fi rming 
the heritability of pituitary tumors, unfortu-
nately only provide a glimpse into the multi-
factorial cause of pituitary adenomas.      

      Pituitary Tumors: Genetics 
and Heritable Predisposition       
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   Introduction: Background 
and Epidemiology 

 The most common pathological condition of the 
pituitary gland is intrinsic tumor growth. The most 
common tumors, benign adenomas of the pitu-
itary, are a diverse group of tumors that have 
historically been classi fi ed according to size as 
micro- (less than 1 cm) or macroadenomas (greater 
than or equal to 1 cm). They are also classi fi ed as 
either functional or nonfunctional, depending on 
their hormonal activity in vivo. 

 Pituitary tumors are the most common intrac-
ranial tumors, estimated to be present in 16.7% of 
the population (Ezzat et al.  2004  ) . They comprise 
up to 10–15% of intracranial tumors found at sur-
gery, 6–25% of intracranial tumors observed at 
autopsy, and 20% of all primary brain and cen-
tral nervous systems tumors. They are the second 
most common type overall by histology in 
patients between the ages of 20 and 35 years, 
according to the Central Brain Tumor Registry of 
the United States (  www.cbtrus.org    ). The majority 
of these tumors are thought to be sporadic, with 
estimates showing that genetic heritability in the 
form of traditional syndromes, including multiple 
endocrine neoplasia type 1 (MEN1) and Carney 
complex (CNC), accounts for only 5% of all 
cases (Tichomirowa et al.  2009  ) . More recently, 
studies of genetic mutations leading to pituitary 
adenomas and population studies of patients and 
families with pituitary adenomas have revealed a 
signi fi cant heritable predisposition for pituitary 
tumors outside of traditional syndromes. These 
heritable tumors have been characterized as 
familial isolated pituitary adenomas (FIPAs) 
(Beckers and Daly  2007  ) .  

   Pituitary Tumors 

   Nonfunctioning Adenomas 

 Nonfunctioning adenomas account for approxi-
mately 30% of pituitary tumors. The term non-
functioning re fl ects the fact that these adenomas 
do not cause clinical hormone hypersecretion. 

These adenomas are generally heterogeneous and 
large and come to medical attention because of 
their compression effects on the chiasm and on 
the functioning pituitary, which can lead to 
hypopituitarism. Despite the lack of clinical hor-
mone secretion, immunocytochemical staining 
reveals evidence of hormone expression in 80% 
of cases (Rengachary and Ellenbogen  2005  ) . 
These are endocrinologically inactive peptides, 
with the dominant product being the  a -subunits, 
which have no known systemic effects. 

 The enlargement of nonfunctioning adenomas 
into the suprasellar region results in optic chiasmal 
compression and visual  fi eld de fi cits. Additionally, 
the growing tumor causes progressive loss of 
native pituitary function over months to years. 
Gonadotropin function is generally lost  fi rst, fol-
lowed by loss of growth hormone (GH) function, 
thyroid function, and,  fi nally, adrenocorticotropic 
hormone (ACTH) function. Loss of vasopressin 
function is almost never a presenting or eventual 
symptom. Although progressive visual loss and 
clinical manifestations of hypopituitarism are 
generally the presenting symptoms, some patients 
present secondary to hemorrhage or infarction 
(apoplexy). With large hemorrhages into the gland, 
patients may present with sudden headache, a 
decreased level of consciousness, visual loss, and 
acute hormonal insuf fi ciency.  

   Functioning Adenomas 

 Functioning pituitary adenomas are benign mono-
clonal tumors that arise from the cells comprising 
the anterior pituitary gland, which is responsible 
for secretion and regulation of peptide hormones 
and stimulating factors. Under physiologic condi-
tions, the anterior pituitary gland depends on the 
hypothalamus, the portal circulation, and the pitu-
itary stalk for normal hormone secretion. The 
anterior pituitary hormones ACTH, GH, prolac-
tin, thyroid-stimulating hormone (TSH), luteinizing 
hormone (LH), and follicle-stimulating hormone 
(FSH) are controlled by the hypothalamic hor-
mones corticotropin-releasing hormone (CRH), 
growth-hormone-releasing factor (GRF), dop-
amine, thyrotopin-releasing hormone (TRH), and 

http://www.cbtrus.org
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 gonadotropin-releasing hormone (GnRH), respec-
tively. This regulation is accomplished via the 
portal vascular system linking the hypothalamus 
and the pituitary gland. 

   Prolactin-Secreting Adenomas 
 Prolactin-secreting adenomas are the most com-
mon form of pituitary tumor, representing 40% of 
all pituitary adenomas. The normal regulation of 
prolactin is achieved by secretion of dopamine by 
the hypothalamus, which inhibits the anterior 
pituitary from producing prolactin. Aberrant 
growth of prolactin-secreting cells results in 
hyperprolactinemia and leads to amenorrhea, 
galactorrhea, and osteoporosis in women and 
diminished sexual drive and impotence in men.  

   GH-Secreting Adenomas 
 Acromegaly results from the hypersecretion of 
GH by the pituitary. Growth hormone is normally 
released in response to GRF from the hypothala-
mus, leading to increased levels and activity of 
insulin-like growth factor-1 (IGF-1), which, in 
turn, negatively feeds back to limit the produc-
tion of GH. In addition, GH secretion is tightly 
regulated by somatostatin. The effects of uncon-
trolled hypersecretion of GH are gradual and 
result in gigantism in a child whose epiphyseal 
plates have not yet closed or in classic acromegalic 
features in an adult. There is typically an insidi-
ous coarsening of the facial features and an 
increase in the soft tissues. A signi fi cant number 
of patients present because of the local compres-
sive effects of an expending pituitary mass, rather 
than somatic disturbances.  

   Glycoprotein-Secreting (TSH, FSH, LH) 
Adenomas 
 Glycoprotein-secreting tumors were traditionally 
thought to represent less than 1% of all pituitary 
tumors, but improved immunohistochemical 
techniques have shown that many “nonfunctioning” 
adenomas have evidence of glycoprotein produc-
tion. Whereas TSH-secreting tumors cause 
hyperthyroidism, FSH- and LH-secreting tumors 
do not produce any speci fi c clinical syndromes. 
Consequently, these tumors are usually only 
discovered when they cause symptoms relating 

to mass effect, and therefore they require surgical 
resection. Unfortunately, surgical cure is rarely 
achieved because of the suprasellar extension and 
involvement of the cavernous sinuses by the time 
they present to medical attention.  

   ACTH-Secreting Adenomas (Cushing 
Disease) 
 Hypercortisolemia causes multiple clinical 
problems; patients feel poorly and have diffuse 
muscle pain and weakness, emotional lability, 
and profound fatigue. They present with acceler-
ated atherosclerosis, hypertension, diabetes 
mellitus, osteoporosis, obesity, susceptibility to 
infections, peptic ulcer disease, and thrombosis. 
Cushing disease is a serious medical condition 
that will shorten the life of af fl icted individuals 
because of associated comorbidities. Most cases 
of Cushing disease in the adult population are 
caused by microadenomas of the anterior pitu-
itary gland.   

   Genetic Syndromes Associated 
with Pituitary Tumors 

 Two autosomal dominant syndromes have been 
associated with a familial inheritance of pituitary 
adenomas: MEN1 and CNC. The familial syn-
drome MEN-1 affects the parathyroid gland, the 
endocrine pancreas, and, with less frequency, the 
pituitary gland. The syndrome is inherited in an 
autosomal-dominant fashion with reduced pene-
trance. Hyperparathyroidism develops in 90% of 
patients with MEN-1, and islet cell tumors of the 
pancreas develop in 60–70% of patients. Pituitary 
tumors occur in 24–45% of the patients, with 
symptoms consistent with hyperprolactinemia 
occurring in the majority of these patients (Lemos 
and Thakker  2008  ) . The syndrome is caused by 
an inactivating mutation in the  MEN1  gene on 
chromosome 11q13, which encodes the nuclear 
protein menin. The clinical presentation of  MEN1  
has been extensively characterized, and pituitary 
adenomas occur in 40% of patients with the syn-
drome (Lemos and Thakker  2008  ) . All tumor 
phenotypes can occur, but prolactinomas pre-
dominate in this patient population. Over 350 
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mutations of the  MEN1  gene have been found, 
but more than 10% of patients with the clinical 
disease have no known gene mutations (Lemos 
and Thakker  2008  ) . This suggests that epigenetic 
factors may also be involved in the development 
of the tumors (Lemos and Thakker  2008  ) . 

 Carney complex is an autosomal-dominant 
familial neoplasia syndrome characterized by 
spotty skin pigmentation, cardiac myxomas, pri-
mary pigmented nodular adrenocortical disease, 
pituitary tumors, and schwannomas. Among the 
endocrine tumors, GH-producing pituitary ade-
nomas are seen in approximately 10% of patients 
(Yin et al.  2008  ) . Carney complex is a rare condi-
tion that is linked in more than 50% of cases to an 
inactivating mutation in the gene encoding pro-
tein kinase A at 17q24. The primary abnormality 
in CNC pituitary disease is multifocal cell hyper-
plasia. Thus, about 75% of patients with CNC 
exhibit subclinical increases in growth hormone, 
IGF-1, and prolactin levels, but only 10% of 
patients actually exhibit symptoms of acromegaly 
(Kirschner et al.  1998  ) . 

 The recently de fi ned syndrome FIPA has been 
identi fi ed with more frequency in the literature. 
Isolated familial somatotropinoma (IFS) was the 
 fi rst form of this syndrome described. It was 
de fi ned as the occurrence of at least two cases of 
acromegaly in a single family in the absence of 
MEN1 and CNC. IFS was subcategorized within 
the broader FIPA syndrome category once data 
appeared to support the theory that pituitary ade-
nomas of all types—not limited to IFS—can occur 
in a familial setting in the absence of MEN1 and 
CNC (Beckers and Daly  2007  ) . The identi fi cation 
of FIPA as a “wastebasket” of heritable pituitary 
tumors indicates the vast amount of genetic muta-
tions associated with pituitary tumors and the 
genetic predisposition linked to these mutations. 
Furthermore, heritable genetic mutations in 
families with incomplete penetrance indicate 
signi fi cant epigenetic factors associated with the 
development of pituitary adenomas. 

 Genetic studies have pinpointed one of the 
hereditary abnormalities associated with FIPA 
within a region on chromosome 11q13.3 in 15% 
of patients; however, multiple other chromosomes 
have been implicated in other forms of FIPA. 

The location of the 11q13.3 mutation is associ-
ated with the  aryl hydrocarbon receptor interacting  
 protein (AIP)  gene (Vierimaa et al.  2006  ) .  

   Pituitary Tumorigenesis: Genetic Basis 

 The monoclonality of pituitary tumors is a widely 
established phenomenon in which a genetic muta-
tion in one cell leads to the formation  of an ade-
noma. On a larger scale, however, the pituitary 
gland may contain multiple hyperplastic cells, 
each with its own origin. The predominant cell 
type within the adenoma is dependent on a vari-
ety of oncogenes and tumor suppressor genes. 
The most important oncogene implicated in spo-
radic tumors is  GSP , which encodes a protein 
that regulates growth-hormone-releasing-hor-
mone (GHRH) effects. The oncogene  RAS  has 
also been identi fi ed in tumorigenesis and is asso-
ciated with aggressive pituitary tumors, including 
pituitary carcinomas. Cyclin D1, a cell cycle pro-
tein, is disrupted in a portion of pituitary ade-
nomas and is overexpressed in approximately 
70% of nonfunctioning tumors and 40% of soma-
totropinomas (GH-secreting pituitary adenomas) 
(Hibberts et al.  1999  ) . The  pituitary tumor trans-
forming gene   (PTTG)  is usually down-regulated 
in healthy glands but shows up-regulation in 
functional adenomas (Zhang et al.  1999  ) . Cell 
cycle regulator  p53  has also been shown to be 
mutated in a percentage of tumors (Tanizaki et al. 
 2007  ) . Multiple other studies show germline 
mutations in a variety of genes, including  AIP, 
BMP-4, CDKN1B, CDKN2A,   CDKN2C, 
GADD45G, PDt-FGFR4, PKC,   PRKAR1A, RB, 
WIF1,  and  ZAC  (Tichomirowa et al.  2009  ) . We 
will discuss some of the well-studied mutations 
further in this chapter.   

   Molecular Genetics and Epigenetic 
Alterations of Pituitary Tumors 

   Origin of Pituitary Adenomas 

 The clinical effects of pituitary tumors have been 
extensively studied, but until the 1990s researchers 
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lacked a good understanding of the initiating events 
of tumorigenesis. It was not known whether most 
pituitary adenomas arose from a single mutation or 
if they formed from multiple cells simultaneously 
stimulated by factors released from the hypothala-
mus. Using DNA restriction fragment length 
polymorphisms, Jacoby et al.  (  1990  )  studied X 
chromosome inactivation in DNA isolated from 
pituitary adenomas in women with three different 
hormonal subtypes. Analysis of the DNA fragments 
showed in each of the three samples that only one X 
chromosome was active in all cells within the ade-
noma, thus elucidating the monoclonal origin of 
pituitary adenomas. Multiple additional studies 
con fi rmed that pituitary adenoma tumorigenesis 
occurred in a single cell, leading to a clonal popula-
tion of tumor cells (Jacoby et al.  1990  ) .  

   Genetic Abnormalities of Carney 
Complex and Multiple Endocrine 
Neoplasia 

 The majority of genetic abnormalities in pituitary 
tumors result in dysregulation of hormone signal-
ing, dysregulation of growth-factor signaling, 
dysregulation of signaling proteins, or cell cycle 
regulation (Spada et al.  2007  ) . 

   CNC—PRKAR1A Gene 
 At the genetic level, CNC can be caused by null 
mutations in the  PRKAR1A  gene, encoding the 
type 1a regulatory subunit of protein kinase A. To 
further elucidate the role of this gene on pituitary 
tumorigenesis, researchers produced a tissue-
speci fi c knockout of this gene in a mouse model 
(Yin et al.  2008  ) . The frequency of pituitary tumors 
was signi fi cantly increased in the knockout mice. 
At a hormonal level, GH levels in serum of knock-
out mice were markedly elevated compared with 
those of controls, regardless of whether a visible 
GH adenoma developed or not. Mice with heterozy-
gous knockout did not have increased frequency of 
pituitary tumors. Thus, a null mutation at the 
 PRKAR1A  gene is necessary for development of 
pituitary tumors in the mouse CNC model. 

 Protein kinase A pathway abnormalities are 
well known to cause human pituitary adenomas. 
This is well illustrated by the activating mutations 

in G protein subunit Gs- a  (encoded by the  gsp  
oncogene). Mutations in the protein kinase A path-
way lead to constitutive activation of the G protein, 
with subsequent stimulation of cAMP and protein 
kinase activity, leading to changes in GHRH effects 
and thus GH-secreting adenomas.  PRKAR1A  also 
causes changes the protein kinase A pathway, pro-
ducing GH adenomas in patients with CNC.  

   Familial MEN-1 Syndrome 
 At the genetic level, the  MEN1  gene, which is 
responsible for the syndrome, encodes a 
610-amino-acid protein, menin, on chromosome 
11. The chromosome 11q13 germline mutation 
in  MEN-1  is revealed by a “second hit” on the 
remaining normal allele and is visualized as a 
loss of heterozygosity (LOH) using PCR technol-
ogy to evaluate the gene. The “two-hit” require-
ment for phenotypic expression of the syndrome 
is further validated by the presence of truncated 
 MEN1  gene regions in up to 85% of families with 
the MEN-1 syndrome. LOH of the wild-type 
chromosome results in the development of tumors 
in patients with heterozygotic inheritance of the 
allele, including pancreatic (40% by 9 months 
after LOH), parathyroid (24% by 9 months after 
LOH), and pituitary (26% by 16 months after 
LOH) tumors (Williamson et al.  1995  ) . The role 
of  MEN1  mutations in pituitary tumorigenesis in 
humans is not readily apparent yet. The predomi-
nance of prolactinomas in familial MEN-1 sug-
gests that pituitary tumors might be caused by 
similar mutations. Since mutation of the wild-
type allele in a heterozygous patient at the  MEN1  
gene is observed in up to 30% of sporadic pitu-
itary adenomas, the  MEN1  mutation may play a 
role in the progression but not the initiation of 
sporadic pituitary tumors. However, DNA 
sequence analysis shows that  MEN1  mutations 
occur in less than 2% of sporadic pituitary ade-
nomas (Spada et al.  2007  ) .   

   Genes Associated with Adenomas 
 and Epigenetic Factors 

 Pituitary tumorigenesis, whether in the sporadic 
form or as part of a heritable syndrome, fre-
quently involves mutations of oncogenes, tumor 
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suppressor genes, cell cycle regulator genes, and 
epigenetic factors (Table  8.1 ). Recently published 
data indicate that pituitary tumors may possess a 
greater heritability than previously thought 
(Couldwell and Cannon-Albright  2010  ) . Thus, an 
understanding of the genetic basis of these tumors 
is paramount in understanding the possible risk 
these tumors present to offspring of affected indi-
viduals (Tichomirowa et al.  2009  ) .  

   Oncogenes 
 An oncogene is a gene that, when mutated or 
expressed at high levels, helps turn a normal cell 
into a tumor cell. Many abnormal cells normally 
undergo a programmed form of death, apoptosis. 
Activated oncogenes can cause those cells to sur-
vive and proliferate instead. 

 Several oncogenes have been implicated in the 
development of pituitary adenomas. 

   Cyclin D1 
  Cyclin D1 , located on chromosome 11q13, regu-
lates the cell cycle, speci fi cally progression 
through the G 

1
  phase. Mutations in  cyclin D1  

result in unregulated growth of pituitary cells. 

 Cyclin D1  ampli fi cation is more frequent in non-
functioning adenomas and invasive tumors. The 
gene mutation is overexpressed in 70% of non-
functioning tumors and 40% in somatotropinomas 
(Hibberts et al.  1999  ) .  

   GSP 
 The most important oncogene implicated in spo-
radic tumors is  gsp , which encodes a protein that 
regulates GHRH effects. Located on chromosome 
20, mutation of the  a  subunit of the stimulatory 
guanine nucleotide-binding protein produces an 
unregulated active adenyl cyclase signaling system, 
which causes an inhibition of GTP hydrolysis and 
maintains Gs a  in constitutively active state, thus 
increasing cAMP, leading to GH hypersecretion via 
upregulation of GHRH effects. Mutations of the  gsp  
gene have been noted in approximately 40% of GH 
adenomas, 10% of nonfunctioning adenomas, and 
6% of ACTH adenomas (Clayton  1999  ) .  

   PTTG and C-myc 
 The PTT gene, also known as  securin , is generally 
poorly expressed in normal pituitary glands but is 
up-regulated in most pituitary adenomas.  Securin  

   Table 8.1    Germline and somatic gene abnormalities associated with pituitary adenomas   

 Gene  Product/Defect 

 Oncogenes 
 Cyclin D1  Overexpression in nonsecreting adenomas and somatotropinomas 
 Gsp  Somatic activating mutations in up to 40% of somatotropinomas 
 PTTG  Increased expression in more aggressive pituitary tumors 
 RAS  Somatic activating mutations in pituitary carcinomas 
 c-myc  Transcription factor associated with PTTG gene mutations 
 Tumor suppressor genes 
 MEN1  Inactivating mutations in all pituitary adenoma types 
 p53  Somatic inactivating mutations and overexpression in pituitary carcinomas 
 Retinoblastoma  Somatic mutations and promoter methylation in pituitary adenomas 
 Cell cycle regulators 
 AIP  Germline mutations and loss of heterozygosity in 15% of FIPA cases 
 CDKN1B (p27)  Germline heterozygous nonsense mutations 
 PKC  Point mutation in invasive pituitary adenomas 
 PRKAR1A  Truncating mutations in Carney complex leading to hyperplasia and adenomas 
 ZAC  Promoter methylation in nonfunctioning adenomas 
 Growth factors and cytokines 
 Pdt-FGFR4  Alternative transcription initiation in pituitary adenomas 
 BMP-4  Increased expression in prolactinoma 
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appears to induce expression and secretion of 
basic  fi broblast growth factor, a strong mitogenic 
and angiogenic factor (Zhang et al.  1999  ) . 
Additionally,  securin  is involved in chromosome 
separation during mitosis, and mutations in the 
gene lead to improper cell cycle function, caus-
ing chromosomal instability and aneuploidy, and 
thus giving  PTTG  its oncogenetic potential (Zou 
et al.  1999  ) . Basic  fi broblast growth factor activa-
tion has also been shown to activate the  c-myc  
oncogene.  C-myc  codes for proteins that bind to 
DNA and serves as a transcription factor. 
Overexpression of the  c-myc  oncogene, located 
on chromosome 8q24, has been reported in nearly 
one third of all pituitary adenomas (Pei  2001  ) .  

   RAS 
 Expression of the  ras  oncogene, located on chro-
mosome 5p13, has been reported in pituitary car-
cinomas and aggressive prolactinomas. The gene 
expression is absent in benign adenomas, which 
indicates that its activation may be a secondary 
event causing further de-differentiation to a more 
aggressive tumor type. By itself,  ras  does not 
likely play a signi fi cant role in initiating tumor 
development.   

   Tumor Suppressor Genes 
 A tumor suppressor gene, or anti-oncogene, is a 
gene that protects a cell from becoming a tumor 
cell. When this gene is mutated to cause a loss or 
reduction in its function, the cell can progress to 
cancer, usually in combination with other genetic 
changes. Unlike oncogenes, tumor suppressor 
genes generally follow the ‘two-hit hypothesis,’ 
which implies that both alleles that code for a 
particular gene must be affected before an effect 
is manifested. This is because if only one allele 
for the gene is damaged, the second can still pro-
duce the correct protein. Thus, mutant tumor 
suppressor alleles are usually recessive whereas 
mutant oncogene alleles are typically dominant. 
Several tumor suppressor genes have been impli-
cated in the development of pituitary adenomas. 

   MEN1 
 Among the earliest recognized tumor suppres-
sor genes associated with pituitary adenomas 
was the  MEN1  gene located on chromosome 

11q13. Twenty- fi ve to forty- fi ve percent of 
patients with the autosomal-dominant inherited 
germ-line mutation in  MEN1  gene, who thus 
have  MEN1  syndrome, have pituitary tumors. 
 MEN1  mutations have been reported in sporadic 
tumors of all major subtypes, including ACTH 
and GH adenomas, prolactinomas, and nonfunc-
tioning adenomas. The biological role of  MEN1  
appears to be in part as a tumor suppressor gene 
with an immense series of interactions within 
the cell. Menin regulates or interacts with pro-
moter regions of hundreds of genes and has a 
wide regulatory role in transcription (Agarwal 
et al.  2007  ) .  

   p53 
 Cell cycle regulator and tumor suppressor gene 
 p53  has also been implicated in pituitary tum-
origenesis.  p53  encodes a nuclear protein that 
regulates cyclin-dependent kinase (CDK) inhib-
itor p21. p21 induction has been shown to 
restrain cell cycle progression and thus pituitary 
tumor growth. Mutations in  p53  result in 
decreased p21 activation and uncontrolled repli-
cation (Chesnokova et al.  2008  ) . The mutated 
 p53  gene, located on chromosome 17p13, has 
been reported in high percentage of patients 
with Cushing disease and in invasive nonfunc-
tioning adenomas. Additionally, a recent study 
demonstrated  p53  mutations resulting in high 
expression of  p53  protein by pituitary tumor 
cells, both noninvasive and invasive ACTH 
adenomas (Tanizaki et al.  2007  ) .  

   Retinoblastoma Gene (Rb) 
 The retinoblastoma protein Rb is a tumor suppres-
sor protein that is dysfunctional in many cancers. 
A primary function of the versatile protein is to 
prevent excessive cell growth by inhibiting cell 
cycle progression until a cell is ready to divide.  Rb  
also serves as recruiter of several chromatin 
remodeling enzymes such as methylases and 
acetylases. Differing results in regard to the role 
of the retinoblastoma gene ( Rb ) in tumorigenesis 
of pituitary adenomas have been reported. Somatic 
 Rb  gene loss via deletion in a locus on the long 
arm of chromosome 13 has been reported in inva-
sive adenomas (Pei et al.  1995  ) . Hypermethylation 
of the promoter region of the  Rb  gene has also 



78 R.R. Kalra et al.

been implicated in tumor development. Overall, 
there are no de fi nitive studies showing the speci fi c 
mechanism by which  Rb  initiates or enhances 
pituitary tumor growth (Tichomirowa et al.  2009  ) .   

   Cell Cycle Regulators 
 Cell cycle regulators function to initiate, control, 
and stop cell growth and development. Dysregu-
lation of the cell cycle components may lead to 
aberrant cell cycle initiation and thus lead to hyper-
plasia and tumor development. The following cell 
cycle regulators have been implicated in the devel-
opment of pituitary adenomas. 

   Aryl Hydrocarbon Receptor Interacting 
Protein (AIP) 
 Aryl hydrocarbon receptor interacting protein was 
discovered to cause adenomas in a comprehensive 
genetic study in families with multiple members 
diagnosed with pituitary tumors. Studies of patients 
in the FIPA cohort showed that  AIP  was associated 
with familial presentation of somatotropinomas 
and prolactinomas in 15% of cases (Vierimaa et al. 
 2006  ) . Immunohistochemical methods showed 
that in normal cases,  AIP  was localized within 
GH- and prolactin-secreting cells; however, in 
sporadic and familial tumors, it was expressed in 
all tumor types (Tichomirowa et al.  2009  ) . 

 The mechanism by which  AIP  mutations lead to 
adenomas in sporadic as well as FIPA cases is not 
well understood. To date, all germline  AIP  muta-
tions reported have been heterozygous in nature. 
Some researchers have speculated that homozygous 
germline  AIP  mutations are not compatible with 
life. Thus,  AIP  mutations resulting in abnormal pro-
tein production are due to a ‘second-hit’ phenome-
non.  AIP  mutations described to date result in either 
truncation or misfolding of the protein. The  AIP  
gene product interacts with multiple cell cycle 
proteins including phosphodiesterases, heat shock 
proteins, cAMP, and aryl hydrocarbon receptors. 
Thus, abnormal cell cycle regulation is hypothe-
sized to lead to aberrant growth (Daly et al.  2007  ) .  

   CDKN1B (p27) 
 In pituitary adenomas, CDK inhibitor  p27 , 
located on chromosome 12, appears to have an 
important function, as evidenced by animal studies 

showing development of pituitary tumors in 
homozygous  p27  deletions. p27 protein quantita-
tive reduction has also been shown to occur in 
adenomas but not in normal pituitary glands. The 
reduction in protein was most predominant in 
ACTH tumors (Lidhar et al.  1999  ) .  

   Protein Kinase C 
 Protein kinase C (PKC) is an enzyme involved in 
the regulation of cellular growth, proliferation, and 
differentiation of the anterior pituitary gland. 
Increased PKC activity and expression have been 
reported in pituitary adenomas, especially in the 
invasive forms. In particular, the PKC  a -isoform ( a  
PKC) is overexpressed in these tumors. Furthermore, 
the  a -isoform can undergo a point mutation, struc-
turally altering the protein and resulting in a more 
aggressive tumor form (Couldwell et al.  1996  ) .  

   PRKAR1A 
 Carney complex is associated with mutations in 
the  PRKAR1A  gene. This gene has been identi fi ed 
in 60% of patients with CNC (Veugelers et al. 
 2004  ) . The  PRKAR1A  gene encodes the protein 
kinase A regulatory subunit I a , and mutation of 
the gene results in mRNA instability leading to 
absent or decreased gene product. Decreased 
protein function within the cell increases cAMP 
effects and leads to tumor growth.  PRKAR1A  
homozygous gene deletion is not compatible with 
life;  PRKAR1A  mutations resulting in de fi cient 
protein production are due to a ‘second-hit’ 
phenomenon (Kirschner et al.  2000  ) .  

   ZAC 
 The  ZAC  gene encodes a zinc  fi nger protein that 
also induces cell apoptosis and cell cycle arrest. 
The protein, located on chromosome 6, is nor-
mally expressed in high quantities in healthy 
pituitary glands. In nonfunctional adenomas, 
however,  ZAC  expression is virtually absent. 
Interestingly, loss of expression of the ZAC pro-
tein was not associated with a mutation of the 
 ZAC  gene; thus, an alternative epigenetic mecha-
nism of gene inactivation must exist. One such 
mechanism implicated in the  ZAC  gene defect is 
promoter methylation leading to decreased 
protein product (Pagotto et al.  2000  ) .   
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   Growth Factors and Cytokines 
 Although pituitary adenomas arise from a clonal 
expansion of a single cell, the monoclonal growth 
may occur within a hyperplastic environment sec-
ondary to disturbances in paracrine regulation, 
including cytokines and growth factors. Abnormal 
responses to target organ feedback can also lead 
to paracrine abnormalities and play a role in creat-
ing this environment (Vallar et al.  1987  ) . 

 Examples of such responses include:
    1.    Overexpression of FR- a . Pathological staining 

and microarray analysis has revealed that the 
folate receptor FR- a  is signi fi cantly overex-
pressed in clinically nonfunctioning ade-
nomas. It is a high-af fi nity folate transporter 
and thus may provide a growth advantage to 
dysplastic cells (Evans et al.  2008  ) .  

    2.    Potentiation of prolactin-producing cells by 
estrogen during pregnancy and lactation.  

    3.    Loss of negative feedback resulting in tumor 
growth in the setting of adrenalectomy (Nelson 
syndrome) (Ando et al.  2001  ) .  

    4.    Mutations in  fi broblast growth factor receptors 
(FGFRs). FGFRs assist in the growth and 
development of tissues. Mutations in such 
factors have been shown to lead to hyperpla-
sia; speci fi cally, a truncated pituitary tumor–
associated form of FGFR4 has resulted in 
invasive pituitary tumorigenesis in animal 
models via alternative transcription initiation 
(Ezzat and Asa  2006  ) .  

    5.    Effects on bone morphogenic proteins 
(BMPs). These members of the tumor growth 
factor (TGF)  b  family interact with down-
stream regulators to control the cell cycle and 

cell proliferation. Speci fi cally, BMP-4 has a 
stimulatory role on prolactin-secreting cells 
and supports the development of prolactino-
mas, but it has an inhibitory action on the 
corticotropic cells. Thus, cytokines in gen-
eral, and the TGF b  family speci fi cally, play a 
complicated role in tumorigenesis and tumor 
inhibition (Giacomini et al.  2007  ) .      

   Epigenetic Factors 
 Epigenetics is the study of inherited changes in 
phenotype and gene expression caused by mech-
anisms other than changes in the underlying DNA 
sequence. Three main types of epigenetic inheri-
tance have been studied: DNA methylation, 
genomic imprinting, and histone modi fi cation 
(Table  8.2 ). In many cancers, epigenetic changes 
have been implicated in development and 
growth of tumors, including pituitary adenomas 
(Tichomirowa et al.  2009  ) .  

   DNA Methylation 
 Cell cycle regulators  p16  (CDKN2A) and  Rb  are 
absent in virtually all tumor types. The mecha-
nisms implicated in their loss include gene deletion, 
point mutations, and promoter methylation. In 
pituitary tumors, DNA methylation of  p16  with 
gene silencing is present in approximately 70% 
of sporadic tumors and represents an early change 
in pituitary tumorigenesis. In regard to  Rb  
absence, only a small portion is attributable to 
gene-silencing via methylation compared with 
deletion (Farrell  2005  ) . The death-associated 
protein kinase (DAP kinase) gene product is an 
apoptotic mediator via the activation of  p19 / p53 . 

   Table 8.2    Epigenetic factors associated with pituitary adenomas   

 Gene  Product/Defect 

 CDKN2A (p16)  Promoter methylation in pituitary adenomas 
 DAP  Promoter methylation in invasive/metastatic adenomas 
 GADD45G  Promoter methylation in nonsecreting adenomas, prolactinomas, and somatotropinomas 
 Gsp  Somatic activating mutations and relaxation of imprinting 
 MEG3a  Promoter methylation in nonsecreting adenomas and gonadotropinomas 
 Pdt-FGFR  Alternative transcription initiation in pituitary adenomas 
 Rb  Promoter methylation in pituitary adenomas 
 WIF 1  Promoter methylation in pituitary adenomas 
 ZAC  Promoter methylation in nonfunctioning adenomas 
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Several studies have implicated the methylation 
and deletion of DAP kinase gene with highly 
invasive and/or metastatic pituitary tumors 
(Simpson et al.  2002  ) . Methylation of the growth 
arrest and DNA damage-inducible gene 
(GADD45G) also leads to gene silencing and is 
associated with the development of somatotropi-
nomas, prolactinomas, and nonfunctioning ade-
nomas (Zhang et al.  2002  ) .  

   Imprinting 
 Genomic imprinting of the maternal and paternal 
DNA during gametogenesis establishes condi-
tions whereby a speci fi c allele is more abundantly 
or exclusively expressed in the offspring. 
Relaxation of imprinting by activation of the 
nonimprinted gene can lead to tumor develop-
ment. Recent studies indicate that the oncogene 
 gsp  normally undergoes imprinting with the 
maternal allele exclusively being expressed 
(Weinstein et al.  2002  ) . Tumor development due 
to gsp abnormalities is generally associated with 
mutation of the gene, but data suggest that some 
tumors express biallelic gene products, indicat-
ing a loss of imprinting. Relaxation of imprinting 
of gsp may represent a secondary feature in the 
progression of these tumors (Hayward et al. 
 2001  ) .  

   Histone Modi fi cation 
 Histones are subject to a wide variety of post-
translational modi fi cations. These modi fi cations 
occur primarily within the histone amino-termi-
nal tails protruding from the surface of the 
nucleosome as well as on the globular core region 
(Cosgrove et al.  2004  ) . Histone modi fi cations are 
proposed to affect chromosome function through 
at least two distinct mechanisms. The  fi rst mech-
anism suggests modi fi cations may alter the 
electrostatic charge of the histone resulting in a 
structural change in histones or their binding to 
DNA. The second mechanism proposes that these 
modi fi cations are binding sites for protein recogni-
tion modules. Thus, post-translational modi fi cations 
of histones create an epigenetic mechanism for 
the regulation of a variety of normal and disease-
related processes, including pituitary tumor 
growth (Tateno et al.  2010  ) . Recently published 

data suggest that MAGE-A3, a member of the 
MAGE-I family of cancer-related antigens, is 
abundantly transcribed in pituitary tumors and 
has been implicated in transcriptional silencing 
of  p53  through histone modi fi cation (Monte et al. 
 2006  ) . As mentioned earlier,  p53  serves as a cell 
cycle regulator and tumor suppressor gene.  p53  
encodes a nuclear protein that regulates CDK 
inhibitor p21. p21 induction has been shown to 
restrain cell cycle progression and restrain pitu-
itary tumor growth. The silencing of the  p53  gene 
results in decreased  p21  activation and uncon-
trolled replication (Chesnokova et al.  2008  ) .     

   Overview of Current Understanding 
of Heritability 

   Utah Population Data Base 

 Numerous researchers have undertaken the effort 
to understand genetic alterations that contribute to 
the development of different disease states associ-
ated with pituitary tumors. The ultimate goal of 
these studies is to develop processes that will 
enable us to screen and treat patients af fl icted with 
these speci fi c diseases and someday prevent their 
development altogether. In addition to the labora-
tory studies evaluating the genetic contribution to 
pituitary tumors, another resource has now been 
applied to the study of these tumors. The Utah 
Population Database (UPDB) was developed with 
the goal of investigating the genetic contribution 
to cancer. During the last 30 years, use of the 
UPDB has expanded to include many tumor types, 
and the genetic contribution to disease phenotypes 
other than cancer have also been evaluated. This 
resource links genealogical information repre-
senting Utah’s pioneers and their descendants 
with the individual cancer records represented in 
the Utah Cancer Registry (UCR), which collects 
data on all patients with cancer diagnosed in the 
state, and with annual updates from the Utah 
Department of Health for births, deaths, mar-
riages, divorces, as well as records from the Utah 
Driver’s License Division. The UPDB now 
encompasses over seven million individuals and 
has a subset of over 2.5 million individuals with at 
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least three generations of genealogical data; and 
some pedigrees now extend to 11 generations 
linking back to the initial settlers in Utah.  

   Evaluation of Heritable Contribution 

 The genetic contribution to speci fi c phenotypes 
can be evaluated using one of three different 
methods: the Genealogical Index of Familiality 
(GIF), which was developed speci fi cally for use 
with the UPDB; the estimation of the relative 
risks (RR); and the identi fi cation of high-risk 
pedigrees with speci fi c phenotypes observed in 
signi fi cant excess (Couldwell and Cannon-
Albright  2010  ) . The GIF examines the estimation 
of the average relatedness among affected indi-
viduals who share a speci fi c phenotype (Couldwell 
and Cannon-Albright  2010  ) . If individuals in the 
database with a selected phenotype have a 
signi fi cantly greater average relatedness than 
matched controls, there is evidence of excess 
familiality. Similarly, phenotypes with a genetic 
contribution should occur more often in relatives 
of those affected with that phenotype than in the 
control population (i.e., higher RR) (Couldwell 
and Cannon-Albright  2010  ) . Finally, high-risk 
pedigrees found in the database may suggest the 
predisposition genes responsible for the observed 
phenotypes.  

   Use of the UPDB for Evaluation 
of Heritability of Pituitary Tumors 

 Using the data available in the UPDB and the 
UCR, Couldwell and Cannon-Albright  (  2010  )  
analyzed the genetic relationships among indi-
viduals diagnosed with benign or malignant pitu-
itary tumors to investigate whether there was 
evidence for a heritable contribution to the disease 
in non-syndromic cases. Twenty-one patients with 
a malignant pituitary tumor and 720 individuals 
with a benign pituitary tumor recorded in the UCR 
since 1966 also had Utah genealogical data. The 
analysis of the GIF testing the hypothesis of no 
excess relatedness for all pituitary tumor cases 
demonstrated that the pituitary cases had a higher 

degree of relatedness than expected (p <0.001). 
The average relatedness of all pituitary tumor 
cases was also signi fi cantly higher than expected 
when all relationships closer than third-degree 
relatives were ignored. The RR assessment dem-
onstrated a signi fi cantly elevated risk to  fi rst and 
third-degree relatives of affected individuals. 
Using these two methods, the authors found strong 
evidence for a genetic contribution to predisposi-
tion to symptomatic pituitary tumors.  

   Use of Heritability Information 

 This information is particularly valuable for 
counseling family members of patients treated 
for pituitary adenomas. Relative risks for  fi rst- 
and third-degree relatives were signi fi cantly 
elevated (RR = 2.83 and 1.63, respectively) 
(Couldwell and Cannon-Albright  2010  ) . It also 
may raise a higher index of suspicion for the 
detection of symptomatic pituitary tumors in 
such individuals. At the present time, the cost 
effectiveness of screening close relatives for 
pituitary tumors using magnetic resonance 
imaging and endocrine studies has yet to be 
determined, but there is the potential in the 
future that this information may be useful for 
early detection. This information could be a 
stepping stone for gene mapping in these high-
risk groups and for creation of a low-cost screen-
ing tool using the gene mapping information to 
help to lessen the burden of the disease. 

 In conclusion, extensive molecular research 
into pituitary tumors has revealed an exhaustive 
list of genes responsible for the growth of pitu-
itary cells. Furthermore, epidemiological data 
has elucidated the genetic predisposition to clini-
cally signi fi cant pituitary tumors in family mem-
bers of patients. The data linking speci fi c genes 
to relative risk to family members is still sparse. 
The discovery of familial pituitary tumor syn-
drome (FIPA) and the AIP gene has shown that 
no single gene is solely responsible for heritable 
pituitary adenomas. As such information linking 
speci fi c genes with pituitary tumors becomes 
complete and available, it will be extremely valu-
able in counseling family members of patients 
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treated for pituitary adenomas and for raising a 
higher index of suspicion for the detection of a 
symptomatic pituitary tumor in such individuals.       
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  Abstract 

 Xanthogranuloma (cholesterol granuloma) in 
the sellar region was traditionally regarded as 
a hallmark of craniopharyngioma, but it can 
be associated with other lesion including pitu-
itary adenomas. In adenomas, xanthogranulo-
mas may develop in large tumors, probably 
following hemorrhagic processes, and patients 
present with various degrees of pituitary 
insuf fi ciencies. On MRI, xanthogranulomas 
typically exhibit mixed signal intensities with 
heterogeneous gadolinium enhancement, 
re fl ecting their complex histological features. 
The most characteristic  fi nding is cholesterol 
clefts that show T1-high and T2-low signal 
intensities. Fine evaluation of MRI  fi ndings is 
required for the accurate diagnosis and the 
appropriate surgical intervention that may 
improve pituitary function.      

   Introduction 

 Evaluation by MRI is indispensable for the diag-
nosis and treatment of pituitary adenomas. Most 
adenomas can be reliably diagnosed by routine 
MRI examinations. Not only the precise localiza-
tion including anatomical relation to the surround-
ing tissues, but also nature of the tumor can be 
speculated on MRI. In a few sellar lesions that 
exhibit atypical  fi ndings on MRI, however, diagno-
sis still remains troublesome. Differential diagnosis 
of adenomas may include various lesions such as 
craniopharyngiomas, Rathke’s cleft cysts, germ 
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cell tumors, and hypophysitis. Most of the atypical 
features on MRI are due to histological changes 
within the tumor. Xanthogranuloma is a complex 
granulomatous lesion characterized by cholesterol 
clefts, foamy macrophages, chronic in fl ammation, 
and  fi brosis. It usually exhibits complex  fi ndings 
on MRI. Herein, we demonstrate MRI features and 
the differential diagnosis of pituitary adenomas 
accompanying this complex histological change.  

   Histological Changes Associated 
with Pituitary Adenomas 

 Pituitary adenomas are benign, slowly growing 
neoplasm, but they are often associated with histo-
logical changes such as hemorrhage, necrosis, 
 fi brosis, hyaline deterioration, calci fi cation, cyst 
formation, amyloid deposit, et al. These changes 
are usually more common in large adenomas and in 
prolactinomas. Apart from secondary reaction to 
surgical, pharmacological, or radiation treatment, 
these changes are caused either by hemorrhagic, 
ischemic, in fl ammatory, or degenerative processes. 
They are generally unrelated to aggressiveness or 
malignancy of the tumor, but may result in endo-
crine dysfunction by affecting the surrounding 
pituitary. In addition, adenomas with these changes 
are often more dif fi cult to achieve radical surgical 
resection than those without them. 

 On preoperative MRI of adenomas, most of the 
mixed signal intensities and heterogeneous gado-
linium enhancements are related to these histo-
logical features,  e.g.,  hemorrhage and calci fi cation 
is high and low signal intensity, respectively, on 
T1-weighted image. These changes are not 
speci fi c to adenomas but may also develop in 
other sellar lesion. When these changes are 
remarkably complex and/or predominate in an 
adenoma, it is often dif fi cult to differentiate from 
other diagnosis by MRI.  

   Xanthogranulomas in the Sellar 
Region 

 Xanthogranuloma (cholesterol granuloma, xan-
thogranulomatous reaction) is a granulomatous 
lesion consisting of cholesterol clefts, macrophages 

(xanthoma cells), hemosiderin deposits, chronic 
in fl ammatory in fi ltrates, and  fi brous proliferation 
(Fig.  9.1 ). Most xanthogranuloma in the sellar 
region is associated with epithelial lesion. 
Traditionally, xanthogranuloma had been regarded 
as a hallmark of adamantinomatous type cranio-
pharyngioma (Janzer et al.  2000  ) . However, various 
other lesions, including Rathke’s cleft cyst, colloid 
cyst of the third ventricle, and epithelial cyst, 
may occasionally accompany xanthogranuloma 
(Tashiro et al.  2002  ) . In addition, pituitary ade-
nomas may, albeit rarely, undergo xanthogranu-
lomatous change (Nishioka et al.  2010  ) .  

 On the other hand, xanthogranuloma that lack 
epithelial component,  i.e.,  those with unknown 
origin, is termed “xanthogranuloma of the sellar 
region” (Paulus et al.  1999  ) . Although it still 
remains unknown whether they represent a dis-
tinct entity, their characteristic clinicopathological 
features have been reported (Janzer et al.  2000 ; 
Paulus et al.  1999  ) . Compared to craniopharyn-
giomas, they tend to show predominance in 
young age patients, intrasellar location, small 
tumor size, severe pituitary dysfunction, and 
benign prognosis. However, “xanthogranuloma of 
the sellar region” cannot radiologically be differ-
entiated from other diagnosis (Jung et al.  2006  ) . 

 Meanwhile, Erdheim-Chester disease, or non-X 
histiocytosis, is a rare xanthogranulomatous dis-
ease of multiple organ systems, primary involving 
the metaphysis and diaphysis of long bones. They 
occasionally show intracranial involvement affecting 

  Fig. 9.1    Histological feature of xanthogranuloma associ-
ated with an adenoma showing chronic in fl ammatory 
in fi ltrates, xanthoma cells, cholesterol clefts, hemosiderin 
deposits, and  fi brosis       
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the hypothalamic-pituitary axis. Although it has a 
progressive fatal prognosis and rarely manifests 
with intracranial involvement, neurosurgeons need 
to be aware of the possibility of this rare disease in 
patients with unusual neuroimaging  fi ndings and 
pituitary dysfunction (Abla et al.  2010  ) .  

   Histogenesis of the Sellar 
Xanthogranulomas 

 The histogenesis of xanthogranuloma is contro-
versial and is probably heterogeneous. It is generally 
considered to develop following hemorrhage, 
in fl ammation, or degeneration (Burt et al.  2003 ; 
Paulus et al.  1999 ; Yonezawa et al.  2003  ) . 
Craniopharyngiomas and Rathke’s cleft cysts are 
known to cause foreign-body in fl ammatory reac-
tion in the cyst wall and the surrounding tissues 
(Nishioka et al.  2006 ; Tashiro et al.  2002  ) . The 
in fl ammation occasionally extends to the pituitary 
resulting in secondary hypophysitis. The rela-
tively higher incidence of pituitary insuf fi ciency 
and diabetes insipidus in these lesions compared 
to adenomas are due to the chronic in fl ammation. 
Since hemorrhage is uncommon, it is suggested 
that xanthogranulomatous reaction is mainly 
induced by in fl ammatory process in these lesions. 
On the other hand, Paulus et al.  (  1999  )  who pro-
posed the term “xanthogranuloma of the sellar 
region” found hemosiderin deposits in most cases. 
They suggested that xanthogranuloma is related 
to obstruction of a cavity, hemorrhage, or both. 

 In our previous study of xanthogranulomas asso-
ciated with adenoma, we found hemosiderin deposits 
and xanthochromic-like  fl uids in most cases 
(Nishioka et al.  2010  ) . Despite absence of evident 
episodes of pituitary apoplexy, we suggested that 
xanthogranulomatous reaction was related to hem-
orrhagic or necrotic processes in these adenomas.  

   MRI Features of the Sellar 
Xanthogranulomas 

 MRI  fi ndings, particularly signal intensity 
varies considerably in each case of sellar xan-
thogranulomatous lesion. They exhibit mixed 

signal intensities on both T1- and T2-weighted 
images with heterogeneous enhancement, 
re fl ecting their complex histologic components 
(Fig.  9.2 ). In general, cholesterol clefts show 
T1-high and T2-low signal intensities, hemosid-
erin deposits show T1-iso and T2-low signal 
intensities, calci fi cation shows T1-low and 
T2-low signal intensities, cysts containing xan-
thochromic-like  fl uid show T1-high/iso and 
T2-high signal intensities, and thick  fi brosis 
(granulation) show both T1- and T2-low signal 
intensities. Since the most characteristic histo-
logical features are cholesterol clefts, sellar 
mixed-intensity lesions showing T1-high and 
T2-low signal intensities suggest the possibility 
of xanthogranuloma (Sugata et al.  2009  ) . Thus, 
T1-high signal intensity in the sellar region may 
indicate cholesterol clefts (xanthoma cells) in 
addition to hematomas, fat, and high-protein 
materials or  fl uids (Jung et al.  2006 ; Nishioka 
et al.  2010 ; Yokoyama et al.  2004  ) .  

 In cases of xanthogranuloma associated with 
adenoma, component of an adenoma can be 
usually detected adjacent to the xanthogranu-
loma on  fi ne MRI (Fig.  9.2 ). Adenomas with 
hemorrhage, especially those with old hema-
toma, may exhibit similar MRI features, since 
old hematoma and xanthogranuloma share some 
common histologic features. In addition, xan-
thogranulomatous reaction is probably triggered 
by hemorrhagic process. Characteristic signal 
intensities of cholesterol clefts can be a clue to a 
differential diagnosis.  

   Differential Diagnosis of the Sellar 
Xanthogranulomas 

 Differential diagnosis of sellar granulomatous 
and xanthgranulomaous lesion includes cranio-
pharynioma, Rathke’s cleft cyst, germ cell tumor, 
and systemic granulomatous disorders (sarcoidosis, 
Langerhans cell histiocytosis, Wegener granulo-
matosis, tuberculosis, syphilis). 

 When a lesion is exclusively or predomi-
nantly composed of xanthogranulomatous 
tissue, differential diagnosis will be dif fi cult. 
In such cases, diagnosis of the primary lesion 
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that accompanied xanthgranuloma is often 
dif fi cult even with histological study. On mac-
roscopic observation during surgery, these 
lesions usually demonstrate heterogeneous 
appearance including  fi rm granulation tissue. 
The primary lesion may not be involved in 
small surgical specimens, whereas radical 
resection of the lesion can deteriorate the pitu-
itary function and, thus, is usually unnecessary 
(Murakami et al.  2008  ) . Furthermore, the pri-
mary lesion might have been destructed by the 
severe in fl ammation. It has been suggested that 
some, if not many, cases of idiopathic granu-
lomatous and xanthogranulomatous hypophys-
istis have a relation to Rathke’s cleft cyst 
(Murakami et al.  2008 ; Tashiro et al.  2002  ) . 

 Since hypopituitarism is a common manifes-
tation in patients with xanthogranulomas, appro-
priate surgical intervention may improve pituitary 
function. Although their MRI features are often 
complex re fl ecting the heterogeneous histologies, 
 fi ne evaluation of unusual MRI  fi ndings is 
required for the accurate diagnosis.      
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  Abstract 

 This chapter discusses the pathologic features 
of pituitary adenoma and craniopharyngioma, 
the two most common and problematic neo-
plasms of the region of sella turcica. Pituitary 
adenoma, even when it is small, can present 
with very diverse clinical and pathological 
 fi ndings owing to its variety of cell types and 
its location. An increasing number of subtypes 
are being recognized based on histological 
and immunohistochemical features. Valuable 
data can be obtained from the pathologic eval-
uation in terms of biologic aggressiveness of 
the adenoma, and its further characterization 
as invasive and/or atypical. Craniopharyngioma 
is a low grade neoplasm that can be quite 
problematic due to its locally invasive nature 
and recurrences. Histologic subtypes, namely 
adamantinomatous and papillary, are reviewed; 
their pathologic features and prognoses are 
discussed. Finally, the interesting coexistence 
of these two neoplasms is discussed brie fl y.      

   Introduction 

 The region of sella turcica and the suprasellar 
region bring together a wide variety of tissues, 
such as neuroglial, adenohypophyseal, meningeal, 
vascular, soft tissue, bone and bone marrow, and 
upper respiratory epithelial, resulting in a large 
number of diverse lesions, both neoplastic and 
nonneoplastic. These various tissues are closely 
approximated and intermingled. Especially their 
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neoplasms, even the most biologically benign 
ones, have the potential to compress and in fi ltrate 
into the neighboring tissues and structures to com-
plicate matters more, causing problems by inter-
fering with their crucial functions and presenting 
many diagnostic and therapeutic challenges. Due 
to the complex and unusual histology and its vari-
ations, additional challenges are faced by the neu-
ropathologist in the diagnosis and classi fi cation of 
these lesions. In this chapter, the pathologic fea-
tures of two of the most common neoplasms of 
this region, anterior pituitary neoplasms and cran-
iopharyngioma, will be discussed with a diagnos-
tic and prognostic perspective.  

   Pituitary Adenoma 

 Pituitary adenoma arises from the endocrine cells 
of the anterior pituitary gland. It is the most com-
mon neoplasm of the pituitary gland and consti-
tutes 8% of all intracranial neoplasms (Surawicz 
et al.  1999  ) , with an incidence of up to 20% in 
general population (Asa  1998  ) . Its peak incidence 
is in the seventh to eighth decades of life 
(Surawicz et al.  1999  ) . Clinical presentation of 
pituitary adenoma is usually due to the excess 
hormone it secretes or the mass effect it produces, 
or both. Some adenomas can compress and inter-
fere with the function of the nonneoplastic pitu-
itary tissue. While the great majority arise in the 
sella turcica and may grow out of the sella with or 
without invasion of various surrounding struc-
tures, rare adenomas are ectopic, with no abnor-
malities of the pituitary gland or the sella. 
Therefore, when a tissue sample is obtained, the 
diagnosis of the lesion as a pituitary neoplasm 
subsequent to its differential diagnosis from a 
variety of neoplastic and nonneoplastic lesions in 
the sellar-suprasellar region, the identi fi cation of 
its hormonal status with pathologic techniques 
and subclassi fi cation of the adenoma according 
to this information, the determination of its poten-
tial for invasion, recurrence and possibly metas-
tasis, and  fi nally, the integration of these data 
obtained from pathologic examination with the 
clinical, laboratory, radiologic and introperative 
 fi ndings, are crucial for the appropriate management 

of the patient. This section will focus on the 
pathologic diagnosis and classi fi cation of pitu-
itary adenoma, as well as the prognostic data that 
can be obtained from pathologic examination. 

   General Pathologic Features 

 The anterior pituitary parenchyma is composed of 
a mixture of cell types referred to as acidophils, 
basophils and chromophobes based on their cyto-
plasmic tinctorial characteristics by routine histo-
logic methods. They are arranged in a nesting 
pattern, surrounded by a delicate  fi brovascular 
stroma (Fig.  10.1a ). This architecture, character-
istic for the typical histology of the anterior pitu-
itary, is highlighted by a reticulin stain (Fig.  10.1b ). 
When there is hyperplasia of this tissue, there is 
distortion of this architecture in the form of expan-
sion and irregular branching (Fig.  10.1c ). However, 
although distorted, the overall nesting pattern, as 
identi fi ed by reticulin stain, is still preserved 
(Fig.  10.1d ). There may be a predominance of the 
hyperplastic cell type over the others. This may be 
highlighted further by immunohistochemical 
stains for pituitary hormones.  

 Adenomas are monomorphic lesions with 
sheets of similar cells and loss of nesting pattern 
(Fig.  10.1e ). There is complete disruption of the 
reticulin network, which remains limited to 
perivascular areas (Fig.  10.1f ). This histologic 
appearance constitutes the general pathologic 
hallmark of pituitary adenoma common to all 
types. The loss of reticulin network also explains 
the softer and more friable gross quality of the 
adenoma compared to the nonneoplastic gland. 

 These architectural differences between non-
neoplastic and neoplastic pituitary tissue are also 
useful in introperative evaluations. Intraoperative 
cytology is very valuable in introperative neuropa-
thology consultations. They reveal cellular prepa-
rations in adenomas due to the absence of reticulin, 
making it easier for adenoma cells to fall onto the 
slide from the loose sheets devoid of reticulin. 
Nonneoplastic tissue yields scantly cellular prepa-
rations, since not very many cells fall onto the slide 
due to rich reticulin network. Touch or smear prep-
arations provide the best means for evaluation, 
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especially for the evaluation of chromatin pattern, 
revealing a  fi nely-granular neuroendocrine chro-
matin pattern, usually referred to as “salt and pep-
per” chromatin. Nucleoli are very small or 
inconspicuous. Nuclei are usually round and uni-
form, although there may be considerable cytologic 
atypia and pleomorphism in some cases. Many 
cells tend to lose their friable cytoplasms, which 
may form a granular eosinophilic debris in the 
background. This is usually the case with the smear 
preparations and is likely the result of physical 

tension applied to the cells during smearing. Overall, 
cells tend to be distributed singly or in very small, 
loosely arranged groups. Cellularity in the cyto-
logic preparations from the nonneoplastic pituitary 
tissue is composed of a mixture of cell types, while 
adenomatous tissue yields a monomorphic cell 
population. Actual frozen section preparations 
from the pituitary tissue are more dif fi cult to assess 
due to the presence of technical artifacts. Cell cyto-
plasms may rupture during freezing and cutting 
of the tissue, resulting in a false impression of 

  Fig. 10.1    ( a ) Normal histologic appearance of anterior 
pituitary with cellular groups composed of a mixture of 
cell types (H&E, 100×); ( b ) Nested pattern of reticulin 
network in normal anterior pituitary (reticulin stain; 
100×); ( c ) Hyperplastic pituitary with irregular cell groups 
with relatively uniform cellularity (H&E; 100×); ( d ) 

Expanded and distorted reticulin pattern in hyperplastic 
pituitary (reticulin stain; 100×); ( e ) Pituitary adenoma 
with sheets of monotonous cells punctuated by focal areas 
of  fi brovascular stroma (H&E; 100×); ( f ) Completely 
wiped-out reticulin network of pituitary adenoma (reticu-
lin stain; 100×)       
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monomorphism. However, frozen sections may 
still prove useful in evaluating the architecture, i.e., 
preservation or loss of nesting pattern. The prepa-
ration of frozen sections should be avoided in cases 
where the search is for a microscopic adenoma of 
only a few millimeters, as it may be lost to section-
ing without a de fi nitive diagnosis. Therefore, com-
munication between the neurosurgeon and the 
neuropathologist, and familiarity with the radio-
logic  fi ndings are critical in terms of clarifying the 
expectations from the intraoperative consultation. 
Evaluation of surgical margins and capsular inva-
sion by the adenoma by intraoperative pathology 
consultation should be discouraged, as it usually 
yields equivocal results, as well as risking loss of 
diagnostic features in small tissue samples. 

 Immunohistochemically, pituitary adenomas 
in general are largely positive for synapto-
physin, chromogranin and keratin Cam 5.2, less 
so for pancytokeratin (AE1/AE3), and negative 
for cytokeratin 19 (O’Hara et al.  1998  ) . 
Immunohistochemistry for speci fi c hormones 
in nonneoplastic pituitary reveal positivity for a 
mixture of hormones, although one may pre-
dominate in hyperplasias. Adenomas, on the 
other hand and with the exception of null cell 
and plurihormonal adenomas, are usually posi-
tive for one type of hormone (see “speci fi c 
types of pituitary adenomas” below). Electron 
microscopy shows general features of neuroen-
docrine cells, i.e., secretory granules of variable 
sizes and numbers, as well as cytoplasmic 
intermediate  fi laments (Ghadially  1982  ) . These 
features may vary in different types of adenomas 
and some additional features diagnostic of cer-
tain types of adenomas can also be seen by 
electron microscopic examination; however, 
light microscopic evaluation, together with the 
current armamentarium of immunohistochemi-
cal markers and laboratory data, the diagnosis 
and classi fi cation of pituitary adenomas 
rarely require electron microscopic evaluation. 
Speci fi c pathologic features will be mentioned 
in the discussion of adenoma subtypes below. 

 Adenomas are arbitrarily divided into micro- 
and macroadenomas. Microadenomas are smaller 
than 1.0 cm. in greatest dimension and are usually 
contained within the sella. Macroadenomas tend 

to distend the sella, compress the nonneoplastic 
pituitary gland and may invade the surrounding 
structures. Approximately 5% of adenomas are 
familial with more than 50% of this group being 
associated with Multiple Endocrine Neoplasia 
Type 1 (MEN-1) syndrome and Carney’s Complex, 
while the remainder are familial isolated pituitary 
adenomas (FIPA) that are usually seen in a younger 
population and as larger adenomas (Daly et al. 
 2009  ) . Those adenomas associated with MEN-1 
and Carney’s Complex are also more commonly 
macroadenomas of growth hormone and/or pro-
lactin producing type (Scheithauer et al.  1987  ) . 
Although areas of hemorrhage and necrosis are 
common  fi ndings in pituitary adenomas, some 
adenomas undergo a rapid and extensive hemor-
rhagic infarction. This is called pituitary apoplexy 
and constitutes a neurosurgical emergency.  

   Classi fi cation 

 While pituitary neoplasms are classi fi ed by the 
World Health Organization (WHO) based on bio-
logic behavior into typical and atypical adenomas, 
and carcinoma, and are not of fi cially graded or 
coded based on the hormone types (Lloyd et al. 
 2004  ) , they are further examined according to 
their clinicopathologic and immunohistochemical 
features. Brie fl y, they are: Somatotroph adenoma 
(densely or sparsely granulated); mixed soma-
totroph-lactotroph adenoma; mammosomatotroph 
adenoma; acidophil stem cell adenoma; lactotroph 
adenoma (densely or sparsely granulated); thy-
rotroph adenoma; corticotroph adenoma (densely 
or sparsely granulated); gonadotroph adenoma; 
plurihormonal adenoma; null cell adenoma. 
Accurate classi fi cation of an adenoma requires 
work up with a panel of immunohistochemical 
stains, occasionally electron microscopic evalua-
tion, and correlation with clinical and other labo-
ratory features. Rarely, immunohistochemical 
markers are needed to identify the pituitary origin 
of the neoplasm (as discussed in “general patho-
logic features”) in cases where pathologic features 
are obscure or other entities enter the differential 
diagnosis. Otherwise, immunohistochemistry is 
directed towards identi fi cation of the hormone(s) 
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secreted by the adenoma for its subclassi fi cation. 
Immunophenotype correlates with the histogene-
sis and functional status of the adenoma. Pituitary 
transcription factor-1 (Pit-1) expression indicates 
somatotroph, mammotroph and thyrotroph differ-
entiation, along with the expression of growth 
hormone (GH), prolactin (PRL) and thyroid stim-
ulating hormone (TSH), respectively. T-box tran-
scription factor (Tpit) expression, together with 
adrenocorticotrophic hormone (ACTH), indicate 
corticotroph lineage. Steroidogenic factor-1 (SF-
1), as well as follicle stimulating hormone (FSH) 
and luteinizing hormone (LH), expression indi-
cates gonadotroph differentiation. Further details 
of immunohistochemical features will be dis-
cussed below under individual adenoma types.  

   Invasive Adenoma 

 Invasion by adenoma of the surrounding tissues 
such as dura mater, bone, into sphenoid sinus or 
nasopharynx mucosa, and cavernous sinus is 
considered a sign of aggressive growth 
(Fig.  10.2a ). It is common to  fi nd microscopic 
invasion of dura mater in the great majority of 
cases (Selman et al.  1986  ) , as long as represen-
tative specimen is available for evaluation. In 
spite of this seemingly aggressive growth pat-
tern however, metastases are rarely seen in these 
adenomas, making the association of invasive 
growth with aggressive biologic behavior some-
what debatable. Nonetheless, invasive adenomas 
are prone to cause problems associated with 
incomplete resections and recurrences. In gen-
eral, invasiveness appears to correlate with the 
size of the neoplasm (Sautner and Saeger  1991  ) . 
Rarely, an adenoma may grow exophytically 
from the pituitary gland to invade the bone, 
without forming an intrasellar mass or distort-
ing the pituitary gland (personal observation). 
In other instances such adenomas and others 
may present in an atypical manner imitating 
another lesion in the bone or upper respiratory 
tract. In still others, adenomas may arise from 
the ectopic pituitary tissue rests that remained 
along the development tract of the Rathke’s 
pouch (Lloyd et al.  1986  ) .   

   Atypical Adenoma 

 Typically, in pituitary adenoma, mitotic  fi gures are 
dif fi cult to  fi nd; Ki-67 is positive in approximately 
1% or less of the adenoma cell nuclei and p53 is 
negative or is limited to scattered nuclei. Pituitary 
adenoma with an increased mitotic rate (Fig.  10.2b ), 
greater than 3% proliferation index by Ki-67 
immunohisitochemistry (Fig.  10.2c ), and exten-
sive nuclear positivity by p53 immunohistochem-
istry is classi fi ed as atypical adenoma (Lloyd et al. 
 2004  ) . These “atypical” features attempt to iden-
tify those adenomas with a potentially more 
aggressive biologic behavior, including the poten-
tial to metastasize (Pernicone et al.  1997  ) .  

   Pituitary Carcinoma 

 Based on current knowledge, since no other fea-
tures appear to be reliable indicators of malig-
nancy, only those adenomas that metastasize are 
considered pituitary carcinomas. Metastases are 
to distant areas of the subarachnoid space and 
brain parenchyma, i.e., excluding direct invasion, 
or to extracranial sites, mainly lymph nodes, 
lung, liver and bone (Asa  1998  ) . Pituitary car-
cinoma is subject to the same immunohisto-
chemical classi fi cation applied to adenoma. The 
pituitary origin of a metastatic neoplasm may not 
be readily apparent, which necessitates additional 
markers to con fi rm the pituitary origin. Pituitary 
carcinoma is rare. In the German Pituitary Tumor 
Registry, approximately 0.14% of adenomas 
evaluated in a 10-year period quali fi ed as carci-
nomas (Saeger et al.  2007  ) . Its incidence was 
0.2% in Mayo Clinic series and showed a ten-
dency to develop from a pituitary adenoma with 
atypical features (Pernicone et al.  1997  ) .  

   Speci fi c Types of Pituitary Adenomas 

 These are adenomas classi fi ed according to their 
hormone production status. In addition to the 
mass effect common to adenomas in general, 
there are usually clinical features associated with 
their hormonal status. 
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 Growth hormone producing (somatotroph) 
adenoma constitutes 25–30% of all adenomas in 
surgical specimens (Kontogeorgos et al.  2004  ) . 
Densely granulated somatotroph adenoma has 
cells with abundant acidophilic cytoplasm and is 
diffusely and strongly positive for growth hor-
mone by immunohistochemistry. Approximately 
50% of these adenomas are also positive for 
alpha-subunit. Sparsely granulated somatotroph 
adenoma cells are relatively chromophobic with 
irregular nuclei and have a cytoplasmic  fi brous 
body that is positive for Cam 5.2. Staining for 
growth hormone is scant. Some somatotroph ade-
nomas also have an admixture of lactotroph cells, 
i.e., mixed somatotroph-lactotroph adenomas, 
consisting of a mixture of acidophilic and chro-
mophobic cells with immunoreactivity for growth 
hormone and prolactin in respective cell types. In 
contrast, mammosomatotroph adenoma is com-
posed of uniformly acidophilic cells that are 
immunohistochemically positive for both growth 
hormone and prolactin in the same cell. Acidophil 

stem cell adenoma is a rare type that is positive 
for prolactin. Staining for growth hormone is 
weakly positive, or negative. It has  fi brous bod-
ies, as well. In addition, the cells appear to have 
cytoplasmic vacuoles (Fig.  10.2d ) that corre-
spond to swollen, giant mitochondria seen by 
electron microscopy (Fig.  10.2d , inset). 

 Prolactin producing adenoma constitutes up 
to 26% of pituitary adenomas with its incidence 
in surgical specimens decreasing after the intro-
duction of medical treatment (Saeger et al. 
 2004  ) . The majority is sparsely granulated and 
has chromophobic or faintly acidophilic cyto-
plasm with a paranuclear Golgi pattern of pro-
lactin immunoreactivity, compared to the 
densely granular type with diffuse and strong 
positivity. Acidophil stem cell adenoma can also 
be considered together with prolactin producing 
adenomas due to its prolactin secretion. Medical 
treatment causes shrinkage of cells, resulting in 
smaller cells with hyperchromatic nuclei in a 
 fi brotic stroma. 

  Fig. 10.2    ( a ) Sheets of adenoma cells in fi ltrating the 
bone marrow areas to  encircle  the bone trabeculae in inva-
sive adenoma (H&E; 40×); ( b ) Increased mitotic activity 
( arrows ) in atypical adenoma (H&E; 200×); ( c ) Increased 
proliferation index in atypical adenoma (Ki-67 immuno-

histochemistry; 200×); ( d ) Acidophil stem cell adenoma 
with eosinophilic cytoplasm and with cytoplasmic vacu-
oles (H&E; 200×);  inset  shows the electron microscopic 
appearance of giant mitochondria corresponding to the 
vacuoles (magni fi cation bar 20  m m)       
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 TSH producing adenoma is rare, has 
 chromophobic cells that are variably positive for 
beta-TSH and alpha-subunit. It can be plurihor-
monal with additional growth hormone and/or 
prolactin secretion. (Osamura et al.  2004  ) . ACTH 
producing adenoma has basophilic or chro-
mophobic cells. The densely granulated ade-
nomas have more diffuse and stronger positivity 
for ACTH than sparsely granulated adenomas. 
In addition, some adenomas can have cytoplas-
mic cytokeratin accumulation and are called 
Crooke cell adenomas. The rapid growth in an 
ACTH producing pituitary adenoma after bilat-
eral adrenalectomy is Nelson’s syndrome. 
Gonadotropin producing adenoma can have a 
peculiar arrangement of cells around blood ves-
sels, trabecular or papillary architecture com-
posed of acidophilic or chromophobic cells. It is 
variably but usually focally and weakly positive 
for beta-FSH and beta-LH, and frequently for 
alpha-subunit. 

 Plurihormonal adenoma is an adenoma with 
secretion of more than one type of hormone. 
The special situations of growth hormone, pro-
lactin and TSH, as well as FSH and LH combi-
nations that are described above are now 
excluded from this category (Horvath et al. 
 2004  ) . Silent pituitary adenoma is an adenoma 
without clinical hormonal hyperfunction, but 
with immunohistochemical and ultrastructural 
evidence for hormonal activity. One particular 
type, silent subtype 3, is considered a silent 
plurihormonal adenoma with peculiar electron 
microscopic  fi ndings to con fi rm the diagnosis 
(Horvath et al.  2004  ) . On the other hand, null 
cell adenoma is an adenoma with no immuno-
histochemical and electron microscopic evi-
dence for hormone production and constitutes 
approximately 16% of adenomas (Kovacs et al. 
 1980  ) . Based on this strict de fi nition, its inci-
dence is decreasing due to the advances in the 
identi fi cation of hormones. It can have chro-
mophobic cells or variably-acidophilic cells, 
arranged in sheets or papillae with perivas-
cular arrangements. Some null cell adenomas 
contain abundant mitochondria and have cells 
with eosinophilic granular cytoplasms, i.e., 
oncocytomas.  

   Prognostic Factors 

 Even when only the data from pathologic exami-
nation are considered, it becomes obvious that a 
de fi nitive formula to predict biologic behavior is 
not available and the issue is complicated by mul-
tiple variables. Still, several characteristics that 
are pertinent to prognosis emerge based on the 
pathologic features outlined above. It is not pos-
sible for the neuropathologist to judge whether 
gross total resection has been achieved, or the 
size of the neoplasm, as the typical specimen is in 
the form of unoriented irregular fragments and no 
margin evaluation can be performed. Therefore, 
size and resection status can be better evaluated 
by the neurosurgeon and the neuroradiologist. 
Invasion of the surrounding structures can also be 
evaluated by imaging techniques, as well as intra-
operatively; however, this can be con fi rmed by 
pathologic evaluation only if representative tis-
sue is available. The de fi nition and signi fi cance 
of invasion in pituitary adenoma are somewhat 
variable. It has been suggested that only the inva-
sion that can be identi fi ed by the neurosurgeon or 
the neuroradiologist is clinically signi fi cant 
(Scheithauer et al.  1986  ) , while others attribute 
increased recurrences and decreased survival to 
even the microscopic dural invasion identi fi ed by 
the neuropathologist (Meij et al.  2002  ) . Invasion 
is seen more commonly in males with 56% of 
adenomas in male patients being invasive. In 
addition, invasion is more common in treated pro-
lactin producing adenomas (56%), ACTH ade-
nomas of Nelson’s syndrome (56%), silent ACTH 
adenomas of subtype 2 (75%), and silent subtype 
3 adenomas (92%) (Scheithauer et al.  2006  ) . 
Interestingly, functional adenomas, in spite of 
their earlier detection due to hormone secretion 
and smaller size at the time of diagnosis, tend to 
be more invasive compared to nonfunctional ade-
nomas (Scheithauer et al.  2006  ) . Atypical ade-
nomas, identi fi ed based on mitotic activity, 
increased proliferation rate and p53 positivity, 
have a poorer prognosis, as they are associated 
with rapid growth and more widespread invasion, 
and less of a chance of complete resection. They 
differ from pituitary carcinomas essentially by 
the absence of metastases (Lloyd et al.  2004  ) . 
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The prognosis of pituitary carcinoma is dismal, 
with the rate of systemic metastases being high-
est in prolactin producing adenomas (71%) and 
ACTH producing adenomas (57%) (Pernicone 
et al.  1997  ) . Although TSH producing adenomas 
are rare, they are frequently macroadenomas with 
invasive and aggressive growth pattern (Osamura 
et al.  2004  ) . Acidophil stem cell adenoma implies 
a worse prognosis, due to rapid growth rate and 
incomplete resection as a result of invasive growth 
(Horvath et al.  1981  ) . Apoplexy in a pituitary 
adenoma is an emergency and can be life-threat-
ening if surgical intervention and hormone 
replacement are not carried out (Asa  1998  ) .   

   Craniopharyngioma 

 Craniopharyngioma is a WHO Grade I neoplasm 
of the sellar/suprasellar region (Rushing et al. 
 2007  )  with an overall incidence of 0.13/100,000 
persons/year (Bunin et al.  1998  ) . It has a bimodal 
age distribution, being more common in 
5–14 years and 50–74 years of age, with 96% of 
cases seen between 0 and 14 years of age (Bunin 
et al.  1998  ) . There is also variation in age at pre-
sentation based on the histologic type; papillary 
craniopharyngioma is essentially exclusively 
seen in adults with a mean age of 44.7 years 
(Crotty et al.  1995 ; Weiner et al.  1994  ) . Clinical 
presentation is commonly with visual distur-
bances, endocrine disorders and increased intrac-
ranial pressure due to its mass effect, and with 
psychiatric disturbances due to interference with 
hypothalamic function (Shin et al.  1999  ) . This 
section will focus on the pathologic diagnosis 
and classi fi cation of craniopharyngioma, as well 
as the prognostic data that can be obtained from 
pathologic examination. 

   Pathologic Features 

 There are two histologic types of craniophar-
yngiomas: Adamantinomatous and papillary. 
The more common adamantinomatous cranio-
pharyngioma is a cystic neoplasm containing a 
dark brown, thick  fl uid described as “machinery 

oil”. Cyst lining is irregular and friable. Pearly 
white  fl ecks of keratinized material can be 
identi fi ed in the solid areas or  fl oating within 
the cyst contents. The lesion is well-circum-
scribed and may give the false impression that 
it is surrounded by a capsule. It can grow into 
the sella turcica and/or superiorly, with push-
ing margins with the brain and other surround-
ing structures. Microscopic examination 
reveals a peculiar squamous epithelium in 
islands and in interconnecting trabeculae, 
admixed with variable amount of keratin. The 
epithelial islands are surrounded by basaloid 
cells with minimal amount of cytoplasm, 
arranged in a palisading pattern. The squamous 
cells inside the islands have more prominent 
cytoplasm and are stellate or even spindled. 
They form loosely-textured , discohesive areas 
referred to as “stellate reticulum”, where it is 
dif fi cult to appreciate their epithelial nature. 
Small groups of squamous cells with eosino-
philic cytoplasm can be identi fi ed in this back-
ground of stellate reticulum (Fig.  10.3a ). This 
squamous epithelium lacks the granular layer 
and the  fl aky keratin. Admixed with the cellular 
areas or piled up on the epithelial surface are 
bright eosinophilic aggregates of anuclear 
ghost cells and keratin in a syncytial arrange-
ment. They are called “wet-keratin” due to 
their thick, waxy quality (Fig.  10.3b ), in con-
trast to the  fl aky keratin seen in other keratiniz-
ing squamous lesions. Calci fi cation is common. 
Stroma is  fi brotic and may show chronic 
in fl ammation. Cholesterol crystals are part of 
the cyst content and result in cholesterol 
clefts on tissue sections. They can be identi fi ed 
on direct, un fi xed and unstained smears of the 
cyst  fl uid by polarized light examination. In 
spite of its well-circumscribed appearance, 
adamantinomatous craniopharyngioma tends 
to push into the brain parenchyma with broad 
 fi nger-like extensions. It is common to  fi nd 
piloid gliosis in the surrounding brain tissue, 
usually with abundant Rosenthal  fi bers, creat-
ing a pitfall for the neuropathologist especially 
during intraoperative consultations, as similar 
changes can also be seen in pilocytic astrocy-
toma and as suprasellar-hypothalamic location 
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is also a common site for pilocytic astrocytoma. 
Otherwise, frozen sections show features simi-
lar to those described above. Smear prepara-
tions reveal  fl at sheets of squamous epithelium 
and wet keratin.  

 Papillary craniopharyngioma also forms a 
well-circumscribed mass lesion, usually growing 
superiorly into the third ventricle. It typically 
does not have the grossly cystic appearance with 
the “machinery oil”  fl uid, but rather, it appears 
solid due to compact pseudopapillary architec-
ture. It is relatively easily separated from the 
adjacent neuroglial tissue in contrast to adaman-
tinomatous craniopharyngioma. Histologically, 
the  fi brovascular stroma is lined by strati fi ed 
squamous epithelium of variable thickness, form-
ing solid sheets amongst the stromal fronds 
(Fig.  10.3c ). Keratinization, calci fi cation, promi-
nent peripheral palisading of basaloid cells, and 

stellate reticulum are not present. Fibrovascular 
stroma can have chronic in fl ammatory in fi ltrate. 
Epithelium may contain scattered columnar, 
 ciliated or mucinous cells. 

 Although clinicopathologic features of cran-
iopharyngioma are distinctive enough and its 
diagnosis does not pose a problem in the great 
majority of cases, immunohistochemical char-
acteristics can be useful in some situations. 
Craniopharyngiomas are positive for carcino-
embryonic antigen (CEA) and various keratin 
subtypes; however, the differential expression 
of keratin subtypes has not been found useful in 
its differential diagnosis from xanthogranuloma 
and Rathke’s cleft cyst, the two other cystic 
lesions in the region, due to signi fi cant overlap 
in expression patterns (Tateyama et al.  2001 ; Le 
et al.  2007  ) . Of note is the identi fi cation of 
nuclear beta-catenin in 94% of adamantinomatous 

  Fig. 10.3    ( a ) Adamantinomatous craniopharyngioma with 
cellular areas showing loosely-textured stellate reticulum, 
groups of squamous cells with eosinophilic cytoplasm, 
and peripheral palisading ( left side ), wet keratin and 
calci fi cations ( right side ) (H&E; 100×); ( b ) Adamantino-
matous craniopharyngioma with cellular areas ( right side ) 
and wet keratin ( left side ) (H&E; 200×); ( c ) Papillary 

craniopharyngioma composed of  fi brovascular areas  lined  
by squamous epithelium merging to form solid sheets in 
some areas (H&E; 40×); ( d ) A composite neoplasm with 
intermingled areas of pituitary adenoma ( left side ) and 
adamantinomatous craniopharyngioma ( upper right ) 
(H&E; 200×)       
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craniopharyngiomas, while this feature was not 
observed in any of the lesions that enter the 
differential diagnosis, including papillary cran-
iopharyngioma (Buslei et al.  2005  ) .  

   Prognostic Factors 

 Although craniopharyngiomas are WHO Grade 
I neoplasms, prognostic data that can be 
obtained by pathologic evaluation are not well-
detailed. Whether papillary craniopharyngioma 
implies a better prognosis is debatable. Lower 
recurrence rates, and therefore, better prognosis 
have been reported for papillary craniopharyn-
gioma (Adamson et al.  1990 ; Tavangar et al. 
 2004  ) ; however, this has not been a consistent 
conclusion (Crotty et al.  1995  ) . While the lower 
recurrence, where identi fi ed, was attributed to 
gross total recurrence (Weiner et al.  1994  ) , oth-
ers reported it as an independent factor 
(Tavangar et al.  2004  ) . P53 immunoreactivity 
was signi fi cantly related to recurrence and 
regrowth (Tena-Suck et al.  2006  ) . Cell prolif-
eration index initially appeared promising to 
identify more aggressive craniopharyngiomas 
(Nishi et al.  1999 ; Izumoto et al.  2005  ) ; how-
ever, no correlation between proliferation index 
and recurrence rate was subsequently con fi rmed 
by others, whether it was similar between histo-
logic types (Losa et al.  2004  )  or was higher in 
adamantinomatous than in papillary cranio-
pharyngioma (Tena-Suck et al.  2006  ) . In addi-
tion, immunohistochemical expressions of 
estrogen and progesterone receptors correlated 
with both lower Ki-67 proliferation index and 
lower recurrences (Izumoto et al.  2005  ) . It has 
been suggested that higher microvessel density 
and vascular endothelial growth factor (VEGF) 
play a role in prognosis (Vidal et al.  2002  ) . 
Malignant transformation is rare, is in the form 
of squamous cell carcinoma mainly after radia-
tion treatment, and is associated with short sur-
vival (Rodriguez et al.  2007  ) . Metastasis 
through cerebrospinal dissemination or inad-
vertent implantation to distant sites can be seen, 
but is a rare occurrence, and has been reviewed 
in detail (Frangou et al.  2009  ) .   

   Origins of Pituitary Adenoma 
and Craniopharyngioma 

 Although a rare occurrence, pituitary adenoma 
and craniopharyngioma are known to coexist in 
some cases, either as separate areas in an appar-
ent collision tumor (Karavitaki et al.  2008  ) , or in 
an intermingled manner (Fig.  10.3d ), an even 
rarer event (Gokden and Mrak  2009  ) . Pituitary 
tissue and pituitary adenoma can clearly undergo 
squamous metaplastic change in response to irra-
diation (Nishioka et al.  2002  )  or necrosis (Kepes 
et al.  1982  ) . In addition, nuclear positivity for 
beta-catenin has been shown by immunohis-
tochemistry in the seemingly transitional squam-
oid areas of the pituitary adenoma in an 
intermingled pituitary adenoma and craniophar-
yngioma case (Gokden and Mrak  2009  ) . These 
observations suggest, at least in some cases, the 
presence of a common precursor cell for both of 
these neoplasms and/or a potential in the cells of 
either or both of these neoplasms to undergo 
metaplastic transformation towards the other. 
This is not surprising given the embryologic ori-
gins of anterior pituitary from the Rathke’s pouch 
and the apparent metaplastic development of the 
squamous cell nests in pars tuberalis from ante-
rior pituitary cells (Asa et al.  1983  ) .      
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  Abstract 

 The recently recognized higher prevalence of 
pituitary tumours presents a challenge for 
endocrinologists and health-care resource pro-
viders in terms of diagnostics and therapy. The 
majority of pituitary tumors arise sporadically 
as anterior pituitary adenomas but approxi-
mately 5% can be attributed to a familial syn-
drome. The clinical and genetic characteristics 
of familial pituitary adenomas have been well 
portrayed in multiple endocrine neoplasia type 
1 (MEN 1) and Carney complex (CNC). 
Recently, familial cases of pituitary tumours 
that were unrelated to MEN 1 or CNC were 
described under the clinical de fi nition of 
familial isolated pituitary adenomas (FIPA). 
In 15–20% of FIPA patients, mutations in the 
 AIP  gene can be found. As clinical treatment 
in FIPA kindreds with  AIP  mutations and in 
MEN1 cases with pituitary adenomas can be 
challenging compared with sporadic cases, the 
issues of when and how best to screen subjects 
genetically, hormonally and radiologically 
have become increasingly prominent.      

   Introduction 

 Pituitary adenomas represent a diverse group of 
predominantly benign tumours whose compara-
tively high prevalence in general population con-
tinues to provoke signi fi cant interest among 
endocrinologists and neurosurgeons. According 
to the last report of the Primary Brain and Central 
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Brain Tumour Registry of the United States  (  2010  )  
they are the third most common form of brain 
neoplasia comprising 12.7% of all brain tumours 
by histology type and the second most common 
entity (25.4%) in young adults (20–34 years). 
Historically there has been a controversy concern-
ing their prevalence in general population as 
autopsy and radiological series reported  fi gures 
for incidentally-found pituitary adenomas as high 
as 14.4 and 22.5% respectively (Ezzat et al.  2004  )  
while some older epidemiological studies esti-
mated their prevalence rates as 19–28 cases per 
100,000 inhabitants (Davis et al.  2001  ) . Two 
recent community-based cross-sectional studies 
in the Belgian province of Liege (Daly et al. 
 2006b  )  and in Banbury, UK (Fernandez et al. 
 2010  ) , however, suggest that clinically apparent 
pituitary adenomas may occur as frequently as 94 
and 77.6 cases per 100,000 people respectively. 
These results indicate that the true prevalence of 
clinically relevant pituitary adenomas may have 
been underestimated previously. 

 The majority of pituitary adenomas occur spo-
radically and only 5% arise in a familial setting; 
familial acromegaly has been described for well 
over a century (Erdheim  1903  ) . Hereditary pituitary 
adenomas develop as a part of the distinct endo-
crine tumour syndromes: Multiple Endocrine 
Neoplasia type 1 (MEN1) and Carney Complex 
(CNC). The culprit gene in MEN1,  MEN1 , was 
identi fi ed in 1997 (Chandrasekharappa et al. 
 1997  )  and by 2008 approximately 565 different 
mutations were reported (Lemos and Thakker 
 2008  ) . In 1985 Carney et al.  (  1986  )  described a 
new multiple tumour syndrome (CNC) that pre-
sented infrequently with familial acromegaly. 
Genetic research has linked almost 70% of cases 
with Carney complex to mutations in the gene for 
type A regulatory subunit of protein kinase A 
(PRKAR1A) (Kirschner  2010  ) . By the end of 
1990s, however, signi fi cant numbers of patients 
had accumulated who had familial pituitary 
tumours without mutations in either  MEN1  or 
 PRKAR1A  genes. A new condition, termed 
Familial Isolated Pituitary Adenomas (FIPA) was 
coined to describe these families (Valdes Socin 
et al.  2000  ) . Mutations in the  aryl hydrocarbon 
receptor interacting   protein  ( AIP ) gene were 

reported in FIPA patients (Vierimaa et al.  2006  ) , 
but account for about 15–20% of all patients with 
this disorder; therefore the search for other 
genetic causes is still ongoing.  

   Multiple Endocrine Neoplasia 
Type 1 (Men 1) 

 Multiple endocrine neoplasia type 1 (MEN 1) is a 
rare autosomal dominant condition with high 
penetrance and no sex predominance. It is char-
acterized by the occurrence of primary hyper-
parathyroidism, enteropancreatic neuroendocrine 
tumours and pituitary adenomas; other associated 
non endocrine tumors can occur. Sporadic and 
familial forms have been described; the  fi rst 
presenting with pathology in at least two of the 
three principle endocrine glands and the second 
is de fi ned as a MEN 1 case plus a  fi rst degree 
relative with one of these three tumours. 
Parathyroid adenomas are usually the  fi rst clinical 
manifestation of the disorder and affect as many 
as 95% of patients by the age of 50 (Falchetti 
et al.  2008  ) . Diagnosed in 35–80% of patients, 
pancreatic islet cell tumours are the second most 
common presentation of MEN1 and are mostly 
characterized by excessive hormone production 
leading to marked clinical symptoms. Gastrinomas 
causing Zollinger-Ellison syndrome account for 
nearly a half of pancreatic lesions in MEN1 and 
due to multiple peptic ulcers and a large propor-
tion of malignant tumours they represent one of 
the major causes for mortality and morbidity in 
this condition (Marini et al.  2006  ) . The preva-
lence of pituitary tumours in MEN1 varies widely 
from 10 to 60% in the different studies and they 
are the  fi rst clinical manifestation of the disease 
in up to 25% of patients (Falchetti et al.  2008  ) . 
However, only 2.7% of pituitary adenomas can 
be attributed to MEN 1 (Scheithauer et al.  1987  ) . 
Pituitary pathology is much more prevalent in 
familial MEN 1 cases compared to non-familial 
ones. Also, women with MEN 1 have an increased 
predisposition to having a pituitary adenoma. 
Nearly all types of pituitary tumours have been 
reported, with prolactinomas being the most fre-
quent, but the proportions of prolactin-secreting, 
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GH-secreting, ACTH-secreting and non-functional 
adenomas remain similar in MEN 1 cases and 
sporadic populations (Verges et al.  2002  ) . 
Pituitary tumours in MEN 1, however, appear to 
be larger and more aggressive than their sporadic 
counterparts and macroadenomas comprise 
approximately 85% of them compared to only 
42% of non-MEN 1 pituitary adenomas. This is 
probably one of the reasons why MEN 1 pituitary 
tumours are more likely to cause compression 
related symptoms. This tendency for aggressive-
ness is especially well observed in MEN 1 
prolactinomas where the proportion of macroad-
enomas reaches 84% in contrast to the general 
population where microadenomas are the pre-
dominant prolactinoma phenotype (Daly et al. 
 2009  ) . Response to therapy is also signi fi cantly 
lower in MEN 1 related pituitary tumours as only 
42% of them achieve hormone normalization in 
contrast to sporadic functional pituitary adenomas 
where almost 90% of patients can be successfully 
treated (Verges et al.  2002  ) . Apart from these 
three main types of neoplasms, over 20 other 
endocrine and non-endocrine tumours have been 
described in association with MEN 1. These 
include the less common carcinoid tumours and 
adrenal cortical tumours, usually non-secreting, 
as well as various inactive benign lesions such as 
lipomas, facial angio fi bromas and collagenomas. 

 Genetic studies for loss of heterozigoty 
have linked the responsible gene to a locus on 
chromosome 11q13 (Larsson et al.  1988  ) . The 
gene itself was cloned several years later 
(Chandrasekharappa et al.  1997  )  and consists of 
10 exons, encoding a 610 amino acid protein, 
called menin.  MEN1  is generally considered to act 
as a tumour suppressor gene and its transcript – 
menin has been shown to interact with a variety 
of proteins that take part in transcriptional 
regulation, genome stability, cell proliferation 
and apoptosis. Localized predominantly in the 
nucleus, menin suppresses Jun- and NF- k B-
mediated transcriptional activation, participates 
in the regulation of transforming growth factor- b  
(TGF- b ) signaling pathways by interacting with 
Smad family of proteins, regulates the expres-
sion of cyclin-dependant kinase inhibitors genes 
p27 and p18 by being a component in histone 

methyltransferase complexes, inhibits cell 
proliferation through interacting with the activator 
of S-phase kinase (ASK), maintains stable gene 
expression by controlling genome stability and 
DNA replication and repair (Lemos and Thakker 
 2008  ) . Further more, numerous menin binding 
sites in chromatin were identi fi ed, many of them 
being not only within promoter regions, but also 
inside 3’ end of genes as well as introns. However, 
none of the numerous menin functions has been 
proven  critical in MEN1 tumorigenesis. A recent 
study demonstrated overexpression of transcrip-
tional factor HLXB9 in pancreatic islet cells in 
the absence of menin (Scacheri et al.  2006  ) , 
implicating the possibility that preferential 
targeting of speci fi c genes by menin in endocrine 
tissue may explain the tendency for endocrine 
tumour formation. A pituitary speci fi c function 
of menin is the interaction with activin – a nega-
tive regulator of prolactin, growth hormone and 
corticotropine secretion and pituitary cell prolif-
eration, mediated through the inhibition of  Pit-1  
gene expression (Hendy et al.  2005  ) . 

 Mutations in  MEN1  gene are spread throughout 
the whole coding sequence and include 41% 
frameshift deletions, 23% nonsense mutations, 
20% missense mutations, 9% splice-site muta-
tions, 6% in-frame deletions and 1% whole gene 
deletions (Lemos and Thakker  2008  ) . The major-
ity of them lead to synthesis of truncated protein. 
The impact of the lack of menin on MEN 1 tum-
origenesis has been studied in specially developed 
knockout mouse models. Homozigous animals 
( MEN1  −/− ) die early in embryonic phase with 
severe developmental defects in many organs 
while heterozygous mice ( MEN1  +/− ) develop 
parathyroid adenomas and carcinomas, pancreatic 
islet cells tumours, pituitary adenomas and various 
other types of neoplasia, thus providing a model 
for human MEN 1 disease. Pituitary pathology in 
these animals is con fi ned mainly to prolactinomas 
and somatotropinomas with a large proportion of 
malignant cases (Lemos and Thakker  2008  ) . 

 So far no evident genotype-phenotype correla-
tions have been observed although few kindreds 
with prevailing prolactinomas have been reported in 
Canada and Tasmania. Mutations in  MEN1  are also 
detected in one third of sporadic enteropancreatic 
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tumours and 20% of sporadic parathyroid 
adenomas but they seem to be extremely rare in 
sporadic pituitary adenomas although loss of 
heterozygoty in locus 11q13 has been proven for 
up to 30% of them (Daly et al.  2009  ) .  

   Multiple Endocrine Neoplasia 
Type 4 (Men 4) 

 Despite the large number of identi fi ed mutations 
in coding regions of  MEN 1  gene, DNA tests still 
fail to detect anomalies in more than 20% of 
patients with clinical characteristics of the disease. 
This may be due to mutations within introns or 
promoter regions or may also imply the involve-
ment of other genes in the development of 
MEN 1-like conditions. Recently a mutation in 
 CDNK1B  gene, coding cycline-dependant kinase 
inhibitor p27 Kip1 , was identi fi ed in rats with MEN 
1-like symptoms (Pellegata et al.  2006  ) . The animals 
presented with numerous neuroendocrine tumours 
like pheochromocytoma, medullary thyroid car-
cinoma, parathyroid adenomas, pancreatic 
hyperplasia and pituitary adenomas. In humans 
 CDNK1B  gene is located on chromosome 12p13 
and its product p27 Kip1  plays an important role in 
cell cycle regulation by inhibiting cyclin/CDK 
complexes. Interestingly, pituitary adenomas 
originating from the intermediate lobe are the 
only tumours that develop spontaneously in 
homozygous p27 Kip1−/−  mice. Although mutations 
in human  CDKN1B  gene are con fi rmed in only 
 fi ve families the condition was accepted as a new 
syndrome and called MEN 4. The  fi rst registered 
case was documented in a German kindred exhib-
iting familial acromegaly, primary hyperparathy-
roidism, renal angiomyolipoma and testicular 
cancer among various members. Genetic testing 
revealed a nonsense mutation in  CDKN1B  gene 
in the absence of any detectable pathology in 
 MEN1  gene (Pellegata et al.  2006  ) . Soon after, a 
heterozygous germline frameshift mutation of 
 CDKN1B  gene was reported in another MEN1-
like case, negative for  MEN1  mutations, – a 
Dutch female patient with small-cell cervical 
carcinoma, ACTH-secreting pitui-tary adenoma 
and hyperparathyroidism. More recently, three 

novel mutations were identi fi ed in MEN1-like 
cases presenting with parathyroid and other 
endocrine tumours but without pituitary lesions 
(Agarwal et al.  2009  ) . Mutations in CDKN1B 
gene are, however, found in less than 3% of 
patients with presumable MEN1 phenotypes, 
negative for MEN1 muatations, which suggests 
that other genetic factors may also be involved. 
(Pellegata et al.  2006 ; Agarwal et al.  2009  ) .  

   Carney Complex 

 Carney Complex (CNC) is another autosomal 
dominant condition that is associated though 
infrequently with familial pituitary pathology, 
mainly acromegaly. The disease is characterized 
by spotty skin pigmentations, myxomas, endo-
crine hyperactivity and schwannomas and since 
the description of the  fi rst cohort of patients in 
1985 (Carney et al.  1986  )  more than 500 patients 
have been reported in the largest database 
(Boikos and Stratakis  2007  ) . Approximately 
70% of cases with CNC present in a familial trait 
with slight female predominance. Benign skin 
lesions are the most common clinical manifesta-
tion of the disease and include lentigenes, cuta-
neous or mucosal myxomas, blue nevi and 
café-au-lait spots. Cardiac myxomas are the 
most frequent non-cutaneous lesions in CNC 
and account for more than a half of the disease-
speci fi c mortality. Endocrine abnormalities are 
observed in approximately a third of CNC 
patients and are mainly due to Cushing’s syn-
drome caused by primary pigmented nodular 
adrenocortical disease (PPNAD). Less common 
endocrine presentations include large cell calci-
fying sertoli cell tumours (LCCSCTs) and benign 
or malignant thyroid nodules (Boikos and 
Stratakis  2007  ) . Pituitary adenomas occur with 
an incidence of 10–12% of CNC patients and 
usually cause acromegaly or gigantism depend-
ing on the age of onset but at least one family 
with prolactinomas has also been reported 
(Kirschner  2010  ) . A distinguishing feature of 
GH-secreting tumours in CNC is multifocal 
hyperplasia of somatomammotrope cells amidst 
normal pituitary tissue. This  fi nding, together with 
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the elevations in GH and IGF 
1
  levels as well as 

mild hyperprolactinemia that can be detected in 
almost 75% of patients, suggests that acro-
megaly in CNC may develop insidiously from 
pituitary hyperplasia to overt adenoma. 

 Inactivating mutations in the gene for type 
1A regulatory subunit of protein kinase A 
( PRKAR1A ), located on chromosome 17q22–24, 
have been identi fi ed in over 70% of patients 
with CNC. Unlike MEN 1, however, CNC is 
probably genetically heterogeneous as a second 
locus on chromosome 2p16 has been implicated 
although speci fi c genetic alterations still have to 
be con fi rmed in affected families (Boikos and 
Stratakis  2007  ) . As in MEN 1, no somatic muta-
tions in  PRKAR1A  gene have been documented 
in sporadic pituitary tumours. Protein kinase A 
(PKA) is a cAMP-dependant protein kinase 
composed of two regulatory and two catalytic 
subunits and is a component of a wide scope of 
metabolic and regulatory pathways involved in 
cell proliferation, transcription and apoptosis. 
The majority of  PRKAR1A  gene mutations lead 
to premature stop codon generation and subse-
quent nonsense mRNA degradation. The loss of 
type 1A regulatory subunits disrupts the balance 
in PKA tetramer formation and induces release 
of free catalytic subunits resulting in increased 
cAMP-dependant kinase activity in affected tis-
sues (Robinson-White et al.  2006  ) . In pituitary 
cells the stimulation of GHRH receptor by its 
ligand leads to GH synthesis and release through 
the PKA pathway and its speci fi c activation 
in CNC may result in GH hypersecretion in 
the absence of physiologic signals. Complete 
knockout of  PRKAR1A  gene in mice severely 
impairs cardiac morphogenesis and is lethal 
during early embryogenesis while heterozygous 
 PRKAR1A   +/−   animals, despite exhibiting many 
of the tumour lesions observed in humans with 
CNC, fail to develop any signi fi cant pituitary 
pathology. Tissue-speci fi c ablation of  PRKAR1A  
gene in mice, however, induces gradual devel-
opment of pituitary tumours with biochemical 
features, quite similar to CNC-related acromeg-
aly in humans, e.g. GH hypersecretion with slow 
progression from hyperplasia to adenoma 
(Kirschner  2010  ) .  

   Familial Isolated Pituitary 
Adenomas (FIPA) 

 Familial isolated pituitary adenomas (FIPA) repre-
sent a recently de fi ned hereditary syndrome char-
acterized by familial occurrence of pituitary 
tumours of any functional type in the absence of 
clinical and genetic features of MEN 1 and CNC 
(Beckers and Daly  2007  ) . Since its  fi rst descrip-
tion at the end of the last century (Valdes Socin 
et al.  2000  )  active research and increased recogni-
tion has led to the identi fi cation of more than 200 
families with this disorder (Chahal et al.  2010  ) . 
However, FIPA is estimated to account only for 
2.5% of all pituitary tumours, a proportion similar 
to MEN 1 (Daly et al.  2006a  ) . Genealogical data 
from affected kindreds indicates autosomal 
dominant mode of inheritance with incomplete 
penetrance. Tumour phenotype within individual 
FIPA families may present in homogeneous 
manner with all affected members exhibiting the 
same adenoma type, or heterogeneously when 
different pituitary tumours arise within the kindred. 
All functional types of pituitary tumours may be 
associated with this condition but prolactin- or 
GH-secreting adenomas are almost inevitably 
present in affected families. Prolactin-secreting 
adenomas are the most common phenotype and 
comprise about 40% of all FIPA tumours Sexual 
predisposition, age of presentation and proportion 
of microadenomas are similar to sporadic pro-
lactinomas. In heterogeneous FIPA families, how-
ever, they exhibit more aggressive behavior with 
signi fi cantly higher rates of suprasellar extension 
and cavernous sinus invasion. GH-secreting ade-
nomas account for 30% of FIPA tumours and 
somatoprolactinomas are responsible for another 
7% of them. They are equally distributed between 
homogeneous and heterogeneous families but, 
unlike FIPA prolactinomas, somatotropinomas are 
more aggressive when occurring in a homoge-
neous setting. In homogeneous FIPA, acromegaly 
is usually diagnosed 10 years earlier with tumours 
more frequently displaying extracellar growth 
compared to heterogeneous kindreds and sporadic 
populations (Beckers and Daly  2007  ) . Acromegaly 
in FIPA patients also appears to respond poorly to 
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somatostatin analogue therapy (Leontiou et al. 
 2008  ) . Non-secreting adenomas, predominantly 
associated with heterogeneous families, arise in 
13% of FIPA patients and are also characterized 
by more aggressive evolution, being diagnosed 
earlier and exhibiting more invasive properties 
than sporadic adenomas. Gonadotropinomas, 
corticotropinomas and thyreotropinomas account 
for 4, 4 and 1% of FIPA tumours respectively and 
are usually associated with other adenoma types 
in heterogeneous kindreds although individual 
families with homogeneous presentation have 
been reported (Beckers and Daly  2007  ) . 

 In 2006 a detailed genome-wide screening in 
search for potential genes involved in familial ade-
noma tumorigenesis implicated that inactivating 
mutations in the gene coding aryl hydrocarbon 
receptor interacting protein ( AIP ) could be respon-
sible for familial acromegaly and prolactinomas in 
large Finnish kindreds (Vierimaa et al.  2006  ) . Loss 
of heterozygoty at the  AIP  locus in tumour tissue 
from affected patients indicates that  AIP  gene may 
experience a tumour suppressor function. In the 
largest cohorts of FIPA patients mutations in  AIP  
gene can be found in approximately 22% of all 
cases and in 40% of families with acromegaly 
occurring in a homogeneous FIPA setting (Beckers 
and Daly,  2007;  Chahal et al.  2010  ) . Though quite 
infrequently, patients with sporadic pituitary 
tumours also seem to harbour  AIP  mutations 
with the majority of them having acromegaly. 
Within FIPA families,  AIP  mutation carriers are 
signi fi cantly younger at diagnosis and tend to have 
larger tumours than patients with normal  AIP  
sequence (Daly et al.  2007  ) . Contrary to the overall 
female predominance in FIPA, they are mostly men 
(71%) and usually present with somatotropinomas 
or somatoprolactinomas (86%) (Cazabat et al. 
 2009  ) . There also exists some  discrepancy in terms 
of clinical characteristics and histology results in 
tumours positive for  AIP  mutations as somatotropi-
nomas are stained not only for GH but in a third of 
cases for prolactin and infrequently for FSH 
(Beckers and Daly  2007  ) . 

 The  AIP  gene is ubiquitously expressed in var-
ious tissues throughout the body and in normal 
pituitary it is associated with secretory granules 
in somatotrope and lactotrope cells. In sporadic 

pituitary adenomas, however,  AIP  is expressed in 
all tumour types but in prolacatinomas, non-
secreting adenomas and corticotropinomas it 
can only be identi fi ed in the cytoplasm whereas 
in somatotropinomas it is localized within 
secretory vesicles (Leontiou et al.  2008  ) . The exact 
pathophysiological mechanisms that are involved 
in pituitary tumorigenesis caused by  AIP  muta-
tions still remain unknown. Homozygous  AIP   −/−  
knockout mice develop severe cardiovascular 
abnormalities that are incompatible with life while 
heterozygotes (AIP +/− ) exhibit no pituitary pathol-
ogy. The gene itself consists of 6 exons and 
encodes a 330 aminoacid protein which C-terminal 
end is required for binding to the aryl hydrocar-
bon receptor (AhR).  This receptor acts as ligand-
inducible transcription factor and modulates 
cellular responses to various toxic environmental 
substances, such as dioxins (Beckers and Daly 
 2007  ) . In the absence of ligands the AhR couples 
to a dimer of the 90 kDa heat shock protein 
(HSP90), acting as chaperone, and AIP and p23 
proteins, acting as co-chaperons, to form a multi-
protein complex in the cytoplasm (Kazlauskas 
et al.  1999  ) . The activation of the complex by its 
xenobiotic ligand results in nuclear translocation 
where AhR binds to the aryl hydrocarbon receptor 
nuclear translocator (ARNT) and promotes the 
transcription of speci fi c genes coding various drug 
metabolizing enzymes as well as other proteins 
such as the cyclin dependant kinase inhibitor 
p27 Kip1 . The role of AIP in the regulation of AhR 
activity is not quite clear, but it seems to partici-
pate in the stabilization and the cytoplasmic 
retention of the complex by an yet unknown 
mechanism. Data on the effect of AhR activation 
on cell proliferation are controversial but recently 
it was shown that reduced AIP expression in 
pituitary adenomas, positive for AIP mutations, is 
associated with decreased AhR activity, suggesting 
an inhibitory function of AhR in pituitary tumori-
genesis (Jaffrain-Rea et al.  2009  ) . Further more, 
AIP overexpression in cell cultures including 
pituitary cell lines slows down cell proliferation 
rates (Leontiou et al.  2008  ) . Another possible 
pathophysiological link between AIP and pitui-
tary tumorigenesis lies in the interaction with two 
speci fi c types of phosphodiesterases – PDE4A5 
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and PDE2A. These enzymes inactivate cyclic 
nucleotides like cAMP by disrupting the phos-
phodiester bond in their molecules and thus they 
may participate in the regulation of the various 
signaling pathways utilizing cAMP as intracellu-
lar second messenger, including the GHRH recep-
tor cascade in pituitary cells. The interaction of 
AIP with PDE4A5, however, inhibits enzyme 
activity with resultant increase in cAMP concen-
tration and it currently remains unclear if a tumour 
suppressor effect can be achieved in this way as 
cAMP overproduction is usually associated with 
pro-oncogenic outcomes. Binding to PDE2A 
interrupts the nuclear translocation of the AhR 
complex possibly by local reduction in cAMP lev-
els (Oz fi rat and Korbonits  2010  ) . Very recently 
the tyrosine kinase receptor encoded by the  RET  
protooncogene was identi fi ed as a novel binding 
partner of AIP in pituitary cells. Depending on the 
presence or the absence of its speci fi c ligand – glial 
cell line-derived neurotropic factor (GDNF) – 
RET promotes cell growth and migration or 
induces apoptosis respectively. More over, the 
domain responsible for the proapoptotic activity 
is the same that is responsible for AIP interaction. 
This RET-AIP binding presumably prevents the 
formation of a complex between AIP and sur-
vivin – a recently recognized apoptosis inhibitor 
and cell cycle regulator. Without the stabilizing 
role of AIP, survivin is put to rapid degradation 
with consequent increase in apoptosis (Vargiolu 
et al.  2009  ) . In vitro studies, however, have failed 
to con fi rm that some missense AIP mutations 
could disrupt the association with RET (Chahal 
et al.  2010  )  and although it may be tempting to 
accept a more essential role of such interaction in 
pituitary tumorigenesis its true relevance remains 
ques tionable. Apart from stabilizing the AhR 
complex, AIP may also bind to a set of nuclear 
receptors including the peroxysome proliferator-
activated receptor  a  (PPAR a ), the glucocorticoid 
receptor, and  b -thyroid hormone receptor 1 (TR b 1). 
Further more, it has been proposed a role in virus 
induced tumorigenesis as a potential partner of 
hepatitis B virus X antigen and Epstein-Barr virus-
encoded nuclear antigen 3 (EBNA-3)(Oz fi rat and 
Korbonits  2010  ) . The outcomes of these interac-
tions, however, still remain to be fully elucidated. 

 To date, more than 50 different mutations have 
been identi fi ed throughout the sequence of  AIP  
gene and approximately 70% of them disrupt the 
C-terminal end of AIP polypeptide chain that is 
essential for protein-protein interactions. Nonsense 
and frameshift mutations lead to premature stop 
codons with resultant truncated protein while mis-
sense mutations tend to affect the TPR domains and 
the terminal  a -helix. Several mutations like R304, 
R271 and R81 are reported in independent FIPA 
families from different centers indicating possible 
mutational hotspots in the  AIP  gene while the Q14X 
mutation, though common in Finnish FIPA kin-
dreds, has not been identi fi ed elsewhere suggesting 
possible founder effect (Oz fi rat and Korbonits 
 2010  ) . So far no genotype-phenotype correlations 
have been reported in FIPA families harbouring AIP 
mutations although some observations may imply a 
less aggressive character for mutations with con-
served C-terminal part of AIP (Cazabat et al.  2009  ) . 
Families with marked heredity for pituitary tumours, 
however, may lack mutations in  AIP  gene which is 
a strong indicator that other genetic disruptions may 
also be involved in FIPA development.  

   Management of Familial Pituitary 
Adenomas 

 Treatment of pituitary tumours that arise in famil-
ial setting practically does not differ from the 
management of sporadic adenomas in terms of 
indications and therapeutic approaches. Physicians 
should bear in mind, however, that pituitary tumours 
developing as a part of MEN 1 and FIPA syn-
dromes have more aggressive evolution, present 
earlier and often respond poorly to therapy. As 
MEN 1 has been recognized for quite some time 
consensus statements and guidelines for the inves-
tigation and management of this condition have 
been developed (Brandi et al.  2001  ) . Genetic test-
ing for mutations in  MEN 1  gene is warranted in 
patients who meet the clinical criteria for the 
disease and the identi fi cation of a mutation 
allows screening for carriers among the relatives. 
Mutation positive individuals should undergo 
annual biochemical assessment of prolactin, start-
ing from the age of 5, total serum calcium from 
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the age of 8 and gastrin from age 20 as well as 
periodic (every 3–5 years) imaging tests to screen 
for relevant tumours. Mutation negative relatives 
can be surely excluded from further follow-up. 
When no mutation could be identi fi ed in the index 
case it may be appropriate to consider a haplotype 
or linkage analysis in an investigational labora-
tory provided suf fi cient number of affected family 
members is available. Testing for mutations in 
 CDKN1B  gene in MEN 1-like cases without  MEN 
1  mutations is still reserved only for research pur-
poses as MEN 4 seems to be extremely rare con-
dition. Similarly, patients meeting the diagnostic 
criteria for CNC should be tested for germline 
mutations in  PRKAR1A  gene. Carriers should be 
followed-up for the different presentations of the 
syndrome and clinical, biochemical and imaging 
screening should be performed on a yearly basis. 
Regarding pituitary pathology, evaluation of GH, 
IGF 

1
  and prolactin secretion is appropriate. By 

de fi nition FIPA is diagnosed in patients with 
hereditary pituitary tumours in the absence of 
mutations of  MEN 1  and  PRKAR1A  genes and as 
the number of reported families increase detailed 
family history is of essential importance in patients 
with pituitary adenomas. Although mutations of 
 AIP  gene are observed in only 20% of cases 
genetic testing in at least one affected member 
may be valuable from a clinical aspect as patients 
with mutations are associated with more aggres-
sive disease. Identifying carriers among relatives 
is potentially bene fi cial for performing regular 
MRI and hormonal evaluation. In the absence of 
tumour on the imaging study surveillance may be 
carried on clinically and biochemically (IGF 

1
  and 

prolactin). Special attention should be paid to 
genetic counseling of FIPA patients and their 
relatives because of the relatively low prevalence 
of  AIP  mutations and the uncertain degree of 
penetrance. Genetic screening among sporadic 
pituitary adenomas may not be warranted in unse-
lected cases but it may be considered in young 
patients with aggressive disease who are more 
likely to carry  AIP  mutations. 

 In conclusion, familial presentation of pitu-
itary tumours although occurring in a small 
proportion of patients with pituitary adenoma 
provides a unique opportunity for investigation of 
genetic and molecular pathways of tumorigenesis. 

In recent years the scope of familial pituitary 
syndromes has expanded with the de fi nition of 
FIPA and MEN4 in addition to the well-described 
MEN1 and CNC. More over, modern technology 
has made possible not only the elucidation of 
culprit genetic defects behind these disorders but 
also presents an important tool for identifying 
at-risk individuals among affected families. The 
in-dept understanding of the speci fi c evolution 
and clinical characteristics of familial syndromes 
may provide basis for preclinical diagnosis, 
better prevention and appropriate management of 
individual patients. Still, much remains to be 
done, especially in FIPA where the majority of 
patients do not harbour  AIP  mutations and may 
possibly have defects in yet unidenti fi ed genes. 
In addition, it is unclear whether FIPA patients 
have also predisposition for other endocrine or 
non-endocrine tumours which could expand its 
de fi nition beyond the pituitary. Further clinical 
studies in larger populations as well as the devel-
opment of appropriate experimental models may 
help elucidate these issues.      
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  Abstract 

 The recognition of papillary glioneuronal 
tumor as a distinct entity was clearly and well 
established with the detailed description of 
this tumor in the case series of nine such 
tumors by Komori    et al. (Am J Surg Pathol 22: 
1171–1183, 1998). Presently, the literature 
abounds with several dozen reports of this 
tumor, which in a nutshell, characterize it as a 
biphasic tumor of mixed glial and neuronal 
differentiation. These cerebral neoplasms are 
supratentorial, and relatively circumscribed 
solid lesions with a cystic component. Mag-
netic resonance imaging (MRI) and computed 
tomography (CT) reveal contrast-enhancing 
masses with negligible mass effect. The 
histopathology exhibits gliovascular pseudo-
papillae composed of single or multi-layered 
astrocytic cells enclosing often hyalinized 
blood vessels lying in a bed of aggregates 
of neurocytes, neurons, and ganglioid cells. 
Because of the overwhelming evidence from 
the various reported cases, the World Health 
Organization (WHO) which initially placed 
this tumor as a variant of ganglioglioma, even-
tually recognized it as a neoplasm worthy of 
placement in a separate category in a recent 
publication. These rare and low-grade tumors 
behave in a fashion characteristic of WHO 
grade I tumors. This review is an overview of 
the clinical, neuroimaging, and neuropatho-
logic features of the neoplasm, and addresses 
the evidence supporting its classi fi cation as a 
distinct entity.      
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   Introduction 

 Papillary glioneuronal tumor (PGNT) is a 
member of the diverse group of mixed glioneu-
ronal tumors (GNTs) of the central nervous 
system (CNS), which are typically indolent 
tumors composed of glial cells mingled with 
neuronal cells of different differentiation 
(McLendon and Provenzale  2002  ) . The other 
members of this heterogenous category of 
mixed GNTs include gangliogliomas, central 
and extraventricular neurocytomas, rosette-
forming glioneuronal tumor of the fourth ven-
tricle, and dysembryoplastic neuroepithelial 
tumors (DNET), and are usually associated 
with a favorable prognosis like PGNT (Kleihues 
and Cavenee  2000  ) . 

 PGNT is a rare neoplasm and its epidemiol-
ogy has not been established because less than 
50 cases have been reported in the literature. 
PGNTs are supratentorial and generally affect 
the cerebral hemispheres in close proximity to 
the ventricles. Although the tumor has been 
reported in all regions of the cerebrum, the vast 
majority of cases to date have preference for the 
temporal lobe (Broholm et al.  2002 ; Komori 
et al.  1998 ; Prayson  2000  ) . The tumor behavior 
is indolent and corresponds to WHO grade I 
lesions; however, there are exceptional cases 
that have manifested atypical features and recur-
rence (Ishizawa et al.  2006 ; Adam et al.  2007 ; 
Vaquero and Coca  2007 ; Newton et al.  2008 ; 
Javahery et al.  2009  ) . The prominent presenting 
symptoms include headache and seizures, 
although other symptoms and signs related to 
presence of a mass in the brain may be noted. 
Tumors with similar morphology were previ-
ously described under different terms, namely 
pseudopapillary neurocytoma with glial differ-
entiation (Kim and Suh  1997  ) , and pseudopapil-
lary ganglioneurocytoma (Komori et al.  1996  ) . 
The progenitor stem cell of PGNT is still 
debated, but it is believed that they originate 
from multipotent cells committed to a biphasic 
glial and neuronal differentiation (Nakazato 
et al.  2007  ) .  

   Clinical, Neuroimaging, and 
Neuropathological Features 

 The age of occurrence has a wide range with the 
youngest and oldest reported between 4 years and 
75 years of age, respectively, with a mean of 
27 years and no sex preference (Barnes et al.  2002 ; 
Tsukayama and Arakawa  2002 ; Dim et al.  2006 ; 
Louis et al.  2007  ) . PGNT on imaging studies    
(Fig.  12.1 ) shows a relatively well-delineated cystic 
mass containing a contrast-enhanced mural nodule; 
low or normal intensity on T1-weighted images 
and high intensity on T2-weighted images (Stosic-
Opincal et al.  2005  ) . Some lesions could also have 
peripheral enhancement. There may be surround-
ing mass effect such as edema, but typically there is 
negligible or no mass effect, and calci fi cation has 
been noted in some cases. Grossly, the tumor can 
be solid or solid with variable cystic deterioration 
including cystic mass or cystic with mural nodule. 
Hemorrhage and necrosis have been observed in 
only a few reported cases, but these features are a 
rarity (Adam et al.  2007 ; Newton et al.  2008 ; 
Javahery et al.  2009  ) . The histologic characteristic 
of PGNT is that of two distinct components, astro-
cytic glial and a spectrum of neuronal cells. There 
is conspicuous pseudopapillary architecture com-
posed of a single or pseudostrati fi ed layer of small, 
cuboidal glial cells with round to oval nuclei,  fi nely 
speckled chromatin, and scant cytoplasm enclosing 
hyalinized blood vessels. Hyalinized vessels are 
commonplace in most glioneuronal tumors, but 
Lamszus et al.  (  2003  )  reported a PGNT case 
without conspicuous vascular hyalinization. These 
cells show cytoplasmic projections towards the 
vessel walls. The pseudopapillary architecture is 
dependent on dilapidation of the perivascular 
cells. Interspersed between the pseudopapillae 
are aggregations and small clusters of neurocytes, 
large ganglion cells, and intermediate-sized “gan-
glioid” cells in various combinations (Fig.   12.2  ). 
Some tumors exhibit islands of small oligidendro-
glial-like cells with prominent perinuclear halos 
or clusters of gemistocytes (Tanaka et al.  2005  ) . The 
glial cells show absence of nuclear atypia and 
mitotic activity, while the neuronal cells show 
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variance of shape and size. Rare cases exhibit 
microvascular proliferation, mitotic  fi gures and 
necrosis (Newton et al.  2008 ; Javahery et al.  2009  ) . 
The tumor mass in fi ltrates neuropil producing 
gliosis at the fringe with non-neoplastic brain 
tissue. Within the gliotic brain tissue are associ-
ated microcalci fi cations, hemosiderin-laden mac-
rophages compatible with previous bleed, and 
Rosenthal  fi bers (Dim et al.  2006  ) . The key cytologic 
features include ganglion cells with large, round, 
off-center nuclei, vesicular chromatin, conspicuous 
nucleoli, and abundant cytoplasm rich in Nissl’s 
granules. There are also small to intermediate size 
cells with round nuclei, granular chromatin, indistinct 

nucleoli, and scant cytoplasm (Komori et al.  1998  ) . 
Few cells with dark nuclei, sparse cytoplasm, and 
cytoplasmic processes may be noted.  

   Immunohistochemistry, Electron 
Microscopy, and Genetic Aberrations 

   Immunohistochemistry 

 The cuboidal glial cells enclosing the hyalinized 
vasocentric core to form the coat of the pseudopa-
pillae are highlighted by GFAP (Fig.  12.3 ), 
vimentin, and S-100 protein. In some instances 
the pseudopapillae are lined by Olig2-positive cells 
as well as GFAP positive or negative astrocytes 
(Tanaka et al.  2005 ; Gelpi et al.  2007  ) . The neuro-
cytes in the interpapillary spaces are decorated by 
antibodies to synaptophysin, neurone speci fi c eno-
lase (NSE), class III B-tubulin, NeuN (Komori et al. 
 1998 ; Tanaka et al.  2005  ) , and membrane staining 
for NCAM (Vajtai et al.  2006  ) . Chromogranin is 
non-immunoreactive. Neurone  fi lament protein 
(NFP) reactivity is restricted to ganglioid and gan-
glion cells (Komori et al.  1998 ; Dim et al.  2006  ) .  

   Electron Microscopy 

 Ultrastructural evaluations of few PGNT cases 
have identi fi ed three cell types which are perivas-
cular astrocytes, neurons, and a third unspeci fi c cell 
of yet unknown differentiation. The  perivascular 
astrocytes contain packs of intermediate  fi laments. 
Lying between the endothelial cells of the vessels 
and a collagen-rich adventitia is a thick basal lam-
ina, which, in turn, is separated from the astrocytes 
by a thin basal lamina (Komori et al.  1998  ) . 
Menigemistocytes and Olig2-expressing oligoden-
drocyte-like cells have also been noted (Ishizawa 
et al.  2006  ) . The neuronal cells and the unclassi fi ed 
cells lie within the interpapillary spaces and differ 
in relative amounts between cases. The neuronal 
cells are of dissimilar size having oval nuclei with 
scant chromatin, free ribosomes, mitochondria, and 
microtubules. Infrequent synaptic complexes are 
sometimes present and neurosecretory granules are 

  Fig. 12.1    Contrast-enhanced mass lesion on magnetic 
resonance imaging (MRI)       

  Fig. 12.2    Perivascular pseudopapillary tumor architecture       
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uncommon. The unclassi fi ed cells have irregular 
nuclei with coarse chromatin, minimal to moderate 
cytoplasm, variably developed mitochondria, ribo-
somes, and Golgi complexes. Other features of the 
unclassi fi ed cells can include intermediate  fi laments 
and microtubules.  

   Genetic Aberrations 

 A case reported by Faria et al.  (  2008  )  showed that 
conventional cytogenetics of PGNT in a 9 year-old 
girl with normal constitutional karyotype of 
46,XX[17] was abnormal with gains and structural 
alterations affecting chromosome 7 with break-
points at 7p22. The abnormal tumor karyotype was 
47 ~ 48,XX,+der(7)t(7;7)(p22;?::7p22-7q11::7?)
[cp7]. Comparative genomic hybridization showed 
a high-level ampli fi cation region at 7p14 ~ q12. In 
addition,  EGFR  gene was not ampli fi ed with 
 fl uorescent in situ hybridization (FISH), as is noted 
in most low-grade gliomas and gangliogliomas. 
Tanaka et al.  (  2005  )  reported that in a series of 6 
cases, there was no loss of 1p by FISH.   

   Discussion 

 PGNT was  fi rst described in the case report of 
Komori et al.  (  1996  ) , and subsequently estab-
lished as a distinct entity in the landmark case 
series by the same author (Komori et al.  1998  ) . 
Tumors with similar morphology have been 

 previously described under different names such 
as pseudopapillary neurocytoma with glial 
differentiation and pseudopapillary ganglioneu-
rocytoma (Nakazato et al.  2007  ) . 

 An acceptable hypothesis for the histogenesis of 
PGNT has not yet been advanced despite immuno-
histochemistry and electron microscopy studies. 
Nevertheless, it is presumed to arise from pluri-
potent cells with ability to undergo glioneuronal 
differentiation (Louis et al.  2007  ) . It has been pos-
tulated that paraventricular cases may arise from 
subependymal matrix with the more super fi cial 
cases developing from secondary germinal layer 
(Komori et al.  1998  ) . The reported cases follow a 
sporadic pattern of incidence, and there are no 
familial or syndrome-associated cases. 

 A review of the reported cases shows that the 
presenting clinical symptoms are commonly head-
aches and seizure but may include fever, nausea, 
vomiting, visual disturbances including diplopia 
and  fi eld defects, vertigo, gait and motor distur-
bances, memory loss, and behavioral changes 
(Celli et al.  2006  ) . The period of symptoms before 
discovery of the tumor averaged 6.8 months in 
eight patients (Prayson  2000  ) . A case mimicking a 
cavernous hemangioma presented with brain hem-
orrhage (Buccoliero et al.  2006  ) . Some cases are 
asymptomatic, and the tumor only accidentally 
discovered during neuroimaging for other reasons 
(Williams et al.  2008  ) . The differential diagnostic 
considerations of PGNT will include other tumors 
that present as single cystic masses with or with-
out enhancing mural nodule including pilocytic 
astrocytoma and ganglioglioma. The distinct 
papillary architecture differentiates it from other 
tumors with similar histology like central neuro-
cytoma, extraventricular neurocytoma, rosette-
forming glioneuronal tumor of the fourth 
ventricle and dysembryoplastic neuroepithelial 
tumor. Papillary meningioma, a rare tumor variant 
with comparable architecture, should also be 
borne in mind. It displays a perivascular pseudo-
papillary pattern encompassing most of the tumor. 
Occurring largely in young patients, local inva-
sion and  invasion of the brain are common fea-
tures. This tumor is listed in the WHO grade III 
category consequent upon their aggressive clinical 
behavior.  

  Fig. 12.3    Perivascular astrocytes showing positivity to 
glial  fi brillary acidic protein (GFAP)       
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   Prognosis and Predictive Factors 

 PGNT is usually characterized by a benign course 
and the morphology of most of them, including 
presence of cyst formation, no mitoses, hyalinized 
vessels, Rosenthal  fi bers and low proliferative 
index, is indeed a re fl ection of its benignity and 
indicate a favorable clinical outcome. Cases have 
been reported with variable atypical morphology 
such as necrosis, capillary endothelial prolifera-
tion, mitoses, and high proliferation activity 
exceeding 10 % (Ishizawa et al.  2006 ; Adam 
et al.  2007 ; Atri et al.  2007 ; Vaquero and Coca 
 2007 ; Newton et al.  2008 ; Javahery et al.  2009  ) . 
However, most of these cases have not been asso-
ciated with a more aggressive course. In the 
reported cases by Atri et al.  (  2007  )  and Newton 
et al.  (  2008  ) , there seemingly was residual tumor 
for which conformal radiation and simultaneous 
chemotherapy were instituted, and the patients 
have continued to be neurologically stable. One 
wonders if the use of chemoradiotherapy made a 
difference. Treatment by gross total resection 
without recourse to adjuvant therapy is the main-
stay of treatment, resulting in long-term survival 
without relapse. The longest surviving patients 
were followed up for 19 and 7 years, respectively, 
without reappearance of tumor (Epelbaum et al. 
 2006 ; Bouvier-Labit et al.  2000  ) . There have 
been only three reported cases of recurrence in 
the English literature (Ishizawa et al.  2006 ; 
Javahery et al.  2009  ) . In the two cases reported 
by Javahery et al.  (  2009  ) , chemoradiotherapy 
(case 1) and repeat resection (case 2) were suc-
cessful in controlling the disease. Review of all 
the cases reported in the literature clearly support 
the notion that gross total resection is the major 
factor and in fl uence driving prognosis.      
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  Abstract 

 Solitary  fi brous tumors (SFT) are rare mesen-
chymal tumors that can affect central nervous sys-
tem at any level. Histologically, they are 
characterized by round to spindle-shaped 
 fi broblastic cells set in a collagenous matrix with 
variable amounts of hyalinized collagen bundles 
and strongly positive stain for CD34 on immu-
nohistochemistry. Clinical presentation is related 
location, size of the tumor and affected structures 
in the CNS. Headache is the chief complaint in 
the majority of patients with intracranial tumors. 
When SFT involve the spinal cord, progressive 
limbs weakness, paresthesia, and radicular pain 
are the most consistent  fi ndings. On magnetic 
resonance imaging (MRI), these tumors are fre-
quently isointense with normal brain paren-
chyma on T1-weighted images, hyperintense on 
T2-weighted-images, and show intense homo-
geneous enhancement after intravenous admin-
istration of gadolinium. Complete surgical 
resection is probably the only curative option 
and is regarded as the treatment of choice for all 
patients suited to it. Incomplete surgical resec-
tion is regarded as a bad prognosis factor for 
which radiation therapy may be an option.      

   Introduction 

 Solitary  fi brous tumors (SFT) are rare spindle-cell 
neoplasms of mesenchymal origin. The  fi rst 
detailed histological description of SFT was made 
by Wagner  (  1870  ) , and they were  fi rst recognized 
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as a distinct soft tissue neoplasm by Klemperer 
and Rabin  (  1931  )  in the visceral pleura, the most 
common site of occurrence. However, the identity 
of SFT continued to be debated, with the tumor 
subsequently categorized under mesothelial neo-
plasms based on tissue culture submesothelial 
characteristics, until the general consensus of SFT 
as a distinct mesenchymal neoplasm  fi nally 
emerged (Park and Araujo  2009  ) . 

 These tumors have been described in many extra 
pleural sites including pericardium, peritoneum, 
lung, liver, upper respiratory tract, mediastinum, 
nasal cavities, thyroid and parathyroid glands, 
orbits, and the central nervous system (CNS). SFT 
in the CNS are usually dura-based, meningioma-
like masses, that may be intracranial or spinal. 
Primary meningeal SFT was  fi rst described by 
Carneiro et al.  (  1996  ) , and the  fi rst description of 
SFT in the spinal cord was made by Alston et al. 
 (  1997  ) . Since then, approximately 100 cases of 
SFT have been reported both in the cranial and the 
spinal compartments of the CNS (Yilmaz et al. 
 2009  ) . SFTs were included in the 2000 World 
Health Organization classi fi cation of CNS tumors 
in the category of mesenchymal neoplasm of the 
meninges (Kleihues and Cavanee  2000  ) . 

 The cellular origin of SFT is still a matter of 
debate. SFTs were initially thought to originate 
from CD34-positive dura-based  fi broblasts or 
dendritic cells (Carneiro et al.  1996 ; Cummings 
et al.  2001  ) . However, the recent description of 
SFT arising in deep cortical structures argues 
against this hypothesis, and a possible origin 
from the mesenchyma of the cerebral vasculature 
has been proposed (Kim et al.  2004  ) .  

   Pathology 

 SFT appears in gross pathologic examination as a 
 fi rm and elastic well-circumscribed tumor, often 
with attached fragments of dura mater, and 
smooth, glistening pseudo-capsules. On cutting, 
their surface displays a variety of colors. 
Histologically, the tumors are composed of round 
to spindle-shaped  fi broblastic cells set in a col-
lagenous matrix with variable amounts of 
hyalinized collagen bundles. Cellularity ranges 

from hypercellular to lax areas. The vasculature 
shows a hemangiopericytoma-like growth pattern 
and vessels with thickened hyalinized walls. The 
mitotic rate is usually <4/10 high power  fi eld 
(HPF) (Insabato et al.  2009  ) . Ultrastructural anal-
ysis has demonstrated features of pericytic, 
 fi broblastic, and myo fi broblastic differentiation 
with vascular prominence with intercapillary 
stroma containing various mesenchymal cells, 
including pericytes in close proximity to capillar-
ies (Ide et al.  2005  ) . Necrosis, marked nuclear 
hyperchromasia, and abundant mitosis are rarely 
observed. The features commonly proposed to be 
associated with aggressive SFT are increased cel-
lularity, pleomorphism, increased mitotic activity 
(mitotic index >4/10 HPF), necrosis, hemorrhage, 
and atypical location (Mekni et al.  2009  ) . 

 Using immunohistochemistry, SFTs are strongly 
positive for CD34 and variably positive for CD99, 
Bcl2, and vimentin. Some tumors express proges-
terone receptor in the nucleus of the cells. SFTs 
usually are negative for desmin, cytokeratins, and 
S-100 (Insabato et al.  2009  ) . Immunohistochemical 
staining for Ki-67 (MIB-1) antibody ranges from 
less than 2 to 25% (Mekni et al.  2009  ) . In addition, 
the staining for p53 and cyclin-D1 may be impor-
tant to assess the biological behavior of the tumors 
(Mosquera and Fletcher  2009 ; Mekni et al.  2009  ) . 
Only a few cases of SFT with anaplastic histologi-
cal features were reported with invasion of paren-
chyma and bone, local recurrence, and distant 
metastasis (Mekni et al.  2009  ) . 

 The main differential diagnoses are schwan-
noma,  fi brous meningioma and hemangio-
pericytoma (HPC). Schwannomas are easily 
distinguished because of their microscopic features 
(nuclear pseudopalisading, wavy nuclei) and their 
strong immunoreactivity to S-100. Cellular whorls, 
storiform cell arrangements, and psammomas bod-
ies are usually present in meningiomas. The cells in 
SFTs tend to be plumper than in meningiomas. 
Immunohistochemistry is also used for showing 
the complete absence of S-100 or EMA expression 
in SFTs as opposed to meningiomas. CD34 may be 
focally positive in meningiomas. Ultrastructural 
features of meningiomas include cytoplasmic inter-
digitations and well-formed desmosomes, which 
are lacking in SFTs. There is considerable overlap 
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in the histological features of SFT and HPC. In a 
typical case of SFT, the distinction is based on the 
presence of frequent areas of hyalinization and col-
lagen deposition, diffuse immunoreactivity for 
CD34, sparse reticulin staining around clusters of 
cells rather than abundant and  fi ne reticulin around 
individual cells, and absence of basement mem-
brane-like material at ultrastructural level, a hall-
mark of HPCs (Fig.  13.1 ).   

   Cytogenetics 

 Analyses of a limited number of SFT to date 
have not found any consistent characteristic 
 cytogenetic abnormalities. A comparative genomic 
hybridization (CGH) analysis of three meningeal 
SFTs reported by Martin et al.  (  2002  )  showed one 
case with loss of chromosome 3 and two tumors 
with deletions of the region 3p21–p26. Other 
chromosomal losses included 4p15, 8q22–q24, 
10, 11q14–q25, 17q11–q23, 20 and 21. Chromo-
somal gains were reported on 18p11–p13, 1p11–
p36, and 20q11–q13. Cytogenetical abnormalities 
on chromosome 3 had not been previously des-
cribed in SFTs from other primary sites.  

   Clinical and Imaging Features 

 SFTs can be present in any site of the CNS, involv-
ing the spinal cord in approximately one quarter of 
the patients (Tihan et al.  2003 ; Rodriguez et al.  2004 ; 

Caroli et al.  2004 ; Kim et al.  2004 ; Pizzolitto et al. 
 2004 ; Pakasa et al.  2005 ; Metellus et al.  2007 ; 
Furlanetto et al.  2009  ) . When intracranial, they are 
more commonly found within the supratentorial 
space and the ventricular system, followed by 
infratentorial space, including posterior fossa struc-
tures, cerebellum and cerebellopontine angles. 
Tentorial SFT corresponds to a minority of cases 
(Hakan et al.  2009  ) . Among the spinal SFT, the 
lesions were intradural in 73% and intramedullary 
in 27% of reported cases (Ciappetta et al.  2010  ) . 

 The mean age at the time of diagnosis from 2 
series of 18 patients each was, respectively, 47 
and 56 years, with a sex ratio of approximately 
1:1 (Tihan et al.  2003 ; Metellus et al.  2007  ) . 
Clinical presentation is related to a few factors: 
location, size of the tumor and affected structures 
in the CNS. Headache is the chief complaint in 
the majority of patients with intracranial tumors. 
In some cases, SFT were found during evaluation 
for seizures. When SFT involve the spinal cord, 
progressive limbs weakness, paresthesia, and 
radicular pain were the most consistent  fi ndings. 
In a series, cranial nerve paresis and cerebellar 
ataxia were the most frequent symptoms for 
tumors at the infratentorial level; whereas, for 
supratentorial tumors, intracranial hypertension, 
epilepsy, and lateral hemianopsia were usually 
found (Metellus et al.  2007  ) . 

 On computed tomography scan (CT), SFT 
appear usually as relatively well circumscribed, par-
tially calci fi ed heterogeneous masses, demonstrat-
ing variable degrees of enhancement upon 

  Fig. 13.1    Spindle cell tumor consistent with solitary 
 fi brous tumor. Panel ( a ): Highly cellular spindle cell 
proliferation with a dense, hyalinized collagenous 
stroma and dilated vascular spaces, some showing a 
staghorn-like appearance. Areas of cellular pleomor-

phism and increased cellularity were present, but mito-
ses were not identi fi ed (H&E 50×); Panel ( b ): Strong 
immunoreactivity for CD34 (50×); Panel ( c ): Strong 
immunoreactivity for vimentin (50×) (From Furlanetto 
et al.  2009  )        
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intravenous contrast infusion. On magnetic reso-
nance imaging (MRI), these tumors are frequently 
isointense with normal brain parenchyma on 
T1-weighted images, hyperintense on T2-weighted-
images, and show intense homogeneous enhance-
ment after intravenous administration of gadolinium. 
In a series described by Mekni et al.  (  2009  ) , the 
tumors averaged 5 cm in largest diameter. On imag-
ing studies alone, these lesions were indistinguish-
able from other SNC tumors, like meningiomas or 
gliomas (Fig.  13.2 ).   

   Management 

 Despite lack of prospective data evaluating dif-
ferent treatment modalities for SFT, complete 
surgical resection is probably the only curative 
option and is regarded as the treatment of choice 
for all patients suited to it. In patients with incom-
plete resection, the role of postoperative radiation 
therapy remains uncertain. Management of 
patients who develop local or distant relapses has 
been challenging, since no clearly effective ther-
apy exists. A new attempt of resection should be 
considered if technically feasible as it can lead to 
improvement in progression free survival. 

 Radiation therapy has been used in some cases, 
both as adjuvant therapy in patients at high risk for 

local recurrence or as primary therapy in unresect-
able tumors. Retrospective analyses of adjuvant 
radiation therapy have cautiously supported its 
utility, with studies showing at best a non-
signi fi cant trend toward prolonged recurrence-free 
survival and overall survival (Park and Araujo 
 2009  ) . Its use should not be recommended rou-
tinely in the adjuvant setting, especially in patients 
with completely resected tumors lacking adverse 
prognostic features. It should, therefore, be con-
sidered for those patients with aggressive tumors 
displaying adverse prognostic markers, until more 
data on its ef fi cacy become available. Stereotaxic 
radiosurgery in recurrent unresectable SFTs 
appears to be a potentially promising therapeutic 
modality. The role of systemic therapy for advanced 
unresectable tumors remains unknown. Inhibition 
of angiogenesis has emerged as a potential promis-
ing therapy, but further studies are needed to deter-
mine its ef fi cacy (Park and Araujo  2009  ) .  

   Prognosis 

 The most important prognostic factor in SFT is 
complete surgical resection. Metellus et al.  (  2007  )  
reported a 50% recurrence or progression rate in 
their series of 18 patients with a mean follow-up of 
45 months. Incomplete surgical resection was 

  Fig. 13.2    MRI sagital ( left ) and coronal ( right ) T1WI 
views with IV Gadolinium showing, at the suprasellar 
level, a tumor above the pituitary gland with strong het-

erogeneous contrast enhancement. The pathological spec-
imen was consistent with solitary  fi brous tumor (From 
Furlanetto et al.  2009  )        

 



12313 Solitary Fibrous Tumors

signi fi cantly associated with recurrence, while 
near 90% of patients with gross total resection 
were free from disease at follow-up. The histologi-
cal criteria for aggressive extrapleural SFT, known 
to have a worse prognosis and a higher index of 
recurrences, are hypercellularity, moderate-to-
marked cellular atypias, necrosis, and more than 4 
mitoses per 10 HPF (Mekni et al.  2009  ) . No study, 
to date, has de fi ned criteria for malignant SFT in 
the CNS, so the same criteria are usually used.      
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  Abstract 

 Pituitary adenomas occasionally show 
aggressive behavior with rapid growth and 
invasion of the surrounding tissues. The 
identi fi cation of biological markers able to 
recognize aggressive pituitary adenomas in 
early stages remains a challenge. We aimed 
to determine the expression of a new cell 
proliferation marker with clinical signi fi cance 
in several human neoplasms, Mcm2, in pitui
tary adenomas and to establish the relation-
ship of the Mcm2 index with tumor extension 
and invasion. The proliferative index was 
determined in tumor specimens of 64 
patients with acromegaly or clinically non-
functioning pituitary adenoma using immu-
nohistochemical methods for two antigens, 
Mcm2 and Ki-67. Fifty-four (86%) ade-
nomas showed immunoreactivity to Mcm2. 
The median Mcm2 index was 0.91% (range 
0–13.24%). Immunoreactivity to Ki-67 was 
observed in 61 adenomas (95%). The median 
Ki-67 index was 0.88% (range 0–7.39%). 
A signi fi cant positive correlation was found 
between log Mcm2 index and log Ki-67 
index (p < 0.001). Mcm2 and Ki-67 detected 
a similar number of proliferating cells. 
Mcm2 index showed a signi fi cant associa-
tion with tumor extension (p = 0.02), but not 
with tumor invasion and hormone pheno-
type. In conclusion, we demonstrated that 
Mcm2 was similar to Ki-67 in the 
identi fi cation of the proliferating cells in 
this sample.      

      Pituitary Adenomas: MCM2 Protein 
as a Cell Proliferation Marker       
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   Introduction 

 Although anterior pituitary adenomas are usually 
benign and slow-growing tumors, occasionally 
they show more aggressive behavior, with rapid 
growth, recurrence or regrowth after surgical 
removal or invasion of the structures surrounding 
the sella turcica. The local invasion may cause 
hypopituitarism, visual  fi eld disturbances and 
symptoms of intracranial mass, as well as impair 
complete surgical removal and normalization of 
hormone levels in secreting tumors. 

 Due to the increase in morbidity and mortality 
associated with pituitary adenomas with aggres-
sive behavior, in last years, several studies have 
been conducted aiming to identify biological 
markers able to recognize these tumors in early 
stages. The routine histological analysis and 
identi fi cation of mutations or altered expression 
of oncogenes and tumor suppressor genes seen in 
more common cancers (such as ras and p53), 
with little exception, were not proven to be capa-
ble of predicting exactly the aggressiveness of 
the pituitary adenomas (Losa et al.  1998  ) . 

 In a variety of malignant neoplasms, the 
determination of cell proliferation indices seems 
to provide valuable prognostic information, 
being strongly correlated with clinicopathologi-
cal parameters such as tumor recurrence and 
disease-free survival. In pituitary adenomas, how-
ever, there are still controversial whether con-
ventional cell proliferation indices, such as Ki-67 
and PCNA, have ability to identify tumor with 
aggressive behavior (Losa et al.  1998 ; Turner 
and Wass  1999  ) . Some series have demonstrated 
that the Ki-67 proliferation index is signi fi cantly 
higher in invasive or recurrent anterior pituitary 
adenomas (Ekramullah et al.  1996 ; Thapar et al. 
 1996 ; Mastronardi et al.  2001 ; Jaffrain-Rea 
et al.  2002 ; Schreiber et al.  1999 ; Pizarro et al. 
 2004  ) , while others have found no difference 
(Losa et al.  2000 ; Honegger et al.  2003 ; Tanaka 
et al.  2003  ) . An additional problem in the appli-
cation of Ki-67 as a proliferation marker is that 
the function of this protein remains unknown 
and there is evidence that it might be involved in 
other non-cell-cycle-related processes, such as 

ribosomal biosynthesis (Gonzalez et al.  2005 ; 
Mehrotra et al.  2006  ) . 

 Recent studies have shown the potential use of 
the minichromosome maintenance (MCM) pro-
teins as novel cell proliferation markers. The MCM 
proteins are a family of highly conserved proteins 
that are essential for initiation and regulation of the 
DNA replication in eukaryotic cells (Meng et al. 
 2001  ) . They were  fi rst recognized in the yeast 
 Saccharomyces cerevisiae  as mutants defective in 
the maintenance of minichromosome, suggesting 
a role in plasmid replication or cell cycle progres-
sion (Tye  1999  ) . In eukaryotes, six of these pro-
teins (Mcm2-7) interact one another to form a 
hexameric complex that has an essential function 
as a replicative helicase (Giaginis et al.  2009  ) . 

 The initialization of the DNA synthesis in 
eukaryotic cells is a multistep process that needs 
the binding to chromatin and the subsequent acti-
vation of numerous proteins in a highly ordered 
sequence. Brie fl y, the  fi rst step involves the bind-
ing of a complex of the proteins called “origin 
recognition complex” (ORC) to each replication 
origin. In the second step, the replication factors 
Cdc6 (cell division control protein 6) and Cdt1 
(chromatin licensing and DNA replication factor 
1) and subsequently the hexameric complex 
formed by proteins Mcm2-7 are recruited to rep-
lication origin. Then, the proteins ORC, Cdc6, 
Cdt1 and Mcm10 functionally interact with the 
MCM hexameric complex at replication origin, 
resulting in the formation of the prereplication 
complex (pre-RC). The last step is the activation 
of pre-RC complex by cyclin-dependent kinases; 
in this moment, the inactive MCM complex is 
converted into an enzymatically active helicase. 
Once activated, the MCM helicase allows the 
DNA replication machinery to access the binding 
sites on DNA, making the chromatin competent 
or licensed for the S phase of the cell cycle (Lei 
and Tye  2001 ; Gonzalez et al.  2003  ) . The disso-
ciation of the MCM proteins from chromatin irre-
versibly during S phase ensures that DNA 
replication occurs only once in each normal cell 
cycle (Meng et al.  2001 ; Gonzalez et al.  2005  ) . 

 There is now substantial evidence that MCM 
proteins, particularly Mcm2 and Mcm5, could 
constitute prognostic tumor markers of greater 
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clinical signi fi cance than the conventional cell 
proliferation in several human neoplasms 
(Giaginis et al.  2009  ) . Previous studies that eval-
uated the expression of MCM proteins in a vari-
ety of normal and malignant tissues from different 
systems have shown that these proteins detect 
more cells in cycle than the Ki-67 antigen 
(Gonzalez et al.  2003 ; Kodani et al.  2003 ; 
Korkolopoulou et al.  2005 ; Mehrotra et al.  2006 ; 
Gakiopoulou et al.  2007 ; Giaginis et al.  2009  ) . 

 Like the other MCM proteins, the expression of 
Mcm2 is seen during all phases of the cell cycle 
and is absent in quiescent or terminally differenti-
ated cells (Meng et al.  2001 ; Gonzalez et al.  2003 ; 
Giaginis et al.  2009  ) . In normal and some reactive 
tissues, the expression of the MCM proteins is 
restricted to proliferative compartments. In con-
trast, in dysplastic and malignant tissues, MCM 
proteins are present in the majority of cells, and in 
carcinomas their frequency of expression is 
inversely correlated with the degree of tumor dif-
ferentiation (Freeman et al.  1999  ) . Some series 
have demonstrated that high levels of Mcm2 
expression, over a cut-off of expression that varies 
among the different types of tumors, was 
signi fi cantly associated with poor prognosis in sev-
eral tumors, including prostate and breast carcino-
mas (Meng et al.  2001 ; Gonzalez et al.  2003 ; 
Giaginis et al.  2009  ) . 

 We aimed to detect and quantify the immuno-
histochemical expression of cell proliferation 
marker Mcm2 in normal pituitary tissues and in 
the two most prevalent types of pituitary ade-
nomas of surgical management (clinically non-
functioning and GH-secreting pituitary adenomas), 
and compare its ability to identify cells in the cell 
cycle with the classic marker Ki-67. We also 
aimed to establish the relationship of the Mcm2 
index with tumor extension and invasion.  

   Determination of Cell Proliferation 
in Pituitary Tissues Using MCM2 
Antigen: Methodology 

 For our analysis, tumor tissues were obtained 
from 64 patients who had undergone surgery 
for acromegaly (n = 23) or clinically nonfunctioning 

pituitary adenoma (n = 41) at a reference 
 neurosurgery center located in southern Brazil. No 
patients with acromegaly had used somatostatin 
analogs or dopamine agonists prior to surgery. 
From the 64 patients, 32 were male. The median 
age of the patients at the time of surgery was 
48.1 years, ranging from 20 to 66 years. 
Microadenomas were detected in three patients 
with acromegaly (4%). Among the 61 macroade-
nomas, 12 (19%) were intrasellar adenomas, 28 
(44%) showed isolated suprasellar extension, and 
21 (33%) were considered invasive. Among the 
41 clinically nonfunctioning pituitary adenomas, 
18 (44%) did not show immunoreactivity to any 
of the anterior pituitary hormones, 19 (46%) were 
immunoreactive to LH and/or FSH, two (5%) to 
GH and prolactin, one (2.5%) to gonadotropins 
and TSH, and one (2.5%) to ACTH. Among the 
23 GH-secreting pituitary adenomas, ten (43.5%) 
were immunoreactive to GH, ten (43.5%) to GH 
and prolactin, two (9%) to GH and gonadotropins, 
and one (4%) was plurihormonal. Normal pitu-
itary tissue surrounding adenomatous tissue 
removed from patients undergoing surgery and 
normal pituitary tissue obtained from autopsies 
were included (n = 5). Standard hematoxylin-eosin 
stain was applied and immunohistochemical 
detection of pituitary hormones was performed 
for a routine diagnostic evaluation. 

 Ki-67 and Mcm2 immunostaining were per-
formed using the streptavidin-biotin-peroxidase 
complex method. Primary antibodies used 
were the monoclonal mouse anti-human 
Mcm2 antibody (code NCL-MCM2; Novocastra 
Laboratories, Newcastle Upon Tyne/UK; diluted 
1:30; overnight at 4°C) and the monoclonal 
mouse anti-human MIB-1 antibody (code 
M7240; DakoCytomation, Carpinteria, CA/
USA; diluted 1:200; overnight at 4°C). Antigen 
retrieval was conducted using sodium citrate 
(steam heating at 92°C for 40 min). The endog-
enous peroxidase activity was blocked using a 
solution of 5% hydrogen peroxide and the 
nonspeci fi c bindings using Dako® protein block 
solution. Color development was performed with 
diaminobenzidine. The negative control con-
sisted of omitting of the primary antibody. Tonsil 
tissue was used as positive control. 
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 The sections were examined under a standard 
light microscope. The entire section was assessed 
at low (100×) and high (400×) magni fi cation, and 
the areas of tumors with the most intense staining 
were analyzed. The expression of the Ki-67 and 
Mcm2 antigens was evident as a dense brown 
precipitate restricted to the nuclei. The percent-
age of Ki-67 and Mcm2 positive nuclei (the Ki-67 
labeling index (LI) and Mcm2 LI, respectively) 
was determined by manual counting of at least 
500 nuclei of tumor cells at 400× magni fi cation 
with the aid of a 10 × 10 square grid. 

   Statistical Analysis 

 Median and interquartile range were used to 
describe quantitative variables due to the asym-
metry of the data, and proportions were used 
for categorical ones. Spearman’s correlation 
coef fi cient was used to evaluate the correlation of 
measures of cell proliferation indices (Ki-67 and 
Mcm2), when comparing among themselves or 
with another variables (age and tumor extension). 
Mann–Whitney and Wilcoxon non-parametric 
tests were used for other comparisons. The level 
of signi fi cance used in the study was p = 0.05. 
Data were processed and analyzed with the aid of 
SPSS software, version 15.0.   

   Determination of Cell Proliferation 
in Pituitary Tissues Using MCM2 
Antigen: Results 

 In this study, only one of  fi ve specimens of normal 
pituitary tissue evaluated showed cells with 
nuclear immunoreactivity to the Mcm2 antigen. 
In this case, 10 cells with positive nucleus were 
identi fi ed in a  fi eld at 400× magni fi cation. The 
majority of the pituitary adenomas (86%) showed 
immunoreactivity to the Mcm2 antigen 
(Fig.  14.1 ). The mean ± SD Mcm2 LI was 
1.73 ± 2.36%. The median (P25–P75) Mcm2 LI 
was 0.91% (0.41–2.10%), ranging from 0 to 
13.24%. Immunoreactivity to Ki-67 was observed 
in 61 adenomas (95%). The mean ± SD Ki-67 LI 
was 1.30 ± 1.30%. The median (P25–P75) Ki-67 

LI was 0.88% (0.45–1.85%), ranging from 0 to 
7.39%. The antigen Mcm2 showed similar ability 
to identify cells in the cell cycle when compared 
with the classic marker Ki-67 (p = 0.41). We 
found a signi fi cant positive correlation between 
the logarithm of Ki-67 LI and the logarithm of 
Mcm2 LI (p < 0.001, r = 0.59). Arbitrarily using 
the threshold of 3% for the Mcm2 LI, the same 
value used for the Ki-67 LI to characterize an 
adenoma as “atypical” (2004 World Health 
Organization classi fi cation of tumors of the endo-
crine organs), ten adenomas showed an over 
value and nine of them were adenomas with 
extrasellar extension (Lloyd et al.  2004  ) . In con-
trast, among the adenomas negative for Mcm2 
(n = 9), only one was considered invasive.  

 In our study, there was no signi fi cant associa-
tion between the age or gender of the patients 
and the Ki-67 (p = 0.10 and p = 0.48, respectively) 
and Mcm2 LIs (p = 0.15 and p = 0.69, respec-
tively). There were no statistically signi fi cant 
differences between clinically nonfunctioning 
and GH-secreting pituitary adenomas for Ki-67 
and Mcm2 LIs (p = 0.88 and p = 0.21, res-
pectively). The  hormone phenotype did not 
signi fi cantly affect the Ki-67 and Mcm2 LIs 
(p = 0.15 and p = 0.21, respectively). 

 We found a signi fi cant positive correlation 
between tumor extension and the Ki-67 and 
Mcm2 LIs (r = 0.32, p = 0.01; and r = 0.29, p = 0.02, 
respectively). Adenomas restricted to sella 
shown a signi fi cantly lower Mcm2 LI (0.41%) 
than macroadenomas with isolated suprasellar 

  Fig. 14.1    Photomicrograph illustrating the expression of 
the Mcm2 protein by immunohistochemical method in 
pituitary adenoma. Original magni fi cation: 400×       
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extension (1.18%) or invasive adenomas (1.10%). 
However, there was no signi fi cant correlation 
between tumor invasion and the Ki-67 and Mcm2 
LIs (p = 0.08 and p = 0.26, respectively). In inva-
sive adenomas (n = 21), the median Mcm2 LI was 
1.10%, while in non-invasive adenomas (n = 43) 
it was 0.85%.  

   Discussion 

 Although the determination of cell proliferation 
indices seems to provide valuable prognostic 
information in a variety of tumors, there may be 
practical problems associated with using Ki-67 
(or other IH method) in assessing cell prolifera-
tion. For example, the proliferation index is often 
found to be variable between different  fi elds 
within the same tumor; because of heterogeneous 
distribution of proliferation cell. In addition, it is 
important note that the proliferation rate of the 
tissue, depend not only on the number of cells in 
the cell cycle but also the time taken to complete 
the cycle (a tumor could be proliferating rapidly 
and have a low LI, or be proliferating slowly but 
remain in G1 and so have a high LI). In any case, 
the current study aimed to perform a comparative 
assessment of two methods that are equally sub-
ject to this bias. As far as we know, the expres-
sion of cell proliferation marker Mcm2 in normal 
or adenomatous pituitary tissues has been rarely 
explored. Similarly to previous studies that deter-
mined the proliferative activity in pituitary tis-
sues using conventional markers, we found 
absence of immunoreactivity to the Mcm2 anti-
gen or much lower cell proliferation index in nor-
mal pituitary than in pituitary adenomas. 

 Unlike recent series that evaluated the Mcm2 
expression in normal and neoplastic tissues of 
different systems, in our study the Mcm2 antigen 
did not identify a signi fi cantly greater number of 
cells in the cell cycle than the Ki-67 antigen 
(Gonzalez et al.  2003 ; Korkolopoulou et al.  2005 ; 
Mehrotra et al.  2006 ; Gakiopoulou et al.  2007  ) . 
A reason given by the authors for the higher index 
of Mcm2 is the prior demonstration that Ki-67 
protein is expressed during a shorter interval of 
the cell cycle than the Mcm2 protein. Although 

both proteins are present in all phases of the cell 
cycle, cells in early G 

1
  phase may not express 

Ki-67. Other reason cited is the demonstration 
that the Ki-67 expression in cycling cell might be 
downregulated by external factors, such as nutri-
tional deprivation. A possible explanation for the 
variance in our  fi ndings is the histologically 
benign pro fi le of the great majority of the pitui-
tary adenomas, which are usually slow-growing 
tumors and therefore with much lower prolifera-
tive activity when compared with malignant neo-
plasms. Just as previous studies that compared 
the expression of Mcm2 and Ki-67 in neoplastic 
tissues of different systems, we found a signi fi cant 
positive correlation between the cell proliferation 
indices obtained by both antigens (Gonzalez et al. 
 2003 ; Korkolopoulou et al.  2005 ; Gakiopoulou 
et al.  2007  ) . Regarding the  fi ndings described 
above, we agree that the Mcm2 protein was simi-
lar to the classic marker Ki-67 in the assessment 
of cell replication in normal and adenomatous 
pituitary tissues by the immunohistochemical 
method. 

 Several reports have demonstrated the lack of 
any relationship between cell proliferation indi-
ces of pituitary adenomas and sex or age of the 
patients (Turner and Wass  1999  ) . Some research-
ers (Losa et al.  2000 ; Jaffrain-Rea et al.  2002 ; 
Tanaka et al.  2003 ; Gejman et al.  2008  ) , but not 
all (Landolt et al.  1987 ; Knosp et al.  1989 ; 
Mastronardi et al.  2001 ; Paek et al.  2005 ; Fusco 
et al.  2008  ) , found an inverse correlation between 
age and mean Ki-67 LI value. In our study, the 
proliferation indices of Ki-67 and Mcm2 were 
not signi fi cantly affected by the sex and age of 
the patients. 

 Some previous studies evaluated the relation-
ship between secretory activity and proliferative 
capacity of the pituitary adenomas using conven-
tional proliferation markers. Although some 
studies (Landolt et al.  1987 ; Thapar et al.  1996 ; 
Jaffrain-Rea et al.  2002  )  have shown a signi fi cantly 
higher Ki-67 LI in functioning adenomas than in 
nonfunctioning ones, other studies found no such 
difference (Knosp et al.  1989 ; Pizarro et al.  2004  ) . 
Landolt et al.  (  1987  )  found higher values of Ki-67 
LI in acromegalic patients. Other studies reported 
a higher Ki-67 LI in ACTH-secreting adenomas 
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(Shibuya et al.  1992 ; Mastronardi et al.  2001  )  and 
prolactinomas (Thapar et al.  1996  ) . In our study, 
the Ki-67 and Mcm2 LIs showed no signi fi cant 
difference between clinically nonfunctioning 
adenomas and GH-secreting pituitary adenomas 
or between the hormone phenotypes. 

 Previous studies that analyzed the correlation 
between proliferative activity assessed by Ki-67 
and tumor extension showed controversial results. 
Although some researchers (Paek et al.  2005 ; 
Gejman et al.  2008  )  have found no correlation, 
Jaffrain-Rea et al.  (  2002  )  demonstrated a 
signi fi cantly higher Ki-67 LI in macroadenomas 
than in microadenomas. In this study, we found a 
signi fi cant association between tumor extension 
and proliferative activity of tumors, determined 
by both cell proliferation markers. The Mcm2 LI 
was signi fi cantly lower in adenomas restricted to 
sella (0.41%) than in macroadenomas with iso-
lated suprasellar extension (1.18%) or in invasive 
adenomas (1.10%). 

 The results of studies that evaluated the asso-
ciation of proliferative activity assessed by Ki-67 
and tumor invasion are also controversial. 
Although some studies (Thapar et al.  1996 ; 
   Mastronardi et al.  2001 ; Schreiber et al.  1999 ; 
Pizarro et al.  2004  )  have demonstrated a 
signi fi cantly higher Ki-67 LI in invasive ade-
nomas than in non-invasive ones; other series, as 
well as ours, found no such difference (Losa et al. 
 2000 ; Honegger et al.  2003  ) . Thapar et al.  (  1996  )  
demonstrated a signi fi cant and progressive incre-
ment of the Ki-67 index from non-invasive (1.4%) 
to invasive adenomas (4.7%) and from those to 
pituitary carcinomas (12%). These authors also 
proposed a Ki-67 LI of 3% or more to distinguish 
non-invasive from invasive pituitary adenomas. 
Similar conclusion was reached by Mastronardi 
et al.  (  2001  )  that established a cut-off of 3.5% for 
invasive adenomas. In this study, we no found 
relationship between tumor invasiveness and 
Mcm2 LI. As in previous series, in this study we 
found an overlap of the values of proliferative 
indices between invasive and non-invasive ade-
nomas (Thapar et al.  1996 ; Losa et al.  1998 ; 
Mastronardi et al.  2001  ) . Thus, low proliferative 
indices were not found exclusively in non-invasive 
adenomas. 

 In conclusion, our study demonstrated a 
correlation between Mcm2 and Ki-67 antigens 
in the assessment of cell replication of clini-
cally nonfunctioning and GH-secreting pitu-
itary adenomas. Values of proliferative index 
above 3%, as obtained by Ki-67 or Mcm2 anti-
gen, were associated with extrasellar exten-
sion of pituitary adenomas.      
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  Abstract 

 Human pituitary adenomas are common 
tumors. In spite of extensive investigations, 
the molecular basis of human pituitary tumori-
genesis remains elusive. The cell cycle is 
driven by cyclins-cyclin-dependent kinases 
(CDKs) complexes. Because CDK inhibitors 
(CKIs) serve as negative regulators of cell 
cycle, dysregulation in CKIs is recognized as 
critical factors in tumorigenesis. In recent 
years, extensive studies have demonstrated 
that somatic mutations, underexpression, and 
DNA methylation of the CKIs genes were fre-
quently observed in various types of human 
cancers. Although the role of CKIs in human 
pituitary tumors has been elucidated to a lim-
ited extent, studies on knockout mice sug-
gested that some CKIs are involved in 
tumorigenesis of murine pituitary gland. For 
example, knockout mice of p18 Ink4c  and p27 Kip1  
develop both pituitary intermediate- and ante-
rior-lobe tumors and intermediate-lobe tumors, 
respectively. Each of the INK4 and CIP/KIP 
family members shows unique pattern of gene 
expression, mutations and promoter methyla-
tion in human pituitary adenomas. Until now, 
changes of mRNA or protein levels of p16 INK4A , 
p18 INK4C , and p27 KIP1  in pituitary adenomas have 
been reported. Non-functioning pituitary ade-
nomas show reduced expression of p16 INK4A  by 
epigenetic changes. In pituitary adenomas, 
mRNA and protein levels of p18 INK4C  were 
reduced by unidenti fi ed mechanisms and 
 protein levels of p27 KIP1  are reduced by protein 
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modi fi cation. These changes of expression 
 levels may contribute to pituitary tumorigenesis.      

   Introduction 

 Pituitary adenomas are the most commonly 
encountered intracranial tumors. Although pitu-
itary adenomas are benign, it is associated with 
signi fi cant morbidity due to its critical location 
and oversecretion of pituitary hormones. A large 
number of studies have been conducted to elabo-
rate the molecular and pathological basis of pitu-
itary tumorigenesis. However, the mechanisms of 
tumorigenesis of pituitary adenomas are largely 
unknown. 

 The cell cycle is a tightly regulated process 
and is controlled at different stages by speci fi c 
cyclins and cyclin-dependent kinases (CDK). A 
critical point in the cell cycle is the G1/S transi-
tion checkpoint frequently aberrated in human 
cancers. Cyclin-CDK complexes phosphorylate 
retinoblastoma (RB) protein, resulting in the pro-
gression of cells into the S phase. Activating 
somatic mutation (Arg24 to Cys) of the CDK4 
gene observed in both hereditary and sporadic 
melanoma and somatic mutations or promoter 
hypermethylation of the RB1 gene are rare in 
human pituitary adenomas (Honda et al.  2003 ; 
Kirsch et al.  2009  ) , whereas some con fl icting 
results of hypermethylation of the RB1 promoter 
in pituitary adenomas have been reported (Ogino 
et al.  2005  ) . 

 Cyclin-CDK complexes are inhibited by CDK 
inhibitors (CKIs), which play a crucial regulatory 
role at G1/S transition. Two families of CKIs 
based on their structural and functional similari-
ties are de fi ned. The INK4 family comprising 
p16 INK4A  (CDKN2A), p15 INK4B  (CDKN2B), 
p18 INK4C  (CDKN2C), and p19 INK4D  (CDKN2D) 
shows their negative regulatory activity against 
cell cycle progression by binding to CDK4 and 
CDK6 and interfering their association with 
cyclin D. On the other hand, the CIP/KIP family 
including p21 CIP1  (CDKN1A), p27 KIP1  (CDKN1B), 
and p57 KIP2  (CDKN1C) binds both cyclin and 
CDK, and shows a broad spectrum of inhibitory 
effects on cyclin/CDK complexes including 

cyclin D/CDK4, cyclin E/CDK2, and cyclin A/
CDK2. 

 Recent studies showed that deregulation of 
CKIs contributed to development of various 
tumors, suggesting that CKIs act as tumor sup-
pressors (Besson et al.  2008  ) . However, the role 
of CKIs in human pituitary tumors has been elu-
cidated to a limited extent. This review will 
describe the recent  fi ndings of CKIs associated to 
human pituitary tumorigenesis, with a particular 
focus on data of CKI’s knockout mice, and gene 
expression, mutations, and promoter methylation 
pro fi le of CKIs in human pituitary adenomas.  

   p16 INK4A  (CDKN2A) 

 The genes encoding p16 INK4A  and p15 INK4B  are 
located on chromosome 9p21.3. In a relative 
small 25 kb region, the locus includes three 
related genes of p16 INK4A , p15 INK4B , and p14 ARF . 
 CDKN2A  encodes two distinct proteins through 
alternative reading frames: p16 INK4A  and p14 ARF , 
which binds the p53-stabilizing protein MDM2. 
The p16 INK4A /p14 ARF /p15 INK4B  locus is frequently 
deleted in a wide spectrum of tumors. In addition, 
more frequent mutations of the p16 INK4A  gene 
have been reported in various malignancies. 

 p16 Ink4a  null mice develop lymphomas and 
 sarcomas with low penetrance, but not pituitary 
tumors (Quereda and Malumbres  2009  ) . 
However,   reduced expression of p16 INK4A  is 
observed in all subtypes of human  pituitary ade-
nomas: the most frequent in non-functioning 
(NF) adenomas (Simpson et al.  1999 ; Seemann 
et al.  2001  ) . Loss of heterozygosity (LOH) on the 
chromosome 9p21 is observed in only 6% of 
pituitary adenomas and the p16 INK4A  gene muta-
tions are infrequent in pituitary adenomas 
(Yoshimoto et al.  1997 ; Kirsch et al.  2009  ) , sug-
gesting other mechanisms of reduced expression 
of p16 INK4A . Epigenetic inactivation by promoter 
methylation is one of the important mechanisms 
of gene silencing in human cancers. Promoter 
methylation implicated in aberrant gene expres-
sion is a hallmark of human pituitary tumori-
genesis. Promoter hypermethylation is a 
common mechanism of p16 INK4A  inactivation in 
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various tumors including pituitary adenomas 
(Woloschak et al.  1997 ; Simpson et al.  1999 ; 
Seemann et al.  2001 ; Ogino et al.  2005 ; Yoshino 
et al.  2007  ) . Methylation-associated silencing of 
the p16 INK4A  gene is more frequent in NF ade-
nomas than other subtypes and is associated with 
loss of p16 INK4A  protein expression (Woloschak 
et al.  1997 ; Simpson et al.  1999 ; Seemann et al. 
 2001  ) . These suggest subtype-speci fi c deregula-
tion of the p16 INK4A  gene in pituitary tumors. With 
regard to the role of epigenetic inactivation by 
p16 INK4A  methylation in tumorigenesis, con fl icting 
concepts are proposed: One is involvement in an 
early event of pituitary tumorigenesis (Simpson 
et al.  1999  )  and another is involvement in pro-
gression of adenomas rather than an early event 
(Seemann et al.  2001  ) .  

   p15 INK4B  (CDKN2B) 

 p15 INK4B  expression is shown to be downregulated 
in mitogen-stimulated lymphocytes. Although the 
p15 INK4B  gene concomitant with the p16 INK4A  gene 
is usually deleted in a large variety of tumors, 
mutations of the p15 INK4B  gene in human tumors 
are infrequent. Epigenetic silencing by hyperm-
ethylation of the p15 INK4B  gene has been demon-
strated in mantle cell lymphoma, ovarian cancer, 
and acute myeloid leukemia (Hutter et al.  2006  ) . 

 The major phenotype observed in p15 Ink4b  null 
mice is angiosarcomas with a long latency and 
low frequency, indicating that p15 Ink4b  has limited 
tumor-suppressing activities (Quereda and 
Malumbres  2009  ) . In addition, the activity of the 
p15 Ink4b  gene is thought to provide a second line 
of defense against inactivation of p16 Ink4a , thereby 
serving as a backup of p16 Ink4a  (Quereda and 
Malumbres  2009  ) . 

 In human pituitary adenomas, somatic muta-
tions of the p15 INK4B  gene were not detected 
(Yoshimoto et al.  1997  ) . Ogino et al.  (  2005  )  
reported that the p15 INK4B  gene promoter was 
hypermethylated in 36% of pituitary adenomas. 
But they did not demonstrate the effect of pro-
moter hypermethylation on p15 INK4B  expression. 
Further investigations are necessary to establish 
the correlation between protein or mRNA 

expression of p15 INK4B  and promoter hypermeth-
ylation of the gene in pituitary adenomas.  

   p18 INK4C  (CDKN2C) 

 The p18 INK4C  gene is located at chromosome 
1p32, a region frequently altered in various 
tumors. Loss of p18 INK4C  protein expression has 
been reported in various human tumors such as 
testicular cancers, Hodgkin lymphomas, hepato-
cellular carcinomas, medulloblastomas, and glio-
blastomas and hypermethylation of the p18 INK4C  
promoter was shown in Hodgkin lymphomas 
(Sánchez-Aguilera et al.  2004  ) . Deletions of the 
p18 INK4C  gene are clearly less common than dele-
tions of the p16 INK4A /p14 ARF /p15 INK4B  locus. 
Although p18 INK4C  gene mutations are rare in 
human cancers (Bostrom et al.  2001  ) , van Veelen 
et al.  (  2009  )  reported the presence of somatic 
inactivating missense mutations of p18 INK4C  in 
human medullary thyroid carcinomas and 
pheochromocytomas. 

 Mice lacking of p18 Ink4c  display organomegaly, 
testicular tumors, pheochromocytomas, and 
intermediate-lobe pituitary tumors (Quereda and 
Malumbres  2009  ) . In addition, hyperplasia in the 
anterior pituitary lobe is observed. Although mice 
lacking two INK4 proteins, p15 Ink4b  and p18 Ink4c , 
do not show an accelerated tumorigenesis includ-
ing pituitary glands, collaboration of p18 Ink4c  with 
CIP/KIP family members confers decreased tum-
origenesis. For example, mice lacking either 
p18 Ink4c  or p27 Kip1  slowly develop pituitary ade-
nomas, whereas mice carrying simultaneous 
deletion of p18 Ink4c  and p27 Kip1  develop pituitary 
adenomas within 3 months (Quereda and 
Malumbres  2009  ) . Furthermore, p18 Ink4c−/− Pten +/−  
or p18 Ink4c−/− Men1 +/−  mice develop anterior-lobe 
tumors with an accelerated rate compared to 
Pten +/−  or Men1 +/−  mice, respectively (Quereda 
and Malumbres  2009  ) . The above  fi ndings denote 
the important role of p18 INK4C  in pituitary 
tumorigenesis. 

 In our study, p18 INK4C  protein expression anal-
ysed by immunohistochemistry was lost or 
signi fi cantly reduced in 64% of human pitu-
itary adenomas compared with levels in normal 
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 pituitary glands (Hossain et al.  2009  ) . p18 INK4C  
mRNA levels were low in all adrenocorticotropic 
hormone (ACTH) adenomas and NF-follicle-
stimulating hormone (FSH) and in 42, 70 and 
66% of growth hormone (GH), prolactin, and 
subtype 3 adenomas, respectively. The results 
were consistent with a report of signi fi cant reduc-
tion of p18 INK4C  expression in ACTH adenomas 
(Morris et al.  2005  ) . Furthermore, Kirsch et al. 
 (  2009  )  reported that immunohistochemistry 
revealed underexpression of p18 INK4C  protein in 
both hormonally active (42%) and inactive (36%) 
pituitary adenomas. 

 We analyzed the promoter methylation status 
of the p18 INK4C  gene in pituitary adenomas with 
low mRNA levels by bisul fi te sequencing. 
Hypermethylation was detected in only 1 NF-FSH 
adenoma; the other adenomas showed no methy-
lation in the promoter of the p18 INK4C  gene 
(Hossain et al.  2009  ) . On the other hand, Kirsch 
et al.  (  2009  )  reported that about 40% of pituitary 
adenomas displayed p18 INK4C  promoter methyla-
tion by the method of methylation-speci fi c PCR. 
The contrasting data on promoter methylation 
may be resulted from different methods. The 
bisul fi te sequencing is the most straightforward 
means of detecting methylation status, which 
denotes an accurate map of the position of each 
methylated cytosine residue. Therefore, aberrant 
methylation seems not to be a responsible factor 
for the low levels of p18 INK4C  in pituitary ade-
nomas. In our study, no somatic mutations except 
for a known single nucleotide polymorphism of 
the p18 INK4C  gene in 89 pituitary adenomas were 
detected (Hossain et al.  2009  ) , consisting with 
the report by Kirsch et al.  (  2009  ) .  

   p19 INK4D  (CDKN2D) 

 The p19 INK4D  gene is located at chromosome 
19p13. p19 INK4D -overexpressing cells showed 
enhanced DNA repair activity after ultraviolet 
irradiation in neuroblastoma cells (Ceruti et al. 
 2005  ) . The four proteins of the INK4 family share 
a similar structure; however, p19 INK4D  is shown to 
be an unstable protein in contrast to p16 INK4A , 
p15 INK4B , and p18 INK4C . Deletion of the p19 Ink4d  

gene in mice neither develops tumors even 
after long observations nor accelerates tumor 
 formation in p18 Ink4c  null mice (Quereda and 
Malumbres  2009  ) , suggesting that p19 Ink4d  is not 
a tumor suppressor. Mutations and expression 
levels of the p19 INK4D  gene in human pituitary 
adenomas have not been reported.  

   p21 CIP1  (CDKN1A) 

 The p21 CIP1  gene, which is also referred to WAF1, 
is localized on chromosome 6p21.2. p21 CIP1  acts 
down stream of p53, and restricts cell cycle pro-
gression into S phase in the presence of DNA 
damage (Jung et al.  2010  ) . In addition, p21 CIP1  
binds regulatory proteins such as E2F1, c-Myc, 
STAT3 and p300/CBP other than CDKs (Roninson 
 2002  ) . 

 Although p21 Cip1  null mice were initially pre-
sumed to be lack of apparent tumorigenesis, 
 sarcomas and lymphomas occur in p21 Cip1  null 
mice bred on a 129Sv/C57BL6 50:50 back-
ground (Quereda and Malumbres  2009  ) . This 
 suggests that p21 Cip1  has the ability to function as 
a tumor suppressor. Rb +/−  mice develop pituitary 
intermediate lobe tumors,   pituitary tumor-trans-
forming gene (Pttg) −/−  rescues pituitary tumori-
genesis in Rb +/−  mice. p21 Cip1  de fi ciency restores 
abrogated pituitary tumor formation in Rb +/− Pttg −/−  
knockout mice, suggesting that p21 Cip1  protein 
may contribute to decrease pituitary tumorigene-
sis in the Rb +/− Pttg −/−  mice (Chesnokova et al. 
 2008  ) . In the anterior lobe of pituitary gland, 
deletion of the Pttg gene results in p21 Cip1  induc-
tion in GH-producing cells (Chesnokova et al. 
 2007  ) . Interestingly, overexpression of Pttg in 
rat GH3 pituitary cells also enhanced p21 Cip1  
(Chesnokova et al.  2008  ) . Thus, both of overex-
pression and de fi ciency of Pttg enhanced p21 Cip1  
expression. 

 PTTG levels in GH adenomas are high as 
compared with other subtype adenomas (Salehi 
et al.  2010  ) . Elevated expression of p21 CIP1  pro-
tein in human GH adenomas is observed, while 
p21 CIP1  expression is very low in normal pituitary 
glands (Chesnokova et al.  2008  ) . Furthermore, 
GH adenomas overexpressing PTTG exhibit 
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senescence as evidenced by increased p21 CIP1 , 
ataxia-telangiectasia mutated kinase, and  senesce
nce-associated- b -galactosidase levels (Shen et al. 
 2005  ) . 

 Inactivating mutations of the p21 CIP1  gene are 
rare in human cancers including pituitary ade-
nomas (Roninson  2002  ) . Promoter hypermethy-
lation of the p21 CIP1  gene was detected only in 3% 
of pituitary adenomas (Yoshino et al.  2007  ) . 
ACTH-, NF-FSH-, and null cell adenomas are 
mostly immunonegative for p21 CIP1  (Chesnokova 
et al.  2008  ) . Recently, p21 CIP1  was reported to be 
directly downregulated by miR-17, miR-20a, 
miR-20b, miR-93, miR-106a, and miR-106b. 
Therefore, overexpression of these miRNAs leads 
to increased cell proliferation and accelerated 
G1/S transition (Jung et al.  2010  ) . Involvement of 
these miRNAs in pituitary tumorigenesis remains 
elusive.  

   p27 KIP1  (CDKN1B) 

 The p27 KIP1  gene is located at chromosome 12p13. 
Dysregulated expression of p27 KIP1  is frequent in 
a wide variety of human malignancies and is con-
sidered as a prognostic marker for clinical out-
come of human cancers (Besson et al.  2008  ) . 
p27 KIP1  levels are regulated by transcription, 
translation, proteolytic degradation by the Scf-
Skp2 E3 ubiquitin-protein ligase, cytoplasmic 
mislocalization etc. (Besson et al.  2008  ) . The sta-
bility of p27 KIP1  as well as p21 CIP1  and p57 KIP2  is 
tightly regulated by ubiquitination and protea-
some-mediated degradation during various stages 
of the cell cycle. 

 p27 Kip1  de fi cient mice display an increased 
body size and striking features of tumor develop-
ment in several organs including the intermediate 
lobe of the pituitary glands and are susceptible to 
tumorigenesis by chemical carcinogens and irra-
diation (Quereda and Malumbres  2009  ) . Even the 
loss of one allele of p27 Kip1  is predisposed to 
tumors in multiple tissues with a chemical car-
cinogens or irradiation (Quereda and Malumbres 
 2009  ) . In addition, depletion of p27 Kip1 , but not 
p18 Ink4c , cooperates with Cdk4 R24C mutation in 

pituitary tumor development (Quereda and 
Malumbres  2009  ) . 

 Besson et al.  (  2007  )  generated knockin mice 
expressing a mutant p27 Kip1  protein, called 
p27(CK-), which is unable to interact with cyclins 
and CDKs. p27(CK-) dominantly causes hyper-
plasic lesions and tumors in multiple organs 
including the lung, retina, ovary, adrenals, spleen, 
lymphomas etc. In addition, p27(CK-) develops 
aggressive pituitary anterior-lobe tumors. This 
suggests that in addition to its role as a tumor 
suppressor, p27 Kip1  also functions as an 
oncogene. 

 p27 KIP1  protein expression is downregulated in 
human pituitary adenomas (Bamberger et al. 
 1999  ) . The lower levels of p27 KIP1  protein in 
ACTH adenomas are consistent with develop-
ment of intermediate lobe-derived pituitary 
tumors in p27 Kip1  null mice. In ACTH adenomas, 
an accentuated phosphorylation of p27 KIP1  lead-
ing to its increased degradation is observed 
(Korbonits et al.  2002  ) . As observed in other 
tumors, downregulated expression of p27 KIP1  in 
pituitary adenomas does not result from inacti-
vating mutations of the p27 KIP1  gene (Tanaka et al. 
 1997  ) . Unexpectedly, allelotyping by microsatel-
lite markers and  fl uorescence  in situ  hybridiza-
tion revealed trisomy 12 in 24% of pituitary 
adenomas (Tanaka et al.  1997  ) . Promoter hyper-
methylation of the p27 KIP1  gene is not detected in 
pituitary adenomas (Yoshino et al.  2007  ) . In addi-
tion, p27 KIP1  is regulated by miR-221 and miR-
222 (le Sage et al.  2007  ) , suggesting that 
deregulated expression of miR-221 and miR-222 
promotes tumorigenesis; however, information 
on levels of miR-221 and miR-222 in pituitary 
adenomas was unavailable. Recently, Landa et al. 
 (  2010  )  reported that reduced p27 KIP1  transcription 
depends on the genotype of the −79C > T 
(rs34330) variant as a novel mechanism underly-
ing p27 KIP1  downregulation. Involvement of the 
allelic variant at −79 (C > T) in the p27 KIP1  gene in 
pituitary tumorigenesis remains elusive. 

 Although the majority of pituitary adenomas 
are sporadic, some arise as familial syndromes. 
Out of CKIs, the p27 KIP1  gene is the only identi fi ed 
gene responsible for heritable pituitary tumors. 
Pellegata et al.  (  2006  )  reported that a homozygous 
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germ-line mutation in p27 Kip1  causes a multiple 
endocrine neoplasia (MEN)-like syndrome 
(named MENX) in the rat, with a phenotypic 
overlap of both MEN1 and MEN2. The MENX-
associated p27 Kip1  mutant protein was shown to 
be highly unstable. Furthermore, a germline non-
sense mutation in the p27 KIP1  gene was identi fi ed 
in an MEN1-suspected patient with GH adenoma 
and parathyroid tumors. An inactivating p27 KIP1  
germ-line mutation was also detected in a patient 
with hyperparathyroidism, an ACTH adenoma, 
and a neuroendocrine carcinoid tumor (Georgitsi 
et al.  2007  ) . To date, germ-line mutations of 
p27 KIP1  have been reported only in  fi ve families 
with  MEN1 -negative MEN1 families (Agarwal 
et al.  2009  ) .  

   p57 KIP2  (CDKN1C) 

 The p57 KIP2  gene is an imprinted gene located at 
the chromosomal locus 11p15.5, a region impli-
cated in Beckwith-Wiedemann syndrome. The 
maternal allele is preferentially expressed (Pateras 
et al.  2009  ) . p57 KIP2  is frequently downregulated 
both transcriptionally and translationally in many 
human cancers, and its decreased expression is 
correlated with aggressiveness in several malig-
nancies (Pateras et al.  2009  ) . Although LOH and 
increased methylation of the promoter are associ-
ated with decreased p57 KIP2  mRNA, somatic 
mutations of the p57 KIP2  gene were not reported in 
human tumors (Pateras et al.  2009  ) . 

 Despite the similarities of structure between 
p27 Kip1  and p57 Kip2 , the phenotypes of p27 Kip1  null 
mice and p57 Kip2  null mice quite differ. Whereas 
the null mice of p21 Cip1  or p27 Kip1  does not show 
gross defects in embryonic development, p57 Kip2  
null mice show neonatal death, as well as devel-
opmental defects in multiple tissues (Quereda 
and Malumbres  2009  ) . The developmental 
defects occur possibly due to delayed differentia-
tion and increased apoptosis. Thus, the role of 
p57 Kip2  as tumor suppressor is largely obscure. 
Recently, Jin et al.  (  2008  )  demonstrated that the 
prostates of p57 Kip2  null mice grafted under the 
kidney capsule of athymic mice developed pros-
tatic intraepithelial neoplasia, suggesting that 

p57 Kip2  is an important gene in prostate cancer 
tumorigenesis. 

 The critical role of p57 Kip2  plays in the mainte-
nance of proper pituitary size; p57 Kip2  mutant 
pituitaries are hyperplasic during development, 
whereas p57 Kip2  overexpression produces a pro-
found reduction in pituitary size (Quereda and 
Malumbres  2009  ) . 

 In human pituitary adenomas, expression lev-
els of p57 KIP2  gene have not been reported.      
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  Abstract 

 Mechanisms involved in pituitary tumorigenesis, 
especially of non-functional pituitary adenomas 
remain unclear. Various cell cycle inhibitors have 
been found to be underexpressed in pituitary 
tumors. However alterations of the G2/M check-
point have not been revealed as a major player in 
the pathogenic process. Wee1 kinase, a nuclear 
protein that delays G2/M transition has been 
recently recognized as a tumor suppressor and 
has been found as a potential pathogenic factor 
in pituitary adenomagenesis. In this chapter after 
a brief summary of the cell cycle regulation, the 
biogenesis and function of miRs in pituitary 
adenomas, we review the role and function of 
Wee1 kinase focusing on its potential role in 
pituitary tumorigenesis. MicroRNAs posttran-
scriptionally regulating expression of Wee1 
kinase and their expression and role in pituitary 
adenoma development are also discussed.      

   Cell Cycle 

 The cell cycle is a process by which cells grow, 
replicate their genome, and divide. The control of 
the cell cycle is executed by the interaction of a 
cyclically operating set of proteins that initiate and 
coordinate the progression of the cell through the 
cycle. Cell division is classi fi ed into the following 
phases: G1 phase (gap) in which the cell commits 
itself to entering the cell cycle. It is followed by S 
phase (synthesis of DNA) in which the genome is 
duplicating and then proceeds the G2 phase where 
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the synthesized genetic material has the opportunity 
for repairing itself. Finally the cycle will end with 
M phase (mitosis) in which the cell with its genetic 
material segregates into daughter cells. In mamma-
lian cells, the main proteins involved in this process 
are the cyclins, cyclin-dependent kinases (CDKs) 
and their inhibitors (CDK inhibitors or CKIs). 

 Cyclin-dependent kinases (CDKs) and their 
cyclin partners are accelerating and inducing cell 
cycle progression. CDK activity is modulated by 
 fl uctuations in the cellular concentration of their 
activators (cyclins) or inhibitors (CDK inhibitors 
or CKIs), which in turn are regulated by speci fi c 
positive (transcriptional induction by mitogenic 
and anti-mitogenic pathways) and negative (i.e. 
proteolysis by the ubiquitin-proteosome system) 
signals. CDKs are activated by association with 
cyclins, by phosphorylation on the T-loop threo-
nine by CDK-activating kinases (CAK), and by 
dephosphorylation on threonine 14/tyrosine 15 
residues by the CDC25 phosphatases. In addi-
tion, CDK activity can be impeded by negative 
phosphorylation of threonine 14/tyrosine 15 resi-
dues mediated by WEE1-like kinases and by 
association with CKIs (Morgan  1995  ) . 

 The speci fi c inhibitors of CDKs (CKIs) also 
play major role in cell cycle regulation by mediat-
ing antimitogenic signals or checkpoint responses. 
They block CDK activation or impair the access 
of substrate/ATP. CKIs are divided into INK4 and 
Cip/Kip family. The INK4 family (p16INK4a, 
p15INK4b, p18INK4c, p19INK4d) inhibits pro-
gression through G1/S by binding CDK4 and 
CDK6. The Cip/Kip family (p21Cip1, p27Kip1, 
p57Kip2) could associate to CDK2 and CDK1 
complexes and blocks their kinase activity, 
whereas their role in binding to CDK4–cyclin D 
or CDK6–cyclin D complexes is unclear 
(Malumbres and Barbacid  2005  ) .  

   Biogenesis and Role of miRs 
in Tumorigenesis 

 MicroRNAs (miRs) are short (approx. 19–25 
nt) non-coding RNA molecules that posttran-
scriptionally regulate gene expression via RNA 
interference by binding 3 ¢ UTR of protein coding 
mRNAs (Lagos-Quintana et al.  2001  ) . 

 It is thought that 30–50% of all protein coding 
genes might to be controlled by miRs (Lewis 
et al.  2005  ) . Their roles have been considered in 
development, cell proliferation, differentiation, 
apoptosis and also tumorigenesis including pitui-
tary adenomas. 

 MiRs are encoded by genes located within 
introns of protein-coding genes or intergenicly. 
They can occur singly or clustered through the 
genome predicting a long transcript encompassing 
several coordinately expressed miRNAs. After tran-
scribing by RNA polymerase II they come through 
a maturation process in the nucleus and cytoplasm. 
In the nucleus pri-miRs (primary transcript) are pro-
cessed by an RNase III (Drosha) containing com-
plex. Drosha asymmetrically cleaves both strands 
near the base of primary stem-loop into a ~60–70 
nucleotide long precursor-miRNA (pre-miR) char-
acterized by a hairpin secondary structure. Then the 
hairpin structured pre-miR molecule is transported 
to the cytoplasm by Exportin-5. Here pre-miRs are 
processed by an other RNase III enzyme (Dicer) 
that cleaves the pre-miR into a ~21 nucleotide long 
miR:miR* duplex. One strand of this RNA duplex 
(guide strand or matured miR) is incorporated into 
the miRNA induced silencing complex (miRISC) 
while the other strand (passenger strand or miR*) 
usually is degraded. In this complex miR interacts 
with its mRNA targets 3 ¢ UTR by base-pairing and 
repress the expression of its targets by three major 
processes: mRNA cleavage, mRNA degradation by 
deadenylation or inhibition of translation initiation 
(Krol et al.  2010  )  (Fig.  16.1 ).  

 Several investigations have been showed that 
the characteristic gene expression pro fi les for a 
given tumor have been negatively correlated with 
speci fi c miRs expression. Based on their role in 
tumorigenesis miRs are classi fi ed as onco-miRs 
or tumorsuppressor-miRs depending on the tar-
geted gene(s) function. In addition, expression 
pattern of miRs may be useful for evaluation of 
tumor grade and stage.  

   miRs in Pituitary Tumorigenesis 

 According to pituitary adenoma only a few miR-
target gene interactions have been proved. Bottoni 
et al.  (  2007  )  found that miR-16-1 which is under-
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expressed in pituitary adenomas targets BCL2 
protooncogene. BCL2 is overexpressed in a third 
of pituitary adenomas and in this manner miR-
16-1 possibly in fl uences its expression on protein 
level and thereby takes part in adenoma develop-
ment. Using miR expression analysis performed 
by microarray they also identi fi ed 24 miRs which 
expressions are predictive in sepa ration of nor-
mal from adenomatous tissues. Bottoni et al. 

 (  2007  )  described other 29 miRs which expres-
sion was characteristic for different 
 hormone-producing phenotypes. They were able 
to identify speci fi c miRs for ACTH-, GH-, PRL-
producing tumors as well as for non-functioning 
histotype. Relationship with tumor size was also 
detected, miR-140, -99, -99b, -30b and 30c were 
found to be overexpressed in macroadenomas 
and miR-138-2 in microadenomas. The authors 

  Fig. 16.1    Biogenesis of miRs. Detailed description is in the text       
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suggested that the overexpressed miRs in ade-
nomas (miR-150, miR-152, miR-191 and miR-
192) may be connected to the regulation of cell 
proliferation based on previous results showing 
that inhibition of these miRs diminished cell 
growth (Cheng et al.  2005  ) . Amaral et al.  (  2008  )  
investigated ACTH secreting pituitary tumors 
and identi fi ed 8 underexpressed miRs with poten-
tial pathogenic role, but they could not present 
any relationship with clinical characteristics 
including tumor size, except for miR-141 which 
was lower expressed in patients with higher 
chance for remission. 

 Another miR, let-7 was found to be underex-
pressed in pituitary adenomas and one of its targets, 
HMGA2 was overexpressed in these tumors. 
Importantly their interaction was validated by 
several groups and Qian et al.  (  2009  )  demonstrated 
their negative correlation in pituitary  adenomas. 
Our group analyzed the expression levels of Smad 
family members together with miRs in non-
functioning pituitary tissues (NFPA). Smad pro-
teins are key regulators of the activin/transforming 
growth factor-beta (TGF-b) signaling which play a 
prominent role in regulating pituitary tumor growth 
and prolactin secretion from pituitary lactotrope 
cells. Our results demonstrated that Smad3, Smad6 
and Smad9 (=Smad8) were signi fi cantly under-
expressed in NFPA compared to normal pituitary 
tissues, and expression of Smad3 but not Smad6 
and Smad9 showed a tendency to correlate with 
tumor size (P = 0.08). MiR expression pro fi les of 
the same samples combined with complex bioin-
formatical analysis revealed 19 miRs which were 
found targeting and negatively correlated with 
Smad3 expression in pituitary adenoma tissues 
(Butz et al.  2010  ) . Of these miRs the role of miR-
140 has been con fi rmed by reporter gene experi-
ment (Pais et al.  2010  )  and it has already been 
connected to cell growth in lung carcinoma cell 
line (Cheng et al.  2005  ) . 

 Another result of our study was the identi fi cation 
of already tumorigenesis-related miRs in pituitary 
adenoma development. We identi fi ed a speci fi c 
subset of overexpressed miRs in pituitary tumors 
compared to normal tissue targeting Wee1 kinase 
and others involved in different mechanisms leading 

to tumor development. Thus, miR-155, an oncomir 
with pathogenetic role in hemopoietic malignan-
cies (lymphomas, leukemia) and solid tumors 
(lung, colon, breast, cervical, thyroid cancer) 
(Faraoni et al.  2009  ) ; miR-516a-3p which has 
been suggested to be involved in glioblastoma 
development and has been found to be associated 
with aggressiveness of breast cancer; and miR-128a, 
a brain-enriched miR frequently detected as being 
downregulated in glioblastomas. In addition, its 
ectopic overexpression reduced neuroblastoma 
cell motility and invasiveness and its targets which 
include an oncogene/stem cell renewal factor, 
Bmi-1 and a transcription factor, E2F3a may 
re fl ect its tumorsuppressor role. 

 We found two other highly overexpressed 
miRs in NFPA, miR-93 and miR-20a. Although 
these miRs were potential candidates for target-
ing  Wee1  3 ¢ UTR, we were unable to demonstrate 
their interaction with our in vitro luciferase assay 
suggesting that these miRs may affect tumori-
genesis via other mechanisms (Butz et al.  2011  ) . 
Indeed, both miRs are considered as oncomirs; 
miR-93 targets the tumor suppressor gene  FUS1  and 
its expression was found to be upregulated in 
breast and lung cancer, whereas miR-20a, a mem-
ber of miR-17-92 cluster was reported as overex-
pressed in colorectal and gastric cancer. MiR-20a 
has validated targets such as p21, cyclin D1, and 
it prevents transcription of p19 via leukaemia/
lymphoma related factor (LRF). 

 Ebi et al.  (  2008  )  working with lung cancer 
showed that miR-20a was overexpressed in lung 
cancer tissues and cell lines and O’Donnell et al. 
 (  2005  )  demonstrated that this miR directly tar-
geted the transcription factor E2F1. In addition, 
E2F1 has been found to be overexpressed in 29 of 
46 Rb(+/−) murine pituitary tissues and in 45 of 
80 human pituitary tumors. Overall it has been 
hypothesized that overexpression of miR-20a 
together with miR-17-92 cluster may serve as a 
protective mechanism against DNA damage. 
Pickering et al.  (  2009  )  reported that miR17-5p/
miR-20a is involved in accurate control of E2F1 
(less than twofold change in E2F1 protein levels 
was enough to modify the timing of cell cycle 
progression) in regulation of S-phase entry. 
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Similarly to these previous reports, we also found 
miR-20a overexpressed in 15/18 of NFPA and 
4/8 of GH ± P-producing pituitary adenomas, but 
the exact role of this miR in pituitary tumorigen-
esis needs further studies.  

   Alterations of Cell Cycle in Pituitary 
Adenomas 

 Alterations of several cell cycle-related genes 
have been associated with pituitary adenoma 
development. For example, promoter hyperm-
ethylation of CDK inhibitors (p14, p15, p16, p18, 
p21, p27, and retinoblastoma protein) and of 
cell growth suppressors MEG3a (maternally 
expressed gene 3a) and GADD45G (growth 
arrest- and DNA damaged inducible gene  g ) have 
been previously described in pituitary tumors 
(Dworakowska and Grossman  2009  ) . The p15, 
p16, p18 and p19 inhibit mainly Cyclin 
D-CDK4/6, while p21, p27 and p57 inhibit Cyclin 
E-CDK2 complex. These active complexes phos-
phorylate retinoblastoma protein that releases 
E2F transcription factor, which represents the 
committed step for cell division at G1/S transi-
tion. In addition, p21, p27 and p57 inhibit Cyclin 
A-CDK2 in S phase. Loss of these proteins is 
frequently detected in several solid tumors and 
p21, p27 and p57 transgenic knockout animals 
usually develop numerous neoplasms including 
pituitary tumors (Franklin et al.  2000  ) . MEG3 
activates p21 through p53 and suppress cell pro-
liferation, so its functional loss leads to G1/S 
checkpoint disorder. 

 In nonfunctioning pituitary adenomas 
(NFPA), increased expression of high-mobility 
group A2 (HMGA2), cyclin B2, and cyclin D1 
was observed. However alterations of the G2/M 
transition have not been clearly evaluated only 
underexpression of GADD45G was demon-
strated. GADD45G hinders formation of cyclin 
B-CDK2 complex. Although recent results based 
on protein array examination suggest that dereg-
ulation of G2/M checkpoint may be involved in 
tumorigenetic process (Zhan and Desiderio 
 2010  ) .  

   Function of Wee1 Kinase 

 G2/M checkpoint is destined for  fi ltering dam-
aged DNA synthesized during S phase. G2/M 
transition and thereby mitotic entry is regulated 
by two kinases; Wee1 and CDC25 having oppo-
site effects. Wee-like kinases (Wee1, Wee2 and 
PKMYT) inactivate CDK1 by phosphorylation, 
while CDC25 works as a phosphatase. By its 
function Wee1 kinase has been described as a 
mitotic inhibitor (McGowan and Russell  1993  ) , 
its overexpression causes G2 arrest by keeping 
CDK1 inactive. Although Wee1 inhibitors may 
represent suitable anti-tumor compounds, as in 
tumors where the G1 checkpoint control is defec-
tive by impairment of p53/Rb pathway, abroga-
tion of the G2 checkpoint by Wee1 inhibition 
could render the tumor cells sensitive to DNA 
damaging drugs (Kawabe  2004  ) , and hence tar-
gets for apoptosis. 

 Wee1 protein is predominantly a nuclear pro-
tein while Myt1 localizes associated to mem-
brane. Both are active during interphase and 
are inactivated at G2/M transition. Wee1 is regu-
lated by phosphorylation and binding to 14-3-3 
proteins during interphase. It is also suggested 
that binding different isoforms of 14-3-3 has 
 different consequences: 14-3-3 b , - e , - z  promote 
Wee1 activity while - Q  inactivates the kinase 
through cytoplasmic sequestration (Katayama 
et al.  2005  ) . 

 Wee1 has two sites (Tyr295 and 362) which 
are known autophosphorylation sites that 
enhance its activity while phosphorylation at 
Ser642 by Akt inactivates Wee1 at G2/M transi-
tion (Katayama et al.  2005  ) . Through this phos-
phorylation G2/M transition is promoted. Wee1 
degradation is also regulated by phosphorylation 
at sites: Ser53, Ser121 and Ser123. These sites 
could be phosphorylated by several kinases 
(Plk1: polo-like kinase, CK2: casein kinase 2 
and CDK1 as a feedback regulation) and then the 
phosphorylated Wee1 binds to  b -Trcp, an E3 
ubiquitin ligase leading protein degradation also 
required for G2/M transition (Watanabe et al. 
 2005,   2004  ) . 
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 It has been reported that the DNA replication 
checkpoint stabilizes Wee1 within nucleus 
thereby delaying entry into mitosis until appro-
priate conditions have been met, and it would be 
degraded at the time of mitotic entry by CDC34 
(Michael and Newport  1998  ) . This proteolysis 
event was required for a timely entrance into 
mitosis and was inhibited when DNA replication 
was blocked. 

 In the case of DNA damage – for example 
malfunctioning DNA replication – DNA damage 
checkpoint regulation is induced, and as a part of 
it Wee1 is activated and CDC25 is inhibited by 
Checkpoint kinase1/2 (Chk 1/2). Checkpoint 
kinases are induced for incomplete replication 
and block mitotic entry. Beside CDC34, human 
Hsl7 homologue JBP1 (Janus kinase binding pro-
tein 1) also can mediate Wee1 degradation as a 
part of DNA damage response pathway. JBP1 
can interact with Jak family kinases, presumably 
to control transcription, it is a positive regulator 
of p53 and a negative regulator of Cyclin E for 
associating speci fi cally with its transcription start 
site (Jansson et al.  2008  ) .  

   Wee1 and Its Targeting miRs 
in Pituitary Adenoma 

 Our group has showed that the expression of 
Wee1 kinase (both of total and phophorylated on 
Ser123 form) is diminished in growth hormone 
with and without prolactin producing (GH ± P) 
and also in hormonally inactive, non-functioning 
pituitary adenomas (NFPA). Despite the change 
of protein amount we could not prove difference 
in mRNA level of Wee1 gene between normal 
and adenoma samples suggesting that transcrip-
tion of  Wee1  is not altered in these tissues. Based 
on these  fi ndings we hypothesized that the 
decreased Wee1 protein expression might be 
related to overexpression of Wee1-targeting 
miRs. Applying three computational target pre-
diction methods several potential miRs’ target 
sites in the 3 ¢  UTR of  Wee1  were identi fi ed. To 
con fi rm the direct interactions between these 
miRs and the 3 ¢  UTR of the  Wee1  reporter gene 
assay experiments were performed by cloning 

this region into a luciferase reporter system 
(Butz et al.  2010  ) . Our results demonstrated 
that miR-128a, miR-155 and miR-516a-3p 
signi  fi cantly repressed the luciferase activity, 
while the co-transfection of different combina-
tions of these miRs produced no further decrease 
in luciferase activities suggesting that the effect 
of these miRs may be redundant on  Wee1  3 ¢ UTR. 
By site directed mutagenesis binding sites for 
of miR-128a (between nucleotides 28–35 and 
252–258) and miR-516a-3p (between nucleotides 
40–46) have been validated (Fig.  16.2 ).  

 The direct interaction between miR-128a, 
miR-155 and miR-516a-3p and the 3 ¢ UTR of 
 Wee1  was further explored. HeLa cells were tran-
siently transfected with pre-miR precursors, and 
expression of Wee1 was assessed by Western 
blot. A signi fi cant decrease of Wee1 protein was 
detected after pre-miR transfections accompanied 
by a diminished cell proliferation. All these results 
together demonstrated that miR-128a, miR-155 
and miR-516a-3p directly targets the 3 ¢ UTR of 
 Wee1  and also con fi rms that tumor cells which 
have damaged G1 checkpoint may be sensitivity 
for Wee1 inhibition (Butz et al.  2011 ; Zhang et al. 
 1998 ; Koniaras et al.  2001  ) . Underexpression of 
Wee1 in pituitary adenoma cells – similarly to 
other typical slow growing cells (for example 
non-transformed MCF10A and NIH/3T3 cells) 
may promote tumorigenesis by other mechanism. 
In these cells Wee1 inhibition would not lead to 
mitotic catastrophe instead will modify the  fi ne-
tuned timing of G2/M transition. 

 In a recent study Qi et al.  (  2009  )  experimentally 
validated two miRs (miR-195 and miR-372) target-
ing the  Wee1  3 ¢ UTR in stem cells. In our study we 
found that miR-195 was moderately overexpressed 
in NFA, and down-regulated in GH-producing 
adenomas as compared to normal pituitary tissues. 
Our results again re fl ect the complexity of miR-
related protein expression and suggest that  miR-195 
may be differentially involved in the pathomecha-
nism of these two types of pituitary adenomas. All 
these results together may suggest that downregu-
lation of the Wee1 by overexpressed miRs (miR-
128a, miR-155, miR-195 and miR-516a-3p) may 
contribute to the tumorigenesis of the pituitary 
gland (Fig.  16.3 ).   
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   Role of Wee1 in Other Tumors 

 In contrast to data obtained mainly in basic 
research setup, only a few data is available for the 
role of Wee1 in patients suffering from different 
diseases. 

 Backert et al.  (  1999  )  using cDNA microarray 
identi fi ed Wee1 as a potential tumor suppressor 
in colon mucosa. They detected an underexpres-
sion of Wee1 in colon tumor cells compared to 

normal cells which may suggest that decreased 
expression or loss of Wee1 in colon carcinoma 
cells supports Wee1’s tumor suppressor function. 
Another study including 79 patients with non 
small cell lung cancer (NSCLC) found that the 
loss of Wee1 confers an advantage to neoplastic 
cells by allowing faster progression through the 
cell cycle. Using immunohistochemistry they 
observed the absence of Wee1 expression in 
about two thirds of patients. Patients lacking 

  Fig. 16.2    Identi fi cation of the binding sites of miR-128a 
and miR-516a-3p at  Wee1  3 ¢ UTR (Quote partially from 
Butz et al.  2010  ) .  Panel A : wild type and mutant binding 
sites of the predicted miRs in Wee1 3 ¢ UTR.;  Panel B : 
Luciferase activity of HeLa cells after transfection with 
miR-128a and miR-516a-3p.  Open columns : effect of the 
control miR precursor on wild type human  Wee1  3 ¢ UTR. 
 Grey columns : effect of the studied miR precursor on the 
negative control human  Wee1  3 ¢ UTR.  Black columns : 
effect of the studied miR precursor on wild type human 

 Wee1  3 ¢ UTR. The tested miRs signi fi cantly inhibited the 
luciferase activity of vectors containing wild type  Wee1  
3 ¢ UTR.  Panel C : Luciferase activity of HeLa cells after 
transfection with mutant  Wee1  3 ¢ UTR.  Green columns : 
effect of the control pre-miR precursor on the different 
types of  Wee1  3 ¢ UTR.  Blue columns : effects of the miR-
128a and miR-516a-3p on the wild type and mutant  Wee1  
3 ¢ UTR. The predicted binding sites are functionally active 
( Columns  represent mean,  vertical lines  illustrate SD; 
*p < 0.05)       
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expression of Wee1 had a higher recurrence rate 
and a poorer prognosis, and tended to have higher 
Ki-index and proliferating cell nuclear antigen 
(PCNA-LI) levels. They concluded that Wee1 
expression was a signi fi cant prognostic factor and 
Wee1 may be only a weak suppressor of tumor 
progression in NSCLC. 

 Interestingly it has been described in additional 
studies that tumors overexpressing Wee1 prevented 
themselves from mitotic catastrophe. Indeed, 
Wee1 inhibitors may represent suitable anti-tumor 
compounds, as in tumors where the G1 check-
point control is defective by impairment of p53/
Rb pathway, abrogation of the G2 checkpoint by 
Wee1 inhibition could render the tumor cells sen-
sitive to DNA damaging drugs (Kawabe  2004  ) , 
and hence targets for apoptosis. For example, Mir 

et al.  (  2010  )  reported that Wee1 has a gatekeeper 
role against mitotic catastrophe in glioblastoma. 
It was found that inhibition of Wee1 by siRNA or 
small molecular compound in cells exposed to 
DNA damaging agents result in abrogation of the 
G2 arrest, premature termination of DNA repair, 
and cell death. All these results together suggest 
that inhibition of Wee1 sensitizes glioblastoma to 
ionizing radiation in vivo. 

 For conclusion the inhibition of Wee1 kinase 
by a selective small molecule inhibitor signi-
 fi cantly enhances the anti-tumor ef fi cacy of 
DNA damaging agents, speci fi cally in p53 neg-
ative tumors by abrogating S-G2 checkpoints, 
while normal cells with wild-type p53 are not 
severely damaged due to the intact function of 
the G1 checkpoint mediated by p53. That is 

  Fig. 16.3    Regulation of cell cycle in pituitary. Overexpressed miRs that are involved in adenomagenesis through 
inhibition of Wee1 is indicated in  red        
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why the role of Wee1 is strongly context dependent 
(Mizuarai et al.  2009  ) .  

   Future Perspectives 

 Very recently it was found that in particular con-
ditions miRs could be suitable biomarkers of 
pathologic processes. For example miRs isolated 
from serum are sensitive biomarkers for early 
diagnosis of traumatic injury, muscular dystro-
phy or speci fi c tumors (Zhang et al.  2011 ; Mizuno 
et al.  2011 ; Santarelli et al.  2011  ) . They are 
acceptable markers because they are stable in 
plasma and in many cases their quantities show 
good correlation with pathogenic processes e.g. 
as diabetes, in fl ammation or tumors. They repre-
sent suitable tools for screening and monitoring 
of several conditions/diseases. 

 According to the therapeutical application of 
small RNAs the real challenge is their adminis-
tration route. Hence miRNAs expression and 
their effects are cell-type speci fi c is very impor-
tant to introduce the miRNA with potential 
therapeutic role into the targeted tissue. 
However, the initial results of these attempts 
are encouraging. The  fi rst such experimental 
drug (Miravirsen) is currently in Phase II trial. 
This is an anti-miR against miR-122 which is 
essential for reproduction of the Hepatitis C 
virus (HCV). The targeted patient population 
HCV infected patients while the administration 
route is a subcutaneous injection. In preclinical 
studies there are other attempts which are focus-
ing on introduction of miRs intravenously. For 
example, miR-34a is able to reduce the growth 
and metastatic potential of the CD44+ prostate 
cancer (Liu et al.  2011  ) . Apart of miRs siRNA-s 
are also tryed to be used with therapeutic pur-
poses. For delivery of these double stranded 
RNA molecules nanoparticules have been 
applied. In summary it can be imagined that in 
near future more and more novel miRs and 
siRNAs will be identi fi ed and will be tested for 
different processes and parallel these new 
 fi ndings represent start points for development 
of novel therapeutic approaches.      
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  Abstract 

 The PKC family is involved in a wide variety 
of cellular processes such as proliferation, 
senescence and cell death, which are deter-
mined by the speci fi c subcellular targeting of 
these kinases. 

 In adenomatous pituitary cells, it has 
been observed that the enzyme activity and 
expression of PKCs were higher than in nor-
mal pituitary. The isozymes PKC a  and 
PKC e  are usually involved in tumorigenesis 
and are the most expressed in human pitu-
itary adenomas. The speci fi c PKC a  and 
PKC e  activation is closely associated with 
the tumoral pituitary cell proliferation and 
cell cycle progression through the ERK 1/2 
pathway. By contrast, PKC d  has been 
shown to mediate anti-proliferative and 
apoptotic signals. In the regression of pitu-
itary tumors triggered by bromocriptine 
the PKC d  /p38 pathway is involved in a 
non- apoptotic mechanism identi fi ed as 
parapoptosis. 

 Each individual PKC isozyme is undoubt-
edly an attractive target for therapeutic inter-
vention, given its role in survival and cell 
death in pituitary tumors, processes that con-
tribute to the onset and progression of the 
tumorigenesis. The combination of speci fi c 
inhibitors of PKC and the “upstream-down-
stream” kinases of the signalling pathways 
with conventional antitumoral drugs could 
lead to a better tolerance and effectiveness in 
the regression of pituitary tumors.      

      Pituitary Tumor Cells: Role of PKC a , 
PKC d  and PKC e  Expression       
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   Introduction 

 In all multicellular organisms, highly coordinated 
mechanisms are needed to maintain a stable num-
ber of cells in an organization of tissues and organs. 
There is a delicate balance between the rate of pro-
liferation and cell death, and an increased number 
of cells can occur as a result of a change in the signal 
transduction pathways that regulate these two 
essential processes. This can take place at different 
levels: in receptors, in the signaling pathways, and 
in gene expression, with alterations at any of these 
levels possibly causing a normal cell to become 
cancerous (Kazanietz and Blumberg  1996  ) . 

 Pituitary adenomas are common benign mono-
clonal neoplasms accouting for approximately 
15% of intracranial tumors. Although most are 
manageable or have clinically indolent courses, 
several subsets of the tumor can cause signi fi cant 
morbidity and early mortality. In recent years, the 
demonstration that pituitary adenomas are mono-
clonal in origin has provided further evidence 
that pituitary neoplasia arises from the replica-
tion of a single mutated cell, in which growth 
results from either inappropriate expression, the 
activation of proto-oncogenes, or the inactivation 
of tumor suppressor genes. Among the common 
proto-oncogenes that have been analyzed in pitu-
itary tumors are the proteins involved in prolif-
erative signal transduction, such as Protein Kinase 
C (PKC) (Vandeva et al.  2010  ) . 

 PKC isozymes have been grouped into three 
subclasses, according to their regulatory proper-
ties, which are de fi ned by speci fi c domains in the 
proteins. The conventional or classical PKCs 
include PKC a ,  b I,  b II, and  g , and are activated by 
Ca 2+  and/or by diacylglycerol (DAG) and phorbol 
esters. The novel PKCs,  d ,  e ,  q , and  h , which are 
Ca 2+  independent, can also be activated by DAG 
and phorbol esters. Finally, the atypical PKCs, 
which include PKC z  and PKC i , are unresponsive 
to both Ca 2+  and DAG/phorbol esters (Ohno and 
Nishizuka  2002  ) . The PKCs are the main media-
tors of phorbol ester tumor promoters, such as 
phorbol 12-myristate 13-acetate (PMA), with 
individual PKC isozymes displaying differential 
sensitivity (MacEwan et al.  1999  ) . 

 The PKC family is involved in a wide variety 
of cellular processes such as proliferation, senes-
cence and cell death (Ohno and Nishizuka  2002  ) . 
This chapter will address the roles of PKC a  and 
PKC e  in pituitary tumor cells, given that both 
proteins are closely related to the regulation of 
cell proliferation. Moreover, these enzymes are 
usually involved in tumorigenesis (Griner and 
Kazanietz  2007  )  and are the most expressed 
isozymes in human pituitary adenomas (Jin et al. 
 1993  ) .  

   Expression of PKC a  and PKC e  
in Pituitary Cells 

 It has been demonstrated that PKC a ,  b ,  d ,  e ,  z  
and  q  are expressed in the pituitary gland as well 
as in the tumor pituitary GH3 cells (MacEwan 
et al.  1999  ) . The activations of PKCs in pituitary 
cells, has been associated with the regulation of 
cell proliferation (Petiti et al.  2008  ) , and cell 
death (Palmeri et al.  2009  ) , depending on the type 
of stimulus applied to the particular cell as well 
as the speci fi c PKC isozyme. 

 In adenomatous pituitary cells, it has been 
observed that the enzyme activity and expression 
of PKCs were higher than in normal human or rat 
pituitaries. Furthermore, these levels were found 
to be signi fi cantly higher in invasive tumors than 
in non-invasive tumors (Alvaro et al.  1992  ) . 
Immunohistochemical and  in situ  hybridization 
analysis of the calcium-dependent PKC a ,  b , and 
 g  has revealed that PKC a  was the predominant 
isozyme in normal and neoplastic human pitu-
itary adenoma cells. In addition, the localization 
of the calcium-independent PKC d ,  e  and  z  by  in 
situ  hybridization showed that PKC e  mRNA was 
abundantly expressed in human pituitary adenomas 
(Jin et al.  1993  ) . 

 Although PKC mutations are rare, a single point 
mutation in PKC a  was observed in invasive pitu-
itary tumors. It was also reported that this PKC a  
mutant was unable to bind tightly to cellular mem-
branes and that it fails to transduce several antitum-
origenic signals. In addition, it seems that the PKC a  
mutant can in fl uence the progression of endocrine 
tumors by severing the transduction of extracellular 
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signals, which are pivotal in the suppression of 
tumor growth and in the enhancement of apoptosis 
of cancer cells (Zhu et al.  2005  ) .  

   Subcellular Localization of PKC a  
and PKC e  in Pituitary Cells 

 Over recent years, it has become clear that, upon 
activation by different stimuli, each PKC isozyme 
is translocated or targeted to speci fi c intracellular 
compartments, including the plasma membrane, 
Golgi complex, mitochondria and cell nucleus 
(Akita  2002  ) . Several reports have also demon-
strated that PMA induces the translocation of 
PKC isozymes to a speci fi c cellular compart-
ment. For instance, in pancreatic cancer cells, 
phorbol ester treatment resulted in transient PKC a  
activation accompanied by the translocation of 

the enzyme into membrane and nuclear com-
partments, effects that were correlated with the 
regulation of cell cycle progression (Detjen et al. 
 2000  ) . The novel PKC e  has also been reported to 
translocate from the cytosol to the plasma mem-
brane in CHO-K1 cells stimulated with PMA 
(Shirai et al.  1998  ) . 

 The subcellular localization of speci fi c PKC 
isozymes is a key component in determining their 
function and regulation. Recently, it has been 
reported that the proliferation of normal and 
tumoral lactotrophs is closely associated with the 
speci fi c PKC a  and PKC e  plasma membrane 
localizations and with the activation of the 
ERK1/2 pathway after phorbol ester treatment. 
An interesting  fi nding observed was the translo-
cation of PKC a  and PKC e  to the nuclear mem-
brane after PMA treatment, which was even more 
striking in tumoral lactotroph cells (Figs.  17.1  

  Fig. 17.1    Targeting of endogenous PKC a  and PKC e  in 
pituitary tumor GH3B6 cells. The cells were stimulated 
with or without PMA for 15 min, and the PKC isozymes 
localization was analyzed by confocal laser scanning 
microscopy. The phorbol ester stimuli induced PKC a  
and PKC e  translocation from cytoplasm to plasma 

( arrowhead ) and nuclear ( arrows ) membranes.  Inset : the 
tumoral cells show the PKC a  accumulated at the cell-cell 
contact after PMA incubation. The photographs corre-
spond to a representative experiment from a total of three 
which had similar results. Bar = 20  m m (Petiti et al. 
 2009  )        
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and  17.2 ). This result may be associated with the 
mitogenic response to phorbol ester, suggesting 
the participation of these isozymes in this cellular 
process (Petiti et al.  2009  ) .   

 These investigations indicate the existence 
of a close correlation between the subcellular 
localization of PKC isozymes with their differ-
ent biological functions, revealing that these 
localizations are not only isotype or cell line 
speci fi c, but also stimuli speci fi c. The speci fi c 
subcellular targeting of PKC a  and PKC e  could 
be indicative of the role of these kinases in the 
regulation of the activity of normal and tumoral 
lactotroph cells.  

   PKC a  and PKC e  in the Proliferation 
of Tumoral Pituitary Cells 

 Cell and tissue homeostasis depends on a highly 
coordinated network of signaling pathways, 
resulting in the spatial and temporal balance of 
proliferation, growth arrest, differentiation and 
apoptosis. The aberrant regulation of any of these 
biological processes may contribute to the onset 
and progression of tumorigenesis. This is critically 

connected with the participation of PKC isozymes 
(Basu and Sivaprasad  2007  ) , which activate a 
wide variety of signaling cascades, depending on 
the cell type, the stimulus and the isoenzyme 
involved. The mitogen-activated protein kinase 
(MAPK) cascade, which involves Raf, mitogen-
activated kinase effector kinase (MEK) and 
extracellular-signal regulated kinase (ERK) 1/2, 
it is ubiquitously expressed in mammalian cells 
and is implicated in the regulation of cell prolif-
eration as well as cell death (Krishna and Narang 
 2008  ) . There is also evidence that in various cell 
types the ERK/MAPK pathway can be activated 
in either a PKC-dependent or PKC-independent 
manner in response to different stimulus (Qiu and 
Leslie  1994  ) . 

 Pituitary tumors may originate from either 
functional mutations or the overexpression of the 
ubiquitously expressed proto-oncogenes that are 
components of common proliferative pathways. 
Abnormalities in the expression of membrane 
and nuclear receptors, growth factors, transcrip-
tion factors, and their signalling proteins have 
been proposed to play a relevant role in cell 
transformation and/or clonal expansion (Spada 
et al.  2007  ) . 

  Fig. 17.2    Immuno-electron labelling for PKC a  and 
PKC e  in pituitary tumor GH3B6 cells. In control cells, 
PKC a  ( a ) and PKC e  ( d ) immunoreactivities are distrib-
uted throughout the cytoplasm and nucleus ( N ) but not 
associated with speci fi c organelles ( arrows ). The PMA-

treated tumoral cells display immunogold particles for 
PKC a  ( b – c ) and PKC e  ( e – f ) attached to the plasma mem-
brane and nuclear envelope ( arrowhead ). Bar = 1  m m 
(Petiti et al.  2009  )        
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 In previous studies, we have con fi rmed the 
involvement of PKC isozymes in the mitogenesis 
and cell death of normal and tumoral pituitary 
cells (Petiti et al.  2008 ; Palmeri et al.  2009  ) . 
Also, we demonstrated that the activation of 
PKCs by phorbol ester was required to induce 
GH3B6 pituitary adenoma cell proliferation 
(Petiti et al.  2010  ) . Although, the molecular 
mechanism by which PKCs may up-regulate cell 
proliferation in pituitary adenomas is still not 
well understood. The ERK1/2 pathway has 
emerged as a central regulator of cell prolifera-
tion, which controls both cell growth and cell 
cycle progression (Krishna and Narang  2008  ) . 
Recently, it has been observed that ERK1/2 are 
downstream targets of PKCs, which mediate the 
proliferative response of GH3B6 cells to PMA 
(Petiti et al.  2010  ) . 

 Despite PKCs having a clear role in tumori-
genesis, it has been a challenging task to deter-
mine the relative contribution of the individual 
isozymes, in order to de fi ne their speci fi c roles in 
this process (Griner and Kazanietz  2007  ) . PKC e  
seems to be involved in tumor development, 
tumor cell invasion, and metastasis in several tis-
sues (Basu and Sivaprasad  2007  ) , and PKC a  has 
been described to increase the cell proliferation 
in tumor cells, with this effect being mediated by 
ERK1/2 activation (Haughian and Bradford 
 2009  ) . Therefore, a greater knowledge of the 
roles of the individual PKC isozymes in tumor 
development is necessary before being able to 
propose the use of PKC as a therapeutic target. 

 Related to the contribution of different 
isozymes in the proliferation of pituitary tumor 
cells, we reported that PKC a  and PKC e  regulate 
the proliferation of pituitary adenomatous cells, 
with the participation of these PKC isozymes on 
the GH3B6 cell growth being con fi rmed by the 
use of the PKC a  (Gö6976) and PKC e  ( e V1-2) 
inhibitors, which were able to block the mito-
genic activity induced by PMA (Petiti et al. 
 2010  ) . In a previous investigation using normal 
pituitary cells, it was also observed that phorbol 
ester treatment induced the early plasma mem-
brane translocation and activation of PKC e  pro-
moting cell proliferation (Petiti et al.  2008  ) . 
However, using GH3B6 pituitary tumor cells it 

was demonstrated that besides the participation 
of PKC e , the isoenzyme PKC a  also was involved 
in the regulation of cell proliferation induced by 
phorbol ester (Petiti et al.  2010  ) . These above 
studies clearly demonstrate that PKC a  and PKC e  
are attractive therapeutic targets for the control of 
pituitary adenoma growth. In support of this 
assumption, it has been previously reported in 
pituitary tumor HP75 cells that PMA increased 
the tumoral invasion, a process that was blocked 
by the inhibition of PKC a  (Hussaini et al. 
 2007  ) .  

   PKC d  Involved in Pituitary 
Tumor Cell Death 

 From the vast amount of PKC-related literature 
that has been generated, it is now clear that PKCs 
are implicated in modulating almost all aspects 
of tumorigenesis. However, many areas in the 
 fi eld still remain to be explored, particularly those 
related to heterogeneity in functional responses 
conferred by distinct PKC isozymes and the cell-
type dependency of these effects. In this regard, 
there has been more focus on the opposing roles 
generally observed for PKCs in the proliferation, 
survival and promotion of a cancer-cell pheno-
type. For example, there is growing evidence to 
support a role for PKC a  and PKC e  in promoting 
cell survival (Basu and Sivaprasad  2007 ; 
Haughian and Bradford  2009  ) . Whereas, PKC d  
has been shown to convey anti-proliferative and 
apoptotic signals in various cell types. In addi-
tion, the suppression of PKC d  expression or 
activity induces a transformed phenotype or is 
associated with tumour growth (Jackson and 
Foster  2004  ) . 

 It has been well established that numerous 
apoptotic stimuli can lead to PKC d  activation 
through proteolysis of the hinge region, thus 
generating a C-terminal catalytic fragment of 
40 KDa. In GH3B6 pituitary adenoma cells 
was demonstrated that the proteolytic activa-
tion of PKC d  played an important role in the 
programmed cell death (Leverrier et al.  2002  ) . 
The  fi nding that PKCs are involved in apopto-
sis introduces the possibility of targeting PKCs 
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during the therapeutic intervention of diseases, 
where there is deregulation in the processes of 
cell survival and cell death such as cancer. 
Bromocriptine (Bc) has been used in the treat-
ment of human PRL-secreting pituitary ade-
nomas, with cytotoxic and antiproliferative 
effects on pituitary cells causing pituitary 
tumoral mass regression (Stefaneanu et al. 
 2000  ) . Although prolactinomas respond to Bc, 
intolerance and resistance to dopaminergic 
agonists have also been reported (Delgrange 
et al.  2005  ) . Related to this, focusing the search 
for treatments on those promoting cell death 
with minimum side effects has been the objec-
tive in several basic investigations in order 
to optimize the effectiveness of antitumoral 
treatment. 

 In a recent study, we identi fi ed the non-apoptotic 
mechanism parapoptosis to be the predominant 
cell death type involved in the regression of estro-
gen induced pituitary tumors by Bc treatment. 
In this prolactinoma experimental model, Bc 
induced a signi fi cant increase in the expression of 
the 78 kDa PKC d  holoenzyme, and its 40 kDa 
catalytic fragment in the nuclear fraction was 
correlated with the PKC d  translocation to the 
nuclear compartment of pituitary cells at different 
involutive and dying stages, indicative of PKC d  
activation. Moreover, Bc treatment was directly 
related to the increase in the phosphorylation of 
the ERK1/2 and p38 levels in nuclear fraction. 
The occurrence of parapoptosis triggered by Bc 
involve the participation of the PKC d , ERK 1/2, 
and p38 signaling pathways (Palmeri et al. 
 2009  ) . 

 Further investigation into the molecular mech-
anisms of non-apoptotic cell death should yield 
fresh insights into their roles in physiological cell 
death and their potential for manipulation by new 
anti-tumoral drugs.  

   PKC a  and PKC e  Regulation of the Cell 
Cycle of Tumor Pituitary Cells 

 In recent years, it has become increasingly evi-
dent that PKCs can impact on the cell cycle in 
either a positive or negative way, depending on 

the stimuli, the cell type and isozyme speci fi city. 
Indeed, PKC isozymes have been shown to regulate 
the progression of cells from the G1 to S phase 
as well as the transition from the G2 to M phase 
(Fishman et al.  1998  ) . Molecular analysis of 
human pituitary neoplasias has shown that cell 
cycle desregulation is signi fi cantly implicated 
in pituitary tumorigenesis, with an important 
number of genetic and epigenetic alterations 
occurring in pituitary tumors, involving speci fi c 
regulators of the cell cycle (Quereda and 
Malumbres  2009  ) . 

 Evidence has also accumulated supporting the 
idea that the effect of phorbol esters on cell pro-
liferation is determined by the ability of PKC 
isozymes to regulate the cell cycle machinery. In 
pituitary tumor cells, it has been observed that 
activation of PKC a  and PKC e  increased the per-
centage of GH3B6 pituitary adenoma cells in the 
proliferative fraction (S + G2/M), suggesting that 
both PKC isozymes contribute to the regulation 
of the pituitary tumor cell cycle (Petiti et al. 
 2010  ) . In recent years, it has also been demon-
strated that the PKC e  inhibition blocked G1/S 
transition by the accumulation of cells in the G0/
G1 phase in non-small cell lung cancer cells (Bae 
et al.  2007  ) . In T24 urinary bladder carcinoma 
cells, it was shown that PKC alpha inhibitor 
(Go6976) induces dephosphorylation of retino-
blastoma, with this active form being able to 
arrest the cell cycle (Aaltonen and Peltonen 
 2010  ) . 

 Taking into account that more than 80%of 
pituitary tumors display alterations in at least in 
one of the cell cycle regulators during G1/S tran-
sition (Simpson et al.  2001  )  and that PKCs are 
involved in tumor cell cycle regulation, the test-
ing of selective PKC inhibitors as anticancer 
drugs could be proposed for clinical trials. In 
addition, a better knowledge of the speci fi c 
genetic and epigenetic alterations in human 
patients is necessary in order to be able to select 
the best combination of current treatments or to 
propose new therapeutic approaches. Current and 
future genetic models should increase our under-
standing of the pituitary disorders and permit 
evaluation of new therapies before their use in the 
Clinic.  
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   Targeting PKC a  and PKC e  
in Tumor Cells 

 Signal transduction is a fundamental process of 
living cells. It encompasses a multitude of inter-
acting and cross-talking molecular cascades and 
chain reactions that, when in good order, result in 
a cell and healthy organism. However, if these 
cascades are perturbed, in the wrong way, or are 
different due to mutations, then the pathways can 
go awry, and a disease state may ensue. Enormous 
progress has been made in deciphering these 
cascades and in correlating them with diseases. 
Novel drug targets have been identi fi ed within 
cells, as opposed to only surface receptors, which 
have been the mainstay of drug discovery for a 
long time (Persidis  1998  ) . 

 Although targeted therapy has shown potent 
antitumor activity in a variety of solid tumors, 
including breast, colon, and lung cancer, resis-
tance to these agents requires the appraisal of 
novel molecular targeted therapeutics, including 
drugs that interfere with signal transduction for 
cell survival or cell death such as the PKC signal-
ling pathway (Serova et al.  2006  ) . 

 The PKC family is undoubtedly an attractive 
target for therapeutic intervention, given its role 
in tumorigenesis and its potential for enhancing 
the cytotoxicity of existing drugs. Recently, it has 
been reported that enzastaurin (LY317615), a 
PKC b -selective inhibitor, in combination with 
other drugs showed a good tolerance with pre-
liminary evidence of anticancer activity, particu-
larly in thyroid cancer (Hanauske et al.  2009  ) . 

 PEP005 (ingenol-3-angelate) is a novel anti-
cancer agent that was previously shown to 
modulate PKC, resulting in antiproliferative and 
proapoptotic effects in several human cancers 
(Benhadji et al.  2008  ) . In Colo205 colon cancer 
cells, exposure to PEP005 induced translocation 
of PKC d  from the cytosol to the nucleus and other 
cellular membranes, and activation of Raf1, 
ERK1/2, c-Jun NH2-terminal kinase and p38. 
Interestingly this agent also reduced expression of 
PKC a . These data suggest that PEP005 -induced 
activation of PKC d  and reduced expression of 
PKC a  resulted in the apoptosis and decrease of 

cells in the S phase of the cell cycle by mechanisms 
mediated by activation of Ras/Raf/MAPK signaling 
pathways (Serova et al.  2008  ) . 

 Although the extrapolation of the drug effects 
from one cell type to another is not always 
justi fi ed, the action of PEP005 on PKC isozymes 
could be considered in the context of pituitary 
tumor cells, bearing in mind that in these cells 
PKC a  is pro-mitogenic and PKC d  is related to 
cell death (Petiti et al.  2010 ; Palmeri et al.  2009  ) . 
Therefore, the expected effects of this drug on 
pituitary tumors would be the proliferative cell 
inhibition by decreasing the expression of PKC a , 
and also the induction of cell death through the 
activation of PKC d  /p38. 

 To date, there are few reports that inform on 
the speci fi c PKC isozymes implicated in pituitary 
tumorigenesis and drug resistance. Therefore, a 
deeper understanding of PKC family expression 
could help in producing predictive biomarkers to 
optimize the diagnosis and treatment of pituitary 
disorders. The combination of speci fi c inhibitors 
of PKC and the “upstream-downstream” kinases 
of the signalling pathways with conventional 
cytotoxic could lead to a better tolerance and 
effectiveness in the regression of pituitary tumors. 
In addition, future studies about the effects of 
drugs that selectively inhibit PKCs/MAPK path-
ways might produce signi fi cant advances in the 
treatment of pituitary diseases.      
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  Abstract 

 Pituitary tumors are in most cases monoclonal 
adenomas arising from the adenohypophysial 
cells, and represent about 15% of intracranial 
tumors. They, while benign tumors, show a 
signi fi cant morbidity related to the endocrino-
logical symptoms of hypo- or hyper-secretion 
of hormones and/or mass effect of the tumor 
on adjacent brain structures. Despite their 
considerable social impact, yet relatively little 
is known about the molecular events underly-
ing pituitary tumorigenesis. Recent studies 
have demonstrated that the  High Mobility 
Group A   (HMGA)  gene family, including 
 HMGA1  and  HMGA2 , has a critical role in the 
development of pituitary adenomas. Indeed, 
the  HMGA2  gene is ampli fi ed and overex-
pressed in several pituitary adenomas, and, 
consistently, transgenic mice overexpressing 
either Hmga1 or Hmga2 develop pituitary 
adenomas. The overexpression of the HMGA 
proteins would induce pituitary adenomas 
mainly by enhancing the activity of the tran-
scription factor E2F1 and by upregulating the 
expression of cyclin B2 and other genes 
involved in the regulation of the cell cycle.      

   Introduction 

 The tumors of the anterior pituitary gland account 
for up to 15% of diagnosed brain tumors, while 
occult adenomas are discovered in as many as 25% 
of unselected autopsies, and are the second most 
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common type of intracranial tumor by histology in 
young adults in the 20–34 years age range. 
Although they are generally benign and rarely 
progress to carcinomas, a signi fi cant proportion of 
pituitary adenomas (PA) show invasive and/or 
recurrent growth characteristics (Heaney and 
Melmed  2004  ) . For this and the clinical conse-
quences of hyper- or hypo-secretion of hormones, 
as well as the mass effect on adjacent brain struc-
tures, PA have a signi fi cant social impact. 

 As recently reported in a large study in the 
province of Liege, Belgium, most of PA are pro-
lactinomas (66.2%), followed by non-functional 
tumors (NFPA) (14.7%), somatotropinomas 
(13.2%) and corticotroph adenomas (5.9%) (Daly 
et al.  2006  ) . With the sole exception of soma-
totroph adenomas, 40% of which are associated 
with the activating mutation of the  gsp  oncogene 
(Landis et al.  1989  ) , little is known about the 
genetic defects leading to pituitary tumor forma-
tion, which likely involves multiple initiating and 
promoting factors. Indeed, a number of alterations 
in the expression of growth factors and their recep-
tors, cell cycle regulation and signal transduction 
pathways, speci fi c hormonal factors or other mol-
ecules with still unclear mechanism of action have 
been reported in human PA and sometimes sup-
ported by transgenic or knockout animal models 
(Asa and Ezzat  2009  ) . However, it is not clear yet 
which pathogenic changes are speci fi cally associ-
ated with the different PA sub-types, and whether 
these aberrations are an initial or late event in tum-
origenesis. Here, we focus on the recently discov-
ered role in PA development of a group of 
chromatinic proteins, the HMGA proteins.  

   The High Mobility Group A (HMGA) 
Proteins 

 The High Mobility Group A (HMGA) family is 
comprised of three low molecular weight proteins: 
HMGA1a, HMGA1b, and HMGA2 (formerly 
HMGI, HMGY, and HMGI-C, respectively). They 
are encoded by two distinct genes,  HMGA1  and 
 HMGA2 , which are located either on human chro-
mosome 6p21 and on human chromosome 12q13–
15, respectively. These proteins bind the minor 

groove of AT-rich DNA sequences through three 
short basic repeats, the so-called “AT-hooks” and 
orchestrate the assembly of nucleoprotein com-
plexes through a high-grade network of protein-
DNA and protein-protein interactions, playing key 
roles in chromatin architecture, gene transcription 
and replication. These functions have important 
rebounds in a wide spectrum of biological pro-
cesses, ranging from embryonic development, cell 
differentiation and transformation, cell cycle pro-
gression, apoptosis, senescence, DNA repair, up to 
different aspects of cell physiopatholgy (Fusco 
and Fedele  2007 ; Hock et al.  2007  ) . 

 Both  HMGA  genes are widely and abundantly 
expressed during embryogenesis, conversely the 
expression of  HMGA2  has not been detected in 
any of the several adult mouse and human tissues 
tested, is very low in CD34 positive hematopoi-
etic stem cells, in mouse preadipocytic proliferat-
ing cells and in meiotic and post-meiotic cells 
(secondary spermatocytes and spermatids). As 
far as HMGA1 is concerned, its expression in 
adult tissues is much lower in comparison with 
that observed in embryonic tissues (Fusco and 
Fedele  2007  ) . Overexpression of  HMGA1  and 
 HMGA2  represents a general feature of experi-
mental and human malignancies. However, no 
mutations or rearrangements have been detected 
in human carcinomas apart from a few cases of 
hematological neoplasias where alterations of 
 HMGA2  have been reported. In malignant tumors 
of a wide range of tissues, including thyroid, 
colon, pancreatic, breast, lung and gastric cancer, 
a clear association between high HMGA1/A2 
expression and a poor prognosis has been also 
observed, suggesting detection of HMGA pro-
teins as both diagnostic molecular markers and 
predictors of poor postoperative survival (Fusco 
and Fedele  2007  ) . 

 It is now clearly established that the overex-
pression of HMGA in different types of cancer is 
not casually associated to cell transformation, but 
plays a causal role in tumor development. Indeed, 
 in vitro  studies have shown that blocking the syn-
thesis of HMGA proteins can either prevent neo-
plastic transformation or lead neoplastic cells to 
death. Furthermore, overexpression of HMGA 
proteins can transform cells  in vitro  and determine 
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the development of several forms of neoplasias 
 in vivo , including lipomas, NK-T/NK and T cell 
lymphomas, uterine leyomiomas,  fi broadenomas 
of the breast, salivary gland adenomas and mixed 
growth hormone/prolactin cell pituitary ade-
nomas (Fedele et al.  2010  ) . 

 The HMGA proteins have also a critical role in 
the generation of human benign tumors of mesen-
chymal origin in which the  HMGA2  gene is rear-
ranged. The effects of such rearrangements are 
dysregulation of the  HMGA2  gene, its expression, 
truncation, or formation of fusion genes encoding 
chimeric transcripts containing the three AT-hooks 
of  HMGA2  and ectopic sequences from other 
genes. In some cases only few amino acids are 
fused to the HMGA2 DNA binding domains, sug-
gesting that the loss of the  HMGA2  sequences 
rather than the acquisition of new sequences is 
important for HMGA2 oncogenic activity. Recent 
studies evidence that the loss of the 3 ¢  untrans-
lated region (3 ¢ UTR) contributes to the HMGA2 
oncogenic activity. Indeed, the  HMGA2  3 ¢ UTR 
contains target sequences for different microRNAs 
(miRs), such as let-7, miR-98, and miR-196. Since 
miRs can down-regulate gene expression at the 
post-transcription level by binding to sequences 
located in the 3 ¢ UTR region of the target genes 
and causing either cleavage of the mRNA or inhi-
bition of protein synthesis, the truncation of the 
 HMGA2  gene, with the consequent loss of its 
3 ¢ UTR, would result in increased HMGA2 pro-
tein levels that would have oncogenic activity 
(Mayr et al.  2007  ) .  

   The HMGA Proteins in Pituitary 
Adenomas 

 In the late 1990s, cytogenetic analysis revealed 
that a small fraction of human pituitary adenomas 
showed an abnormal karyotype characterized by 
hyperdiploid or near triploid modal chromosome 
numbers and rare random structural abnormali-
ties (Bettio et al.  1997  ) . Subsequently, microsat-
ellite and interphase FISH studies indicated that 
trisomy of chromosome 12, the chromosome 
where  HMGA2  gene is located, is pathogeneti-
cally important, and represents the most frequent 

cytogenetic alteration in human prolactinomas 
(Finelli et al.  2002  ) . Using BAC probes encom-
passing the entire  HMGA2  locus, ampli fi cation 
and/or rearrangement of the  HMGA2  gene was 
observed in most of the prolactinomas analyzed, 
suggesting that the increased dosage of chromo-
some 12 might be a condition predisposing to 
selective overrepresentation of the  HMGA2  locus 
and/or rearrangement of the  HMGA2  gene (Finelli 
et al.  2002  ) . In all the prolactinoma samples ana-
lyzed in this study, an induction of HMGA2 pro-
tein expression was detected, indicating a critical 
role of HMGA2 in human prolactinomas (Finelli 
et al.  2002  ) . Overexpression of HMGA2 has been 
recorded also in human NFPA, which rarely har-
bor trisomy 12, suggesting a mechanism of acti-
vation different from that mainly operating in 
prolactinomas (Pierantoni et al.  2005  ) . 

 In a recent study by Qian et al.  (  2009  ) , the 
expression of HMGA2 and its possible associa-
tion with let-7 miR expression were investigated 
in a series of 98 human PA of different histotypes. 
Nuclear staining of HMGA2 was observed in 
prolactinomas, silent ACTH adenomas and FSH/
LH adenomas, whereas HMGA2 immunoreac-
tivity was negative in 4 normal pituitary glands. 
High levels of expression of HMGA2 correlated 
with tumor grade, extent of invasion, tumor size, 
and higher Ki-67 proliferation index. Interestingly, 
HMGA2 overexpression was associated to down-
regulation of let-7 expression that would account 
for the elevated HMGA2 protein levels and con-
sequent pituitary cell transformation (Qian et al. 
 2009  ) . 

 As far as HMGA1 is concerned, neither rear-
rangements nor ampli fi cation of the  HMGA1  
locus have been detected in human pituitary ade-
nomas (Fedele et al.  2010  ) , but overexpression of 
the  HMGA1  gene has been described in different 
subtypes of human pituitary adenomas (Evans 
et al.  2008 ; De Martino et al.  2009  )  and trans-
genic mice overexpressing HMGA1 develop 
pituitary adenomas (Fedele et al.  2005  ) . Also in 
this case, deregulation of a miR that targets 
HMGA1 might account for HMGA1 overexpres-
sion: indeed miR-16, which targets the  HMGA1  
mRNA (Kaddar et al.  2009  ) , is down-regulated in 
human prolactinomas (Bottoni et al.  2005  ) . 
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Therefore, these data clearly indicate that HMGA 
overexpression is an important and frequent event 
in pituitary tumorigenesis.  

   HMGA-Transgenic Mice: Animal 
Models of Pituitary Tumorigenesis 

 The critical role of HMGA2 proteins in pituitary 
oncogenesis is validated by the phenotype of trans-
genic mice overexpressing the  HMGA2  gene under 
the transcriptional control of the cytomegalovirus 
promoter (Fedele et al.  2002  ) . In fact, starting from 
6 months of age, 85% of female animals developed 
pituitary adenomas secreting GH and prolactin. 
Signi fi cant higher prolactin and GH circulating 
levels were evidenced, in Hmga2 mice with respect 
to controls, by the age of 6 months, although clini-
cal symptoms of the tumor appeared by the age of 
12 months. This tumor was easily detachable from 
the surrounding brain tissue and not showing any 
evidences of gross in fi ltration of the brain or sphe-
noid bone. Nevertheless, by the age of about 
12 months, the Hmga2 mice carrying a pituitary 
tumor, showed deformed skulls, several symptoms 
of head tilt (loss of equilibrium, excessive tear pro-
duction and general behavioural changes sugges-
tive of headache) and premature death (Fedele et al. 
 2002  ) . The transgenic males developed the same 
phenotype with a lower incidence (40%) and a lon-
ger latency period (about 18 months). Similarly, 
mice expressing a truncated  Hmga2  transgene 
develop PA histologically undistinguishable from 
those developed by Hmga2 mice, but with an inci-
dence close to 100% in the female gender (Fedele 
and Fusco  2010  ) . Interestingly, the same phenotype 
is also observed in mice overexpressing  Hmga1  
(Fedele et al.  2005  )  supporting the idea that both 
 HMGA  family genes could play a pivotal role in 
pituitary adenoma development.  

   Molecular Mechanisms in the HMGA-
Mediated Pituitary Tumorigenesis 

 Since the HMGA are mainly involved in tran-
scriptional regulation and their role depends on 
the interaction with other proteins, studies aimed 

at identifying the mechanisms by which these 
proteins could be involved in pituitary tumorigen-
esis have moved in two main directions: (a) the 
search for new HMGA-interactors that are already 
known to have an important role in the develop-
ment of pituitary adenomas; (b) the search for 
downstream effectors of HMGA proteins by the 
analysis of the gene expression pro fi les of pitu-
itary tumors induced by HMGA overexpression. 

   HMGA Proteins Enhances E2F1 Activity 

 Since mice carrying a germ-line mutation of one 
pRB allele are highly predisposed to develop 
pituitary tumors, and this occurs also in mice 
with impaired functioning of p27 or p18, both of 
which converge on pRB (Fedele and Fusco  2010  ) , 
it was decided to investigate a possible role of 
HMGA2 protein in pRB pathway. 

 pRB controls cell cycle progression through 
its interaction with the E2F family of transcrip-
tion factors. E2F1 is known to activate transcrip-
tion of a number of genes required for the S phase 
of the cell cycle. Inactivation of transcription of 
E2F1 target genes entails recruitment of pRB by 
E2F1 to the gene promoters. This recruitment 
masks the activation domain of E2F1 and pre-
vents its interaction with the general transcrip-
tional machinery. In addition, pRB recruits class 
I histone deacetylase (HDAC1) proteins that 
repress transcription by removing acetyl groups 
from the histone octamer. Removal of the 
acetyl groups facilitates the condensation of 
nucleosomes into chromatin, which in turn blocks 
access to transcription factors and leads to gene 
repression. 

 E2F1 activity was highly increased in pituitary 
adenomas from Hmga2 mice compared to wild 
type glands and it has been shown that HMGA2 
binds to pRB and prevents it from repressing the 
E2F1-responsive promoters mainly by displacing 
HDAC1 from pRB (Fedele et al.  2006  ) . 
Subsequently, the critical role of E2F1 increased 
activity in the pituitary tumorigenesis of Hmga2 
mice was con fi rmed by the drastic reduction in 
the incidence and severity of the pituitary tumor 
phenotype obtained by crossing the Hmga2 mice 
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with E2F1 knockout mice (Fedele et al.  2006  ) . 
Therefore, the activation of E2F1 by HMGA2 is 
a critical event in pituitary tumorigenesis likely 
accounting for the development of the same 
pathology observed in pRB+/− mice. The crucial 
role of enhanced E2F1 activity in the onset and 
progression of pituitary prolactinomas seems also 
con fi rmed by the expression pro fi le of non-inva-
sive, invasive and aggressive-invasive prolactino-
mas (Wierinckx et al.  2007  ) . Five genes involved 
in the cell cycle (PTTG, ASK, CCNB1, AURKB 
and CENPE), all of them regulated at transcrip-
tion level by E2F1, were highly up-regulated in 
the aggressive-invasive prolactinomas, suggest-
ing a correlation of the HMGA-dependent activa-
tion of E2F1 with invasion, progression and 
recurrence of pituitary tumors.  

   HMGA Proteins Up-Regulate CCNB2 
and Other Cell Cycle-Related Genes 

 Cell cycle dysregulation appears to be the main 
pathogenetic event in the development of pitu-
itary tumors. In fact, it has been estimated that 
more than 80% of human pituitary tumors show 
alterations at least in one of the regulators of the 
cell cycle (Malumbres and Barbacid  2001  ) . These 
alterations are frequently represented by epige-
netic events that target several cell cycle regula-
tors, leading to overexpression of cyclins (mainly 
D1, D3, E, B1 and B2), as well as downregula-
tion of CKIs (mainly p16 INK4A , p15 INK4B , p27 Kip1 , 
and p21 Cip1 ) and pRB expression (Farrell and 
Clayton  2003  ) . The alteration of cell cycle as a 
critical event in the induction of pituitary ade-
nomas by the  HMGA2  gene is further con fi rmed 
by the direct role of HMGA proteins in the upreg-
ulation of cyclin B2 gene transcription, leading to 
overexpression of cyclin B2 in pituitary ade-
nomas developed by mice carrying  Hmga  trans-
genes (De Martino et al.  2009  ) . Indeed,  ccnb2  
was one of the most up-regulated genes in pitu-
itary adenomas from Hmga2 mice in comparison 
with normal pituitary glands from wild-type mice 
(De Martino et al.  2007  )  and both the HMGA 
proteins are able to bind the mouse  ccnb2  
promoter region, enhancing its activity and 

driving up-regulation of  ccnb2  gene transcription 
(De Martino et al.  2009  ) . Moreover, a direct cor-
relation between  CCNB2  and  HMGA  expression 
levels was reported in a panel of human pituitary 
adenomas of different histotypes, supporting a 
direct role of HMGA proteins in the regulation of 
cyclin B2 protein also in human pituitary ade-
nomas (De Martino et al.  2009  ) . 

 Interestingly, the analysis of the mRNA 
expression pro fi le of the pituitary adenomas aris-
ing in Hmga2 transgenic mice also revealed the 
overexpression of other genes, such as  ccnb1 , 
 ccnd3  and  cdc2 , coding for proteins involved in 
cell cycle regulation (De Martino et al.  2007  ) . 
Some of them are frequently altered by epige-
netic events in human pituitary adenomas (Farrell 
and Clayton  2003  ) . Cyclin D1 is frequently over-
expressed in all sub-types of human pituitary 
adenomas, with prevalence in NFPA. A cyclin 
D1 gene allelic imbalance has also been described 
in about 25% of analyzed adenomas (Hibberts 
et al.  1999  ) . B-type cyclins have recently been 
described as overexpressed in many human pitu-
itary adenomas, with prevalence in prolactinomas 
(Wierinckx et al.  2007 ; De Martino et al.  2009  ) . 
Therefore, by acting as regulators of different 
steps of cell cycle progression, the HMGA pro-
teins play a crucial role in the maintenance of the 
pituitary cell homeostasis.  

   HMGA Proteins Down-Regulate 
the MIA Gene 

 Consistent with the ability of HMGA proteins of 
either activate or repress many different genes, it is 
possible that other mechanisms may contribute to 
the role of HMGA2 in pituitary tumorigenesis. 
Among the genes most down-regulated in the gene 
chip microarray analysis above described, there was 
the  Mia/Cd-rap  gene, whose expression was essen-
tially suppressed in all of the mouse pituitary ade-
nomas analysed. This gene encodes a small, secreted 
protein that is expressed normally at the onset of 
chondrogenesis. Interestingly, it is secreted by 
malignant melanoma cells and elicits growth inhibi-
tion of melanoma cells  in vitro . Moreover, in mela-
noma cells it has been shown that Mia/Cd-rap 
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interacts with components of the extracellular 
matrix, such as laminin and  fi bronectin, suggesting 
that it may have a function in regulating cellular 
motility and metastasis (Fedele et al.  2010  ) . De 
Martino et al.  (  2007  )  reported that the HMGA pro-
teins are able to bind the  Mia/Cd-rap  gene promoter 
and negatively regulate its activity. Moreover, the 
same authors reported that Mia/Cd-Rap overexpres-
sion in rat pituitary cells causes growth inhibition, 
suggesting a potential tumor suppressor role for 
the  Mia/Cd-rap  gene in pituitary tumorigenesis. 
Consistently, a subsequent study showed MIA as 
one of the most down-regulated genes in prolacti-
nomas  versus  normal controls (Evans et al.  2008  ) .  

   Other Possible Mechanisms 

 Since HMGA proteins play a plethora of differ-
ent roles in different cells, it cannot be excluded 
that other mechanisms may contribute to the 
HMGA-mediated pituitary cell transformation. It 
is likely that the ability of the HMGA proteins to 
positively regulate interleukin-2 (IL-2) expres-
sion (Baldassarre et al.  2001  )  might have a role in 
enhancing pituitary cell proliferation. In fact, 
several evidences, including the presence of IL-2 
receptors on pituitary cells and the up-regulation 
of c-fos following stimulation with IL-2, indicate 
that this cytokine acts as autocrine and paracrine 
factor of the anterior pituitary gland regulating 
both cell proliferation and hormone secretion. 
The up-regulation of the IL-2 pathway in pitu-
itary adenomas of  Hmga1 - and  Hmga2 -transgenic 
mice seem to validate this hypothesis (Fedele ,  
unpublished data). 

 A role in pituitary cell transformation by the 
HMGA proteins might be also the drastic increase 
in the HMGA-induced pituitary adenomas of Pit-
1, a trancriptional factor that is critical in the 
development and proliferation of GH-, PRL- and 
TSH-secreting pituitary cells (Fedele and Fusco 
 2010  ) . It could be speculated that HMGA2 leads 
to hyperplasia of cells expressing Pit-1 or alterna-
tively that the abnormal growth of the embryonic 
cells secreting GH and PRL may induce Pit-1 
expression. However, it has been recently dem-
onstrated that HMGA proteins bind both Pit-1 

and Pit-1-responsive DNA elements, thus positively 
modulating the  Pit-1  promoter, also synergisti-
cally cooperating with Pit-1 (Palmieri et al.  2012 ). 
Moreover, high expression levels of Pit-1 repre-
sents a constant feature of human pituitary GH 
and PRL secreting adenomas, and different evi-
dences suggest a potential role for Pit-1 in cell 
proliferation, prevention of apoptotic death and 
pathogenesis of pituitary tumors (Fedele and 
Fusco  2010  ) . Therefore, both the hypotheses are 
worth of consideration. Finally, since HMGA2 is 
a stem cell marker that participates in the mainte-
nance of the stem cell self-renewal capacity 
(Nishino et al.  2008  ) , it is reasonable to hypoth-
esize that HMGA2 over-expression may contrib-
ute to the expansion of pituitary stem cells that 
may represent a potential start site of the transfor-
mation process (de Almeida et al.  2010  ) .   

   Conclusions and Therapeutic 
Perspectives 

 All the data reported in the literature assess a 
critical role for overexpression of the HMGA 
proteins in pituitary tumorigensis. Indeed, over-
expression of both HMGA1 and HMGA2 pro-
teins, in some cases also associated with 
ampli fi cation or rearrangement of the  HMGA2  
locus, has been found very frequently in human 
pituitary adenomas (Fusco and Fedele  2007  ) , and 
consistently, transgenic mice overexpressing 
either  Hmga1  or  Hmga2  develop pituitary ade-
nomas (Fedele et al.  2002,   2005  ) . 

 The critical role of HMGA proteins in pituitary 
tumorigenesis is likely in their quite unique ability 
to activate multiple signals that act on different 
aspects of the biology of the pituitary cell involved 
in the neoplastic transformation. Due to this impor-
tant role of the HMGA protein overexpression in 
the development of a signi fi cant number of prolac-
tinomas, a therapy based on the suppression of the 
HMGA2 function may be envisaged for the treat-
ment of recurrent prolactinomas. To design such a 
therapy different approaches may be taken in con-
sideration: (a) restoration of the expression of 
miRs, having as targets HMGA1 and/or HMGA2, 
which are down-regulated in pituitary adenomas 
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in comparison with the normal pituitary; (b) inoc-
ulation of siRNA targeting the HMGA proteins; 
(c) Inhibition of HMGA protein activity by drugs. 
The availability of transgenic mice overexpressing 
either Hmga1 or Hmga2 will represent an excel-
lent animal model to test the ef fi cacy of this and 
other innovative therapies for pituitary adenomas.      
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  Abstract 

 Whilst the majority of pituitary tumors are 
benign, local invasion is common and the cur-
rently available markers to determine pituitary 
tumor invasiveness are imperfect. Loss of the 
invasion-suppressor E-cadherin, at the cell 
membrane has been identi fi ed in a variety of 
human malignancies and has been associated 
with invasion in prolactinomas, although not 
for other pituitary tumor subtypes. More 
recently nuclear staining of E-cadherin has 
been identi fi ed in a number of tumors includ-
ing pituitary adenomas. Whilst methylation of 
the promoter of E-cadherin is common in pitu-
itary adenomas, preserved mRNA expression 
has been demonstrated in association with 
absent membranous staining supportive of 
protein movement rather than loss. Nuclear 
E-cadherin has been demonstrated to be com-
mon in nonfunctioning pituitary adenomas 
and a subset of growth hormone-secreting 
adenomas in which it is associated with tumor 
size and invasion. Nuclear E-cadherin may 
in fl uence tumor growth through regulation of 
the p120-Kaiso signaling pathway and modu-
lation of apoptosis. The presence of nuclear 
E-cadherin in pituitary adenomas may prove 
to be a useful marker in identifying invasive 
pituitary adenomas.      

      Pituitary Adenomas: Role 
of E-Cadherin in Tumor Invasion       
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   Introduction 

 The vast majority of pituitary tumors are benign 
but still may result in signi fi cant morbidity and 
premature mortality through mass effect and 
hormonal dysfunction. One dif fi culty with 
pituitary tumors is determining which tumors 
will recur or become invasive following initial 
surgical resection and require additional inter-
vention. Similar to many non-pituitary endo-
crine tumors, markers of invasiveness used in 
other tumor types are frequently less useful in 
pituitary tumors. The World Health Organization 
(WHO) classi fi cation includes a separate code 
for an atypical pituitary adenoma; that is one 
which has atypical morphological features sug-
gestive of aggressive behavior which may 
include an elevated mitotic index, Ki-67 label-
ing index >3% and extensive nuclear staining 
for p53 immunoreactivity (DeLellis et al. 
 2004  ) . However, as these pathological features 
are not consistent across clinically invasive 
pituitary adenomas, alternative markers to 
identify invasive pituitary tumors are required, 
both for prognosis and as potential therapeutic 
targets. 

 E-cadherin has been proposed as a marker 
associated with pituitary tumor invasion. Loss 
of E-cadherin at the cell surface has been asso-
ciated with invasion and metastasis in a wide 
variety of human tumor types, including prolac-
tin-secreting pituitary adenomas (Qian et al. 
 2002  ) . Recently E-cadherin has been detected in 
the nucleus of some tumor types; this is only 
identi fi able when performing immunohis-
tochemical staining using an antibody directed 
against the cytoplasmic domain. Demonstration 
of nuclear E-cadherin is reported to be associ-
ated with invasion in tumors such as pancreatic 
neuroendocrine tumors (Chetty et al.  2008  ) . 
Similarly, nuclear staining for E-cadherin has 
been identi fi ed in pituitary tumors and found to 
be associated with tumor invasion (Elston et al. 
 2009 ; Fougner et al.  2010  ) . This chapter will 
focus on the identi fi cation of altered E-cadherin 
expression in pituitary adenomas and its role in 
pituitary tumor invasion.  

   Markers of Invasion in Pituitary 
Tumors 

 Pituitary carcinomas diagnosed by central nervous 
system metastases or extracranial spread are 
rare with an estimated incidence of approxi-
mately 0.2% of pituitary tumors (Ragel and 
Couldwell  2004  ) . Although the overwhelming 
majority of pituitary tumors are benign, some of 
these adenomas are locally invasive and grow 
into surrounding venous sinuses, bone, dura, 
and brain tissue. Reported rates of invasive pitu-
itary tumors vary considerably depending on the 
method used to determine invasiveness. For 
example, dural invasion is common even in 
tumors considered to be non-invasive (up to 
69% of microadenomas and 94% of macroade-
nomas when assessed histologically) (Selman 
et al.  1986  )  and so is not predictive of an aggres-
sive tumor. Markers of invasiveness used in 
other tumor types are frequently less useful in 
endocrine tumors including pituitary tumors. 
Histology alone is unable to reliably differenti-
ate between benign, invasive and malignant 
pituitary adenomas because features such as 
atypia, nuclear pleomorphism, necrosis and 
mitotic index are not consistently increased in 
invasive tumors compared with those which are 
non-invasive. 

 Whilst the WHO classi fi cation markers of an 
atypical pituitary adenoma (DeLellis et al.  2004  )  
may point to a tumor being more invasive they 
are not uniformly demonstrated in invasive 
lesions. For example, whilst more aggressive 
pituitary tumors frequently have a higher Ki-67 
labeling index, cut-offs differ between studies, 
the labeling index may vary according to 
tumor subtype and, for functional tumors, as to 
whether medical pre-treatment was given. For 
these reasons Ki-67 labeling index does not 
 uniformly correlate with tumor invasion. Con-
sequently, alternative markers to identify invasive 
tumors are required. E-cadherin has been demon-
strated to be associated with invasion in a 
number of human tumors and therefore may pro-
vide a useful marker for invasion in pituitary 
tumors.  
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   E-Cadherin Structure and Function 

 E-cadherin is a member of the classic cadherin 
family of transmembrane glycoproteins. The 
classic cadherin family includes E-cadherin, 
N-cadherin and P-cadherin, and are a subgroup 
of the larger cadherin superfamily containing 
over 30 members. E-cadherin, N-cadherin and 
P-cadherin are the most widely studied of the 
classic cadherins and are named after the tissues 
in which they were  fi rst described – epithelial, 
neural and placental, respectively. The classic 
cadherins contain three domains – an extracellu-
lar domain containing  fi ve cadherin repeats, a 
single transmembrane domain and a highly 
 conserved cytoplasmic domain (Fig.  19.1 ). 
Homophilic interactions between the extracellu-
lar domains of E-cadherin molecules results in 
calcium-dependent cell-cell adhesion. The cyto-
plasmic domain of E-cadherin has two functional 
components – a juxtamembrane domain (JMD) 
and a catenin-binding domain (CBD). E-cadherin 
is encoded by the gene  CDH1 , located on chro-
mosome 16q22.1. The  CDH1  promoter contains 
a CpG island which extends into the  fi rst exon 
and intron.  CDH1  contains 16 exons and is tran-
scribed into a 4,851 bp mRNA. This is translated 

into an 882 amino acid, 135 kDa precursor protein 
which is rapidly processed into the mature 
120 kDa molecule.   

   E-Cadherin as a Cell Adhesion 
Molecule 

 E-cadherin acts at the adherens junction as part of 
a multiprotein complex important in cell-cell 
adhesion and signaling. The CBD of E-cadherin’s 
cytoplasmic domain is linked to the actin 
cytoskeleton via  b -,  g - and  a -catenin and p120 
protein. Whilst  b -catenin is an important part of 
this cell adhesion complex it is also the central 
mediator of the canonical Wnt signaling pathway 
(Fig.  19.2 ). In this pathway, binding of a Wnt 
ligand to the frizzled-lipoprotein-related protein 
receptor complex results in disassembly of the 
 b -catenin destruction complex [which is com-
prised of adenomatous polyposis coli (APC), 
AXIN, glycogen synthase kinase 3 b  (GSK3 b ) 
and casein kinase 1 (CKI)]. This Wnt signaling 
leads to cytoplasmic accumulation and nuclear 
translocation of unphosphorylated  b -catenin. 
Nuclear  b -catenin can then increase the transcrip-
tion of genes involved in cell proliferation such 
as MYC and cyclin D1. Retention of  b -catenin at 

  Fig. 19.1     Schematic structure of E-cadherin.   N  N-terminus,  C  C-terminus,  JMD  juxtamembrane domain       
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the cell membrane as part of the cell adhesion 
complex with E-cadherin helps prevent excess 
cytoplasmic availability of  b -catenin.  

 Normal E-cadherin expression is important in 
maintaining cell polarity and epithelial tissue 
integrity. Loss of E-cadherin expression is asso-
ciated with epithelial-mesenchymal transition 
(EMT) whereby epithelial tissue changes its phe-
notype from one of epithelial morphology (with 
expression of typical epithelial markers such as 
E-cadherin and cytokeratin), to one in which 
there is loss of cell-cell contact and the develop-
ment of cell motility and expression of mesen-
chymal markers (such as N-cadherin and 
vimentin). This loss of cell adhesion and increased 
motility is associated with tumor cell invasion. 
Re-expression of E-cadherin in cell culture mod-
els is associated with reversion to a more benign 
phenotype consistent with E-cadherin acting to 
suppress invasion (Vleminckx et al.  1991  ) . 
Membranous E-cadherin protein levels are regu-
lated by the Armadillo family member, p120 
which is required for stabilization of E-cadherin 
at the cell membrane. P120 binds to the JMD and 

loss of p120 results in internalization of 
E-cadherin due to interaction of clathrin adaptor 
proteins with an internalization sequence in the 
cytoplasmic tail of E-cadherin. 

 Altered E-cadherin gene and/or protein 
expression may also be secondary to a number 
of other potential mechanisms. Loss of heterozy-
gosity of the region containing the  CDH1  locus 
is common in many cancers including breast 
and gastric cancer and may provide one hit 
towards silencing E-cadherin gene expression. 
 CDH1  contains a CpG island in the promoter 
which extends into the  fi rst exon and  fi rst intron. 
A CpG island is an area of DNA rich in cyto-
sine and guanine (CpG) dinucleotides and 
approximately half of all human genes contain 
a CpG island in the promoter and  fi rst exon. 
Methylation of CpG islands in the promoter of 
a gene is a well-recognized mechanism of gene 
silencing. Most CpG dinucleotides in CpG 
islands, especially those in the promoter of 
genes, are unmethylated, however, in cancers 
normal methylation patterns are altered and 
many CpG sites that should be methylated 

  Fig. 19.2     Simpli fi ed schematic illustrating the   dual 
roles of  b -catenin.  On the  left  the pivotal role of  b -catenin 
as the central mediator of the Wnt- b -catenin signaling 
pathway is shown. On the  right  the role of  b -catenin in 
cell adhesion is demonstrated in association with other 
cell adhesion complex members E-cadherin, p120, 

 a -catenin and the actin cytoskeleton.  Fz  frizzled,  LRP  
lipoprotein-related protein,  GSK3 b   glycogen synthase 
kinase 3, beta,  CKI  casein kinase 1,  APC  adenomatous 
polyposis coli,  TCF  T-cell factor,  LEF  lymphoid enhancer 
factor       
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become unmethylated and vice versa. E-cadherin 
has previously been demonstrated to be methy-
lated in a number of human tumors including 
breast cancer. Transcriptional repression of 
 CDH1  may also occur secondary to transcrip-
tional repressors such as Snail homolog 1 
(SNAI1), Slug (SNAI2), ZEB1, ZEB2, E47, 
TCF4 and TWIST1 (Peinado et al.  2007  ) . Some 
of these transcriptional repressors are targets of 
the microRNA (miR) family miR200 therefore 
alterations in miR expression may also alter 
E-cadherin protein levels (Hurteau et al.  2007  ) . 
Additionally, induction of phosphorylation of 
E-cadherin protein may result from the actions 
of factors such as IGF1R and c-MET resulting 
in ubiquitination and degradation (Christofori 
 2006  ) . E-cadherin may also be cleaved by vari-
ous metalloproteinases, caspase and  g -secretase 
(Christofori  2006 ; Ferber et al.  2008  ) . 

 Germline mutations in  CDH1  are responsible 
for loss of E-cadherin protein expression in 
hereditary diffuse gastric cancer (Guilford et al. 
 1998  )  and somatic  CDH1  mutations have been 
identi fi ed in lobular breast cancer (Berx et al. 
 1995  ) . There is also a common single nucleotide 
polymorphism within the E-cadherin promoter 
(−160 C/A) which alters transcription factor 
binding and so in fl uences gene transcription. 
Carriers of the A allele have increased rates of 
certain cancers such as lung, prostate and gastric 
(Li et al.  2000  ) .  

   Membranous E-Cadherin 
Immunostaining in Pituitary Tumors 

 Normal anterior pituitary tissue demonstrates a 
strong cytoplasmic membrane staining pattern 
for E-cadherin (Tsuchiya et al.  2006  )  (Fig.  19.3a ). 
Pituitary adenomas have been reported to demon-
strate loss of cytoplasmic membrane staining 
(Fig.  19.3b ) however the reported frequency of 
absent staining has varied markedly between 
studies ranging from 0 to 100% (Kawamoto et al. 
 1997 ; Schwechheimer et al.  1998  ) . These discor-
dant  fi ndings are at least in part due to differences 
in the tumors included in the studies. Tumor size 
has been shown to correlate with E-cadherin 
membrane staining with microadenomas demon-
strating higher rates of staining than macroadenomas 
(Qian et al.  2007  ) . E-cadherin cytoplasmic mem-
brane status appears to vary according to tumor 
subtype and GH-secreting adenomas with promi-
nent  fi brous bodies have been demonstrated to 
show reduced cytoplasmic membrane staining 
compared to GH-secreting adenomas without 
prominent  fi brous bodies (Xu et al.  2002 ; 
Nishioka et al.  2003 ; Qian et al.  2007  ) . In addi-
tion, pre-treatment of GH-secreting adenomas 
with somatostatin analogues has been demon-
strated to be associated with lower E-cadherin 
levels, as measured by Western blotting, although 
not when assessed by immunohistochemistry 

  Fig. 19.3     E-cadherin immunohistochemistry using an  
 antibody (clone 36/E, BD-Transduction   Laboratories, 
Franklin Lake, NJ,   USA) recognizing the cytoplasmic  
 domain.  Both images are counterstained with hematoxy-
lin. ( a ) Normal pituitary Original magni fi cation ×600. 

Strong membranous and weak cytoplasmic staining is 
demonstrated with absent nuclear staining. ( b ) Non-
functioning pituitary adenoma. Original magni fi cation 
×600. Nuclear staining is demonstrated with absent cyto-
plasmic membrane staining       
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(Fougner et al.  2010  ) . Non functioning pituitary 
adenomas (NFAs) have also been reported with 
frequent loss of cell membrane E-cadherin stain-
ing (Qian et al.  2007 ; Elston et al.  2009  ) . Invasive 
prolactinomas, classi fi ed by the modi fi ed Hardy 
criteria, have been demonstrated to show reduced 
cell membrane E-cadherin staining compared to 
non-invasive adenomas (Qian et al.  2002  ) . 
However, with the exception of prolactinomas, 
E-cadherin cell membrane staining has not cor-
related with invasion in most studies (Kawamoto 
et al.  1997 ; Qian et al.  2002 ; Xu et al.  2002 ; 
Yamada et al.  2007 ; Elston et al.  2009  ) .   

   Membranous E-Cadherin 
and Beta-Catenin 

 Loss of other members of the cell adhesion com-
plex, notably  b -catenin may be associated with 
tumor invasion. The presence of membranous 
 b -catenin in pituitary adenomas has identi fi ed to 
be weak or absent in approximately 16% of 
tumors (Tziortzioti et al.  2001 ; Elston et al.  2008  ) . 
Absent membranous  b -catenin has been shown to 
correlate with tumor invasion (Elston et al.  2008  ) . 
Loss of cell membrane  b -catenin staining has 
been reported to be associated with loss of 
E-cadherin cytoplasmic membrane staining in 
both invasive prolactinomas (Qian et al.  2002  )  
and in other tumor subtypes (Elston et al.  2009  ) . 
Loss of membranous  b -catenin is only rarely 
associated with nuclear  b -catenin (Tziortzioti 
et al.  2001 ; Elston et al.  2008  )  suggesting that a 
mechanism other than activation of the canonical 
Wnt signaling pathway is likely to be the cause of 
tumor invasion.  

   Mechanism of Altered Membranous 
E-Cadherin Expression in Pituitary 
Adenomas 

 As outlined earlier there are a number of potential 
mechanisms by which cell-surface expression of 
E-cadherin may be lost in tumors. One proposed 
mechanism is down-regulation of E-cadherin 
gene ( CDH1)  expression via methylation of the 

CpG island in its promoter. In a study assessing 
eight prolactinomas with decreased E-cadherin 
membrane staining no hypermethylation was 
found when assessed by methylation-speci fi c 
PCR (MSP) (Qian et al.  2002  ) . However, hyperm-
ethylation was identi fi ed using MSP in 6/16 
GH-secreting tumors with prominent  fi brous bod-
ies although not in 10 GH-secreting tumors with-
out  fi brous bodies (Xu et al.  2002  ) . In a larger 
series, assessing both clinically functioning and 
nonfunctioning adenomas, hypermethylation of 
the promoter was identi fi ed in 25/69 tumors using 
MSP (Qian et al.  2007  ) . Of the 25 tumors with 
hypermethylation, E-cadherin staining was absent 
or signi fi cantly decreased in 22, however almost 
half of the unmethylated tumors also showed 
decreased E-cadherin staining (Qian et al.  2007  ) . 
This suggests that promoter methylation is likely 
to be only one mechanism involved in the 
decreased cytoplasmic membrane staining of 
E-cadherin. 

 Absent E-cadherin cell membrane staining is 
associated with germline mutations in  CDH1  in 
hereditary diffuse gastric cancer (Guilford et al. 
 1998  )  and somatic mutations in  CDH1  have been 
identi fi ed in lobular breast cancer (Berx et al. 
 1995  ) . No somatic E-cadherin mutations have yet 
been identi fi ed in pituitary adenomas (Elston 
et al.  2009  ) . 

 Whilst a number of studies have assessed 
E-cadherin protein immunostaining only two 
previous studies have assessed gene expression 
in pituitary adenomas. In the  fi rst study  CDH1  
mRNA expression was readily detected in 12/14 
pituitary adenomas although concomitant protein 
levels were not reported (Howng et al.  2002  ) . 
Preserved  CDH1  mRNA expression was con fi rmed 
by a second study by a different group in which 
30 adenomas which had mRNA expression 
assessed also had cytoplasmic membrane stain-
ing performed (Elston et al.  2009  ) . All tumors 
except one had detectable mRNA expression 
despite the majority of tumors having absent or 
markedly decreased cytoplasmic membrane 
staining. Given these  fi ndings of detectable mRNA 
expression in the presence of absent cytoplasmic 
membrane staining whilst methylation of the 
E-cadherin promoter appears to frequently be 
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identi fi ed, a protein-based mechanism appears to 
be a more likely explanation for the apparent 
reduction in E-cadherin at the cytoplasmic mem-
brane in these adenomas than reduced gene 
expression.  

   Nuclear E-Cadherin Expression 
in Pituitary Adenomas 

 E-cadherin has been detected in the nucleus 
 associated with loss of its cytoplasmic membrane 
staining in pancreatic, Merkel cell and esophageal 
tumors, suggesting that nuclear accumulation of 
this protein occurs during neoplasia (Chetty and 
Serra  2008b ; Chetty et al.  2008  ) . Commercial anti-
bodies have been generated against different 
domains of E-cadherin (most commonly either the 
extracellular domain or the cytoplasmic domain). 
Detection of nuclear staining is highly dependent 
on the antibody used as nuclear staining is only 
detectable when immunohistochemistry is per-
formed using an antibody directed against the 
cytoplasmic domain. Two studies have assessed 
nuclear staining of E-cadherin in pituitary ade-
nomas using an antibody against the cytoplasmic 
domain. Elston et al.  (  2009  )  demonstrated nuclear 
E-cadherin staining in 38/44 (86%) of pituitary 
adenomas and in 0/8 normal pituitary tissue sam-
ples (Fig.  19.3 ). In this study, tumor subtype was 
strongly correlated with nuclear staining such that 
NFAs demonstrated nuclear staining in 26/28, 
whereas clinically functioning tumors were more 
likely to have absent or only weak nuclear staining 
but only small numbers of functioning tumors 
were assessed. No prolactinomas were included in 
this study. Furthermore, nuclear E-cadherin stain-
ing correlated with tumor invasion, as graded 
according to the modi fi ed Hardy criteria, and 
Ki-67 labeling index. Fougner et al.  (  2010  )  studied 
83 GH-secreting adenomas, 29 of which had been 
treated preoperatively with somatostatin analogues 
and identi fi ed nuclear staining in 9/80 tumors. 
Nuclear staining correlated with tumor size and 
tumors demonstrating nuclear E-cadherin positiv-
ity demonstrated less shrinkage in response to 
somatostatin analogues than those which had neg-
ative staining (Fougner et al.  2010  ) .  

   Correlation Between Membranous 
and Nuclear E-Cadherin Staining 

 In the two studies in which the immunohis-
tochemical status of E-cadherin in pituitary ade-
nomas was assessed using antibodies to both the 
extracellular and cytoplasmic domains an inverse 
correlation between nuclear and cytoplasmic 
membrane staining was demonstrated (Elston 
et al.  2009 ; Fougner et al.  2010  ) . Given the absent 
membrane staining is typically associated with 
preserved mRNA expression; these  fi ndings sug-
gest that E-cadherin is translocated to the nucleus 
during pituitary neoplasia, possibly following 
cleavage of its extracellular domain.  

   Mechanism of Nuclear E-Cadherin 
Translocation 

 The mechanism by which E-cadherin is translo-
cated to the nucleus is currently unclear. In a 
study of solid pseudopapillary tumors of the pan-
creas, nuclear localization of E-cadherin was 
demonstrated in association with the presence of 
nuclear  b -catenin leading the authors to suggest 
that these two proteins may be physically associ-
ated in this process (Chetty and Serra  2008a  ) . 
However, in pancreatic endocrine tumors, fre-
quent nuclear E-cadherin staining was found 
despite absence of nuclear  b -catenin suggesting 
that nuclear  b -catenin is not necessarily required 
for nuclear accumulation of E-cadherin (Chetty 
et al.  2008  ) . In that particular study, aberrant 
E-cadherin staining was associated with absent/
decreased  b -catenin cytoplasmic membrane 
staining (Chetty et al.  2008  ) . Similar  fi ndings 
have been reported for pituitary adenomas in 
that whilst absent or decreased  b -catenin cyto-
plasmic membrane staining is associated with 
decreased cytoplasmic membrane E-cadherin 
staining the majority of tumors with absent or 
decreased membranous E-cadherin staining have 
preserved  b -catenin cytoplasmic membrane 
staining (Elston et al.  2009  ) . Nuclear  b -catenin 
staining appears to be an uncommon  fi nding in 
pituitary adenomas (Tziortzioti et al.  2001 ; 
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Elston et al.  2008  )  supporting the  fi ndings from 
pancreatic neuroendocrine tumors in that move-
ment of E-cadherin into the nucleus is not depen-
dent on  b -catenin. More recently it has been 
demonstrated that the cytoplasmic fragment of 
E-cadherin is cleaved by a  g -secretase and trans-
locates into the nucleus assisted by p120 (Ferber 
et al.  2008  ) . In pituitary tumors p120 has been 
studied only in prolactinomas where it has been 
demonstrated to have an exclusively membranous 
staining pattern (Qian et al.  2002  ) . Prolactinomas 
have yet to be assessed for the presence of nuclear 
E-cadherin.  

   Mechanism of Action of E-Cadherin 
in Tumor Invasion 

 E-cadherin has been termed an “invasion sup-
pressor” and may promote tumor invasion through 
loss of cell-cell contact thereby encouraging cell 
migration or through effects on cell signaling 
pathways (Christofori  2006  ) . Potential mecha-
nisms for altered E-cadherin expression in tumor 
invasion include: loss of cell adhesion, interfer-
ence of cell adhesion by a cleaved extracellular 
fragment of E-cadherin, increased cytoplasmic 
availability of  b -catenin, and activation of path-
ways involved in proliferation by the cleaved 
cytoplasmic fragment of E-cadherin. 

 Nuclear accumulation of E-cadherin may result 
from cleavage of E-cadherin by  g -secretase, 
releasing a 38 kDa soluble C-terminal fragment 
which then translocates into the nucleus assisted 
by p120 (Ferber et al.  2008  ) . In the nucleus p120 
interacts with the transcriptional repressor Kaiso 
preventing it from binding to DNA (Ferber et al. 
 2008  ) . Ferber et al.  (  2008  )  demonstrated that the 
C-terminal fragment of E-cadherin regulates 
p120-Kaiso-mediated signaling pathway by bind-
ing to DNA and that p120 is required for DNA 
binding. In addition to modulation of the p120-
Kaiso pathway, the nuclear cytoplasmic fragment 
of E-cadherin may also regulate apoptosis (Ferber 
et al.  2008  ) . In esophageal squamous cell carcino-
mas the presence of nuclear E-cadherin staining 
was demonstrated to be associated with elevated 
nuclear cyclin D1 levels and in functional studies 

the cytoplasmic domain of E-cadherin was shown 
to induce cyclin D1 promoter activity (Salahshor 
et al.  2008  ) . Cyclin D1 has been demonstrated to 
be elevated in pituitary adenomas, in particular 
NFAs (Hibberts et al.  1999 ; Jordan et al.  2000 ; 
Elston et al.  2008  ) , and it is possible that in addi-
tion to the other known mechanisms such as gene 
duplication, this increase in cyclin D1 is contrib-
uted to by nuclear E-cadherin acting through the 
p120-Kaiso signaling pathway. 

 In conclusion, E-cadherin is an “invasion sup-
pressor” and may promote tumor invasion 
through loss of cell-cell contact thereby encour-
aging cell migration or, via nuclear translocation 
of a cytoplasmic fragment, through effects on 
cell signaling pathways such as the p120-Kaiso 
pathway. In pituitary tumors E-cadherin cell 
membrane staining is associated with tumor size 
and subtype. Absent membranous staining has 
been variably demonstrated and appears only to 
be consistently associated with invasion for pro-
lactinomas. Whilst methylation of the  CDH1  
promoter has been demonstrated in pituitary 
adenomas the mechanism by which absent mem-
branous staining in pituitary adenomas occurs 
appears to be predominantly protein-based and 
is likely to be secondary to cleavage of the cyto-
plasmic domain which then translocates into the 
nucleus whereby it may be detected using an 
antibody directed against the cytoplasmic 
domain. Nuclear E-cadherin staining has been 
identi fi ed in a subset of pituitary tumors where it 
appears to be associated with tumor size, inva-
sive status and, for GH-secreting adenomas, 
response to somatostatin analogues. If these 
 fi ndings are con fi rmed in further larger studies 
E-cadherin may prove to be an additional marker 
to help identify invasive pituitary adenomas.      
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  Abstract 

 Wnt signaling is important in the regulation of 
normal embryological development of the pitu-
itary gland. Many human tumors have been 
identi fi ed as having altered Wnt signaling and 
recently the Wnt signaling pathways have also 
been identi fi ed as being perturbed in pituitary 
adenomas. Whilst data on the presence of nuclear 
 b -catenin, the central mediator of the canonical 
Wnt signaling pathway, have been con fl icting, 
altered expression of the Wnt signaling pathway 
inhibitors, WIF1 and members of the SFRP fam-
ily appear to be common in pituitary adenomas 
and are likely to contribute to pituitary tumori-
genesis. The mechanism by which this occurs is 
yet to be elucidated but is likely to occur through 
one of the non-canonical Wnt signaling path-
ways. Targeting Wnt signaling may prove to be a 
novel therapeutic option for pituitary tumors. 
However, due to our incomplete understanding 
of the roles of the different Wnt pathways in 
pituitary tumors and the crosstalk between path-
ways, such therapy needs to be carefully studied 
due to the potential for unexpected deleterious or 
long-term consequences.      

   Introduction 

 Clinically diagnosed pituitary adenomas have a 
prevalence of ~1/1,000 (Daly et al.  2006  ) . Although 
more than 99% of these pituitary tumors are benign, 
they may still result in signi fi cant morbidity and 
even premature mortality due to mass effect and/or 
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hormonal dysfunction. The majority of pituitary 
tumors are sporadic but the molecular pathogenesis 
of these relatively common tumors is still not 
understood. New techniques in modern molecular 
biology, such as microarray analysis, have identi fi ed 
several previously unrecognized pathways, such as 
the Wnt signaling pathways, that are dysregulated 
in pituitary tumors. Wnt signaling is known to be 
important in pituitary development and dysregula-
tion of Wnt signaling has been well characterized 
in other human tumor types, in particular colorectal 
cancer, although until relatively recently these 
pathways have received little attention in pituitary 
tumors. This chapter brie fl y reviews the Wnt sig-
naling pathways and focuses on the potential role 
of Wnt signaling in pituitary tumorigenesis.  

   Overview of the Wnt Signaling 
Pathways 

 The term “Wnt” is derived from the mouse  Wnt1  
gene which was initially termed  Int-1  as it is the 
preferred integration site for the Mouse Mammary 
Tumor Virus (MMTV) in virally induced breast 
tumors (Nusse and Varmus  1982  ) .  Int-1  was 
identi fi ed as the mammalian homologue of the 
Drosophila gene  wingless  therefore the term  Wnt1  
was coined as the amalgamation of  wingless  and 
 Int-1 . Wnts are a highly conserved family of secreted 
glycoproteins which are important for the normal 
development of both invertebrates and vertebrates. 
There are 19 known  WNT  genes in mammals and 
these are typically classi fi ed into those associated 
with the so-called canonical, or Wnt- b -catenin, 
pathway (Wnt1, Wnt2, Wnt2B etc.) and those asso-
ciated with non-canonical pathways (Wnt5A, 
Wnt5B, Wnt11 etc.). In addition, some Wnt ligands 
appear to in fl uence either pathway type depending 
on the cellular context. Wnt target genes are often 
tissue-speci fi c, and a large number of downstream 
Wnt signaling targets have been identi fi ed including 
genes involved in proliferation such as  MYC ,  cyclin 
D1 (CCND1), p21,  and  PITX2 . 

 Wnt signaling is regulated by the balance 
between the various Wnt ligands, their receptors, 
and the Wnt antagonists. Two main classes of Wnt 
antagonists inhibit Wnt signaling. These two groups 

of Wnt inhibitors can be classi fi ed according to the 
mechanism by which inhibition occurs. The  fi rst 
group, which includes the  fi ve member secreted 
frizzled-related protein (SFRP) family and Wnt 
inhibitory factor 1 (WIF1), bind directly to the Wnt 
ligand and inhibit it binding to the frizzled receptor 
complex. These inhibitors therefore theoretically 
may inhibit either the canonical or non-canonical 
pathways. The second group of Wnt inhibitors 
includes the Dickkopf (DKK) and Sclerostin 
(SOST) families which inhibit canonical Wnt sig-
naling by binding directly to the lipoprotein recep-
tor-related protein (LRP) 5 or LRP6 co-receptor. 

 Three major Wnt signaling pathways have been 
described: the Wnt- b -catenin, or canonical, path-
way; the Wnt/Jun N-terminal kinase (JNK); and the 
Wnt-calcium pathway. Of these pathways by far the 
best characterized is the Wnt- b -catenin pathway 
(Fig.  20.1 ) which has been implicated in the patho-
genesis of a number of human tumor types. The 
canonical pathway has been most intensively inves-
tigated in colon cancer in which mutations occur in 
one or more of the key pathway components; 
 Adenomatous polyposis coli  ( APC ),  CTNNB1,  the 
gene encoding  b -catenin, or  AXIN1 , in almost all 
colorectal tumors (Morin et al.  1997  ) . These muta-
tions result in failure of phosphorylation and ubiq-
uitin-mediated destruction of  b -catenin which 
therefore accumulates in the cytoplasm. Beta-
catenin can then translocate into the nucleus to 
in fl uence the transcription of target genes such as 
cyclin D1, resulting in increased cell proliferation.  

 The Wnt/JNK pathway was initially discovered 
due to its role in planar cell polarity in  Drosophila . 
Binding of Wnt ligands such as Wnt11 and Wnt5A 
to the frizzled receptor leads to the recruitment of 
small GTPases such as RhoA and cdc42 resulting 
in activation of JNK or rho kinase. Wnt5A, in 
addition to acting as a ligand in the Wnt/JNK path-
way, also stimulates the Wnt-calcium pathway 
resulting in intracellular calcium release and acti-
vation of protein kinase C, calmodulin kinase II 
and calcineurin. Whilst the Wnt- b -catenin path-
way has been well established to have a pivotal 
role in tumorigenesis, these non-canonical path-
ways have been less well-de fi ned and evidence of 
their role in cancer development has only relatively 
recently emerged (Jessen  2009  ) .  
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  Fig. 20.1     Summary of the Wnt-beta-catenin   path-
way. (a ) The Wnt inhibitors, Wnt inhibitory factor 1 
( WIF1 ) and the secreted frizzled-related proteins ( SFRPs ) 
block Wnt signaling by binding to the Wnt ligand pre-
venting activation of the frizzled ( Fz ) lipoprotein recep-
tor-related protein ( LRP ) receptor complex. The Dickkopf 
( DKK ) family binds to the  LRP5/6  co-receptor. In the 
absence of Wnt signaling,   b -catenin  is phosphorylated by 
the destruction complex of Adenomatous polyposis coli 
( APC ),  Axin , glycogen synthase kinase 3, beta ( GSK3 b  ) 
and casein kinase 1 ( CK1 ). Phosphorylated beta-catenin 
is recognized by the E3 ubiquitin ligase complex and fol-
lowing ubiquitination is rapidly degraded by the prote-

osome. Wnt target genes are repressed by the binding of 
Groucho to the T-cell factor ( TCF )/lymphoid enhancer 
binding factor ( LEF ) family of transcription factors. ( b ) 
Binding of the Wnt ligand to the Fz/LRP5/6 receptor 
complex activates Dishevelled ( Dsh ) resulting in phos-
phorylation of the LRP co-receptor by CKI and GSK3 b  
which results in recruitment and disassembly of the deg-
radation complex thereby beta-catenin remains unphos-
phorylated. Beta-catenin thus accumulates in the 
cytoplasm and translocates into the nucleus where it can 
affect the transcription of target genes (Reprinted from 
Elston and Clifton-Bligh  (  2010  ) , Copyright 2010, with 
permission from Elsevier)       
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   Wnt Signaling and Pituitary 
Development 

 Wnt signaling is important in normal pituitary 
development. The pituitary gland, with dual 
embryonic origin from oral and neural ectoderm, 
forms under the control of extrinsic developmen-
tal signals such as members of the Wnt signaling 
families, bone morphogenic protein-4 (BMP4), 
and members of the  fi broblast growth factor 
(FGF) family as well as intrinsic signals from the 
oral ectoderm such as Sonic hedgehog (Treier 
et al.  1998  ) . Various Wnt ligands have been dem-
onstrated to be expressed during pituitary devel-
opment, in particular Wnt4 and Wnt5a.  Wnt4  has 
been demonstrated to be expressed in Rathke’s 
pouch (Treier et al.  1998  ) . Decreased  a -subunit, 
thyrotroph and somatotroph cell populations 
have been reported in  Wnt4   −/−   mice as compared 
to wild-type littermates (Treier et al.  1998 ; Potok 
et al.  2008  ) . Wnt5a expression has been reported 
throughout the ventral diencephalon (Treier et al. 
 1998  ) .  Wnt5a   −/−   mice have abnormal branching 
of the dorsal pouch although the anterior lobe 
was reported to appear similar to wild-type mor-
phologically (Potok et al.  2008  ) . Disruption of 
 Wnt5a  expression also results in altered FGF and 
BMP expression in the ventral diencephalon 
which is consistent with cross-talk between these 
pathways in pituitary development (Potok et al. 
 2008  ) . In addition to Wnt4 and Wnt5a a number 
of other Wnt pathway members have also been 
detected during murine pituitary development. 
These include the Wnt ligands  Wnt2b ,  3 ,  10b , 
 11 , and  16 ; the Frizzled receptors,  Fzd 1 ,  2 ,  3 ,  4 , 
 6 ,  8 ; and the Wnt inhibitors  Wif1 ,  Wnt inhibitor 
in the   surface ectoderm  ( Wise ), and  Sost  (Potok 
et al.  2008  ) .  

   Beta-Catenin and Pituitary 
Tumorigenesis 

 The central mediator of the canonical Wnt sig-
naling pathway is  b -catenin and until recently 
this was the main Wnt pathway member studied 
in pituitary tumors. Activation of the canonical 

Wnt signaling pathway results in nuclear accu-
mulation of  b -catenin which is readily detect-
able by immunohistochemistry. This may occur 
due to a number of mechanisms such as loss of 
Wnt pathway inhibitors, abnormalities in the 
destruction complex such as inactivating muta-
tions in AXIN1, or activating mutations in 
 CTNNB1 . Of the seven published papers report-
ing on the presence/absence of nuclear  b -catenin 
immunohistochemistry in pituitary adenomas, 
 fi ve did not identify nuclear  b -catenin in any 
pituitary adenomas (Qian et al.  2002 ; Xu et al. 
 2002 ; Buslei et al.  2005 ; Elston et al.  2008 ; 
Miyakoshi et al.  2008  )  and a sixth described 
only infrequent staining (2/154 cases) (Tziortzioti 
et al.  2001  ) . This contrasts to the  fi ndings of 
Semba et al. who reported nuclear staining in 21 
of the 37 adenomas studied (Semba et al.  2001  ) . 
The reason for these con fl icting results is 
unclear. In an attempt to clarify this issue immu-
nohistochemistry was performed in a group of 
24 pituitary tumors using the anti-ABC clone 
8E7 (Upstate cell signaling solutions, Lake 
Placid, NY, USA) (Elston, unpublished data). 
This antibody recognizes amino acid residues 
36–44 of the  b -catenin molecule and is speci fi c 
for the active form of  b -catenin (dephosphory-
lated on serine 37 or threonine 41) (anti-ABC). 
Unphosphorylated  b -catenin accumulates if 
there is activation of the pathway; therefore an 
antibody which detects this particular form of 
 b -catenin may be more sensitive in detecting 
nuclear accumulation than a less speci fi c anti-
body. Nuclear staining was identi fi ed in all 
tumors, however normal pituitary tissue also 
had scattered cells showing staining although 
this was signi fi cantly less than seen in tumors 
(Elston, unpublished data). Whilst these  fi ndings 
are suggestive of activation of the Wnt- b -catenin 
pathway the validity of these  fi ndings is unclear 
as a recent report suggested that the anti-ABC 
antibody 8E7 also cross-reacts with a widely 
expressed, variably accessible, nuclear antigen 
which is not  b -catenin (Maher et al.  2009  ) . 
Therefore, on balance, there does not appear to 
be convincing evidence for frequent nuclear 
accumulation of  b -catenin in pituitary adenomas 
to date.  
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   Mutations in Beta-Catenin 
Destruction Complex Members 

 The study by Semba et al. which reported the 
presence of nuclear staining for  b -catenin in 57% 
of pituitary tumors also included an analysis of 
exon 3 of  CTNNB1 , the gene which encodes 
 b -catenin (Semba et al.  2001  ) . Somatic mutations 
in exon 3, which is the hot spot for activating 
mutations, were identi fi ed in 4/21 samples stud-
ied (Semba et al.  2001  ) . These  fi ndings have not 
been con fi rmed by other groups. Tziortzioti et al. 
 (  2001  )  did not identify any mutations in a 23 
sample cohort (which included two samples with 
nuclear  b -catenin accumulation on immunohis-
tochemistry). Findings from an additional 113 
patients have been reported and no  CTNNB1  
mutations identi fi ed (Xu et al.  2002 ; Buslei et al. 
 2005 ; Oikonomou et al.  2005 ; Lee et al.  2009  ) . 
Mutations in other key pathway genes ( GSK3 b , 
APC, AXIN1 ) have also been investigated but not 
identi fi ed (Buslei et al.  2005 ; Sun et al.  2005  ) . In 
addition, normal expression of the APC protein 
has been reported (Sun et al.  2005  ) . Based on 
these studies it appears that mutations in the 
genes encoding  b -catenin and the destruction 
complex members do not play a signi fi cant role 
in pituitary tumorigenesis.  

   Wnt Inhibitor Expression in 
Pituitary Tumors 

 Microarray analysis provides a snapshot of gene 
expression at one particular point in time by 
allowing assessment of the expression of thou-
sands of genes simultaneously and potentially 
may identify genes which may not be selected for 
study by other means. It was by this technique 
that altered expression of Wnt pathway antago-
nists in pituitary tumors were  fi rst identi fi ed sug-
gesting that, despite the lack of nuclear  b -catenin 
in pituitary tumors, Wnt signaling may play an 
important role in pituitary tumorigenesis.  SFRP1  
was the  fi rst Wnt inhibitor identi fi ed as having 
altered expression in pituitary tumors in a study 
where 11 nonfunctioning adenomas (NFAs) were 

compared to 8 normal pituitary samples (Moreno 
et al.  2005  ) . This group identi fi ed elevated expres-
sion of  SFRP1  in NFAs although this gene was 
not selected for further validation. In addition 
they also identi fi ed increased expression of  PITX2  
and  CCND1 , two Wnt-  b -catenin target genes. 
SFRP1 has previously been reported to act as 
either a Wnt antagonist or agonist (Rubin et al. 
 2006  )  but given the two elevated Wnt target genes 
the authors concluded that these results were 
most probably consistent with increased Wnt/ b -
catenin signaling in NFAs (Moreno et al.  2005  ) . 
Most studies have demonstrated that the  SFRP  
family members are putative tumor suppressor 
genes which has been shown in a number of 
human tumors including gastrointestinal, breast, 
cervical and bladder cancers (Rubin et al.  2006  ) . 
However  SFRP1  has been reported to have anti-
apoptotic effects in uterine leiomyomas (Rubin 
et al.  2006  )  suggesting that the net effect of 
 SFRP1  expression may well be context depen-
dent. Elevation of  SFRP1  expression in NFAs has 
been con fi rmed by other groups (Altenberger 
et al.  2006 ; Shorts-Cary et al.  2007  )  although 
only one group has also assessed  SFRP1  mRNA 
expression using real-time quantitative RT-PCR 
(qPCR) which showed that whilst elevated  SFRP1  
mRNA expression was present in a signi fi cant 
subset of NFAs (22/31) this was not signi fi cant 
for the entire cohort of NFAs nor in the other 
pituitary tumor subtypes studied (growth hor-
mone (GH)-, adrenocorticotropin (ACTH)- and 
thyroid-stimulating hormone- secreting ade-
nomas) (Elston et al.  2008  ) . 

 In addition to  SFRP1 , on review of microarray 
data from other studies a number of other  SFRP  
family members have also been shown to demon-
strate altered gene expression. In a 2005 micro-
array study (Morris et al.  2005  )   SFRP4  
was under-expressed in NFAs, GH- ACTH- and 
prolactin (PRL)-secreting adenomas (−15.4-fold, 
−12.7-fold, −3.2-fold and −7.8-fold, respectively) 
(data accessible at NCBI GEO database  accession 
 GSE 2175 ). These  fi ndings have also been 
con fi rmed by other groups (Altenberger et al. 
 2006 ; Shorts-Cary et al.  2007 ; Elston et al.  2008  )  
and it appears that under-expression of  SFRP4  in 
pituitary tumors occurs across all subtypes, both 
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functioning and nonfunctioning. Similar  fi ndings 
have also been reported for  SFRP2  (Shorts-Cary 
et al.  2007 ; Elston et al.  2008  )  and  SFRP3  (better 
known as  FRZB  [frizzled motif associated with 
bone development]) (Altenberger et al.  2006 ; 
Elston et al.  2008  ) . This contrasts to  SFRP5  
which was shown to have borderline elevation in 
only one study (Shorts-Cary et al.  2007  )  whereas 
when assessed by qPCR no difference in mRNA 
expression was identi fi ed in either functioning or 
NFAs as compared to normal pituitary tissue 
(Elston et al.  2008  ) . 

 WIF1 inhibits Wnt signaling by the same 
mechanism as the SFRP family – by binding to the 
Wnt ligand thus preventing it interacting with the 
frizzled/LRP receptor complex. A number of dif-
ferent cancers and cell lines have been shown to 
have decreased  WIF1  expression including lung 
and gastrointestinal cancers (Mazieres et al.  2004 ; 
Taniguchi et al.  2005  ) .  WIF1  expression has 
recently been demonstrated to be signi fi cantly 
decreased across all pituitary adenoma subtypes 
(apart from prolactinomas which were not studied) 
as compared to normal pituitary tissue (Elston 
et al.  2008  ) . Reduced expression of  WIF1  has been 
con fi rmed on review of microarray data from two 
other groups (Altenberger et al.  2006  )  (personal 
communication Greisa Vila, Anton Luger) and 
(Shorts-Cary et al.  2007  )  (personal communica-
tion Aaron Knox, Margaret Wierman), and more 
recently shown in a study of prolactinomas (Jiang 
et al.  2010  ) . Validation of the microarray  fi ndings 
for  WIF1  were con fi rmed using qPCR in a larger 
group of tumors (Elston et al.  2008  ) . Additionally, 
WIF1 protein expression was assessed by immu-
nohistochemical staining and was also identi fi ed 
as being decreased in 76% of pituitary adenomas 
with the majority of tumors that showed preserved 
staining being clinically functioning adenomas 
(Elston et al.  2008  )  Restoration of WIF1 expres-
sion in cancer cell lines has been shown to decrease 
colony formation and decrease cell growth 
(Taniguchi et al.  2005  ) . These tumor suppressor 
effects of  WIF1  have been demonstrated to persist 
even in the presence of downstream canonical Wnt 
pathway mutations (He et al.  2005  ) .  In vitro  stud-
ies in pituitary tumors have demonstrated that, 
similar to other human tumors,  WIF1  is also likely 

to be a tumor suppressor gene in pituitary tumors, 
as transfection of  WIF1  into the GH3 cell line has 
been demonstrated to result in decreased cell 
growth and colony formation (Elston et al.  2008  ) . 
Functional studies assessing the role of other Wnt 
pathway inhibitors in pituitary have yet to be 
reported. A common mechanism for  WIF1  under-
expression is methylation of its promoter (Mazieres 
et al.  2004  ) . Methylation of the CpG island in the 
promoter of  WIF1  has also been demonstrated in 
pituitary tumors although this was predominantly 
limited to NFAs (Elston et al.  2008  ) . Somatic 
mutations in  WIF1  were not identi fi ed in the one 
study which assessed a group of 12 pituitary ade-
nomas (Elston, unpublished data). 

 In contrast to the  fi ndings for the SFRP family 
and WIF1 there is less evidence for dysregulation of 
Wnt inhibitors which bind to the LRP5 or LRP6 
co-receptors within the ternary complex with the 
Wnt ligand and Frizzled receptor (Fig.  20.1 ). These 
inhibitors are theoretically speci fi c for the canonical 
Wnt- b -catenin pathway rather than affecting both 
canonical and non-canonical pathways. This group 
includes DKK1-4 and a DKK3-related protein 
termed Soggy (also known as DKKL1). In addition, 
Sclerostin domain containing 1 (SOSTDC1), a 
known bone morphogenetic protein antagonist, also 
acts as a Wnt antagonist by binding to LRP6. 
Similarly, SOST has also been reported to inhibit 
Wnt signaling by binding to LRP receptors. DKK2 
(Shorts-Cary et al.  2007 ; Elston et al.  2008  )  and 
DKK3 expression (Shorts-Cary et al.  2007  )  have 
been found to be reduced in pituitary adenomas on 
microarray analysis but validation of these  fi ndings 
by another method such as qPCR has not yet been 
performed. Similarly, SOSTDC1 has been demon-
strated to be under-expressed on the array data 
(Altenberger et al.  2006 ; Elston et al.  2008  )  but 
again these  fi ndings have yet to be validated.  

   Wnt Pathway Target Gene Expression 
in Pituitary Adenomas 

 Increased Wnt signaling due to loss, or decreased 
expression, of Wnt pathway inhibitors would be 
expected to result in increased expression of Wnt 
pathway target genes. However, assessment of 
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Wnt target genes is complicated by the presence of 
the different Wnt signaling pathways, the tissue 
speci fi city and sheer number of potential target 
genes as well as determining which pathway(s) is 
altered by the Wnt inhibitor affected. Increased 
expression in pituitary adenomas of cyclin D1 (a 
well-known Wnt- b -catenin target gene) has been 
demonstrated by a number of groups (Hibberts 
et al.  1999 ; Elston et al.  2008  ) . Whilst this increased 
expression of cyclin D may be due to increased 
Wnt signaling activity this gene may also be ele-
vated by a number of other mechanisms such as 
gene duplication (Hibberts et al.  1999  )  and possi-
bly as a result of aberrant expression of E-cadherin 
in the nucleus (Elston et al.  2009  ) . As detailed 
above,  PITX2  has also been reported to be elevated 
in pituitary tumors (Moreno et al.  2005  ) .  PTTG1  
which is known to be over-expressed across all 
pituitary adenoma subtypes (Zhang et al.  1999  ) , 
may also be regulated by the Wnt- b -catenin path-
way as it has TCF4 binding sites in the promoter 
(Zhou et al.  2005  ) . Some of the other known Wnt-
 b -catenin target genes have demonstrated altered 
expression which varies according to tumor sub-
type. For example, P21 has been demonstrated to 
show increased immunohistochemical staining in 
clinically functioning adenomas; in particular 
GH-secreting adenomas however most NFAs 
demonstrated low levels of staining (Neto et al. 
 2005  ) . Abnormal  MYC  expression has also been 
demonstrated in a subset of pituitary adenomas 
(Wang et al.  1996  ) . Given that nuclear  b -catenin 
expression does not appear to be commonly detect-
able in pituitary adenomas, although increased 
expression of some Wnt- b -catenin target genes 
has been demonstrated which can be considered 
consistent with activation of the canonical Wnt 
pathway in pituitary adenomas this is far from 
conclusive as alternative mechanisms may be 
responsible for the altered gene expression. 
Support for the non-canonical Wnt pathways being 
involved in pituitary tumorigenesis comes from a 
recent study assessing Wnt signaling in estrogen-
induced lactotroph proliferation (Giles et al.  2011  ) . 
In this rat model, estrogen treatment was demon-
strated to induce Wnt4 mRNA expression. Similar 
 fi ndings were also found at both the mRNA and 
protein level in the GH3 cell line. However addi-

tion of Wnt-conditioned culture media to GH3 
cells failed to result in activation of canonical Wnt 
signaling or nuclear expression of  b -catenin but 
altered calcium signaling was identi fi ed sugges-
tive of a non-canonical Wnt pathway process. 
Further work remains to be done in this exciting 
area to clarify which of the Wnt pathways are 
involved in pituitary tumorigenesis. 

 In conclusion, there appears to be convincing 
evidence for dysregulation of the Wnt pathway 
inhibitors WIF1 and members of the SFRP family 
(with the exception of SFRP5) in pituitary ade-
nomas. Functional studies on WIF1 have demon-
strated that, similar to other tumor types WIF1 
appears to be acting as a tumor suppressor gene in 
the pituitary although there is a paucity of functional 
data for the other SFRP family members. Wnt 
inhibitors speci fi c to the canonical pathway are less 
convincingly altered in pituitary tumors. It is unclear 
by which pathway WIF1 and the SFRP members 
are acting, and given the lack of nuclear  b -catenin, 
these genes may be acting through a non-canonical 
pathway. These pathways have not been as well 
characterized as the Wnt- b -catenin pathway but do 
appear to be involved in tumorigenesis in other 
organs. Further work is needed to determine the 
exact mechanisms by which these genes may be 
involved in pituitary tumorigenesis, in particular 
their effects on non-canonical signaling. Wnt path-
way inhibitors may be potential therapeutic targets 
although cross-talk between signaling pathways is 
well known, for example interaction of the Wnt and 
Hedgehog pathways through SFRP1 and the com-
monality of GSK3 b  to Wnt and other signaling 
pathways such as the AKT/PI3 kinase pathway. 
Until we have a greater understanding of which 
pathway/s the Wnt inhibitors are acting through in 
pituitary adenomas and of the interactions of Wnt 
signaling pathways with other pathways, manipula-
tion of these mechanisms with the use of speci fi c 
targets in pituitary tumors remains premature.      

   References 

    Altenberger T, Bilban M, Auer M, Knosp E, Wolfsberger 
S, Gartner W, Mineva I, Zielinski C, Wagner L, Luger 
A (2006) Identi fi cation of DLK1 variants in pituitary- and 



186 M.S. Elston

neuroendocrine tumors. Biochem Biophys Res 
Commun 340:995–1005  

    Buslei R, Nolde M, Hofmann B, Meissner S, Eyupoglu 
IY, Siebzehnrubl F, Hahnen E, Kreutzer J, Fahlbusch 
R (2005) Common mutations of beta-catenin in ada-
mantinomatous craniopharyngiomas but not in other 
tumours originating from the sellar region. Acta 
Neuropathol (Berl) 109:589–597  

    Daly AF, Rixhon M, Adam C, Dempegioti A, Tichomirowa 
MA, Beckers A (2006) High prevalence of pituitary ade-
nomas: a cross-sectional study in the province of Liege, 
Belgium. J Clin Endocrinol Metab 91:4769–4775  

    Elston MS, Clifton-Bligh RJ (2010) Identi fi cation of Wnt fam-
ily inhibitors: a pituitary tumor directed whole genome 
approach. Mol Cell Endocrinol 326(1–2):48–54  

    Elston MS, Gill AJ, Conaglen JV, Clarkson A, Shaw JM, 
Law AJ, Cook RJ, Little NS, Clifton-Bligh RJ, 
Robinson BG, McDonald KL (2008) Wnt pathway 
inhibitors are strongly down-regulated in pituitary 
tumors. Endocrinology 149:1235–1242  

    Elston MS, Gill AJ, Conaglen JV, Clarkson A, Cook RJ, 
Little NS, Robinson BG, Clifton-Bligh RJ, McDonald 
KL (2009) Nuclear accumulation of e-cadherin corre-
lates with loss of cytoplasmic membrane staining and 
invasion in pituitary adenomas. J Clin Endocrinol 
Metab 94:1436–1442  

    Giles A, Madec F, Friedrichsen S, Featherstone K, 
Chambers T, Harper CV, Resch J, Brabant G, Davis JR 
(2011) Wnt signaling in estrogen-induced lactotroph 
proliferation. J Cell Sci 124:540–547  

    He B, Reguart N, You L, Mazieres J, Xu Z, Lee AY, 
Mikami I, McCormick F, Jablons DM (2005) Blockade 
of Wnt-1 signaling induces apoptosis in human col-
orectal cancer cells containing downstream mutations. 
Oncogene 24:3054–3058  

    Hibberts NA, Simpson DJ, Bicknell JE, Broome JC, 
Hoban PR, Clayton RN, Farrell WE (1999) Analysis 
of cyclin D1 (CCND1) allelic imbalance and overex-
pression in sporadic human pituitary tumors. Clin 
Cancer Res 5:2133–2139  

    Jessen JR (2009) Noncanonical Wnt signaling in tumor 
progression and metastasis. Zebra fi sh 6:21–28  

    Jiang Z, Gui S, Zhang Y (2010) Analysis of differential 
gene expression by  fi ber-optic BeadArray and path-
way in prolactinomas. Endocrine 38:360–368  

    Lee CI, Hsu MY, Chou CH, Wang C, Lo YS, Loh JK, 
Howng SL, Hong YR (2009) CTNNB1 (beta-catenin) 
mutation is rare in brain tumours but involved as a spo-
radic event in a brain metastasis. Acta Neurochir 
(Wien) 151:1107–1111  

    Maher MT, Flozak AS, Hartsell AM, Russell S, Beri R, 
Peled ON, Gottardi CJ (2009) Issues associated with 
assessing nuclear localization of N-terminally unphos-
phorylated beta-catenin with monoclonal antibody 
8E7. Biol Direct 4:5  

    Mazieres J, He B, You L, Xu Z, Lee AY, Mikami I, Reguart 
N, Rosell R, McCormick F, Jablons DM (2004) Wnt 
inhibitory factor-1 is silenced by promoter hyperm-
ethylation in human lung cancer. Cancer Res 
64:4717–4720  

    Miyakoshi T, Takei M, Kajiya H, Egashira N, Takekoshi 
S, Teramoto A, Osamura RY (2008) Expression of 
Wnt4 in human pituitary adenomas regulates activa-
tion of the beta-catenin-independent pathway. Endocr 
Pathol 19:261–273  

    Moreno CS, Evans CO, Zhan X, Okor M, Desiderio DM, 
Oyesiku NM (2005) Novel molecular signaling and 
classi fi cation of human clinically nonfunctional pitu-
itary adenomas identi fi ed by gene expression pro fi ling 
and proteomic analyses. Cancer Res 65:10214–10222  

    Morin PJ, Sparks AB, Korinek V, Barker N, Clevers H, 
Vogelstein B, Kinzler KW (1997) Activation of beta-
catenin-Tcf signaling in colon cancer by mutations in 
beta-catenin or APC. Science 275:1787–1790  

    Morris DG, Musat M, Czirjak S, Hanzely Z, Lillington 
DM, Korbonits M, Grossman AB (2005) Differential 
gene expression in pituitary adenomas by oligonucle-
otide array analysis. Eur J Endocrinol 153:143–151  

    Neto AG, McCutcheon IE, Vang R, Spencer ML, Zhang 
W, Fuller GN (2005) Elevated expression of p21 
(WAF1/Cip1) in hormonally active pituitary ade-
nomas. Ann Diagn Pathol 9:6–10  

    Nusse R, Varmus HE (1982) Many tumors induced by the 
mouse mammary tumor virus contain a provirus inte-
grated in the same region of the host genome. Cell 
31:99–109  

    Oikonomou E, Barreto DC, Soares B, De Marco L, 
Buchfelder M, Adams EF (2005) Beta-catenin muta-
tions in craniopharyngiomas and pituitary adenomas. J 
Neurooncol 73:205–209  

    Potok MA, Cha KB, Hunt A, Brinkmeier ML, Leitges M, 
Kispert A, Camper SA (2008) WNT signaling affects 
gene expression in the ventral diencephalon and pitu-
itary gland growth. Dev Dyn 237:1006–1020  

    Qian ZR, Li CC, Yamasaki H, Mizusawa N, Yoshimoto K, 
Yamada S, Tashiro T, Horiguchi H, Wakatsuki S, 
Hirokawa M, Sano T (2002) Role of E-cadherin, 
alpha-, beta-, and gamma-catenins, and p120 (cell 
adhesion molecules) in prolactinoma behavior. Mod 
Pathol 15:1357–1365  

    Rubin JS, Barshishat-Kupper M, Feroze-Merzoug F, Xi 
ZF (2006) Secreted WNT antagonists as tumor sup-
pressors: pro and con. Front Biosci 11:2093–2105  

    Semba S, Han SY, Ikeda H, Horii A (2001) Frequent 
nuclear accumulation of beta-catenin in pituitary ade-
noma. Cancer 91:42–48  

    Shorts-Cary L, Xu M, Ertel J, Kleinschmidt-Demasters 
BK, Lillehei K, Matsuoka I, Nielsen-Preiss S, Wierman 
ME (2007) Bone morphogenetic protein and retinoic 
acid-inducible neural speci fi c protein-3 is expressed in 
gonadotrope cell pituitary adenomas and induces pro-
liferation, migration, and invasion. Endocrinology 
148:967–975  

    Sun C, Yamato T, Kondo E, Furukawa T, Ikeda H, Horii A 
(2005) Infrequent mutation of APC, AXIN1, and 
GSK3B in human pituitary adenomas with abnormal 
accumulation of CTNNB1. J Neurooncol 73:131–134  

    Taniguchi H, Yamamoto H, Hirata T, Miyamoto N, Oki 
M, Nosho K, Adachi Y, Endo T, Imai K, Shinomura Y 
(2005) Frequent epigenetic inactivation of Wnt inhibi-



18720 Pituitary Tumorigenesis: Role of the Wnt Signaling Pathway

tory factor-1 in human gastrointestinal cancers. 
Oncogene 24:7946–7952  

    Treier M, Gleiberman AS, O’Connell SM, Szeto DP, 
McMahon JA, McMahon AP, Rosenfeld MG (1998) 
Multistep signaling requirements for pituitary organo-
genesis in vivo. Genes Dev 12:1691–1704  

    Tziortzioti V, Ruebel KH, Kuroki T, Jin L, Scheithauer 
BW, Lloyd RV (2001) Analysis of beta-catenin muta-
tions and alpha-, beta-, and gamma-catenin expression 
in normal and neoplastic human pituitary tissues. 
Endocr Pathol 12:125–136  

    Wang DG, Johnston CF, Atkinson AB, Heaney AP, 
Mirakhur M, Buchanan KD (1996) Expression of 
bcl-2 oncoprotein in pituitary tumours: comparison 
with c-myc. J Clin Pathol 49:795–797  

    Xu B, Sano T, Yoshimoto K, Yamada S (2002) 
Downregulation of E-cadherin and its undercoat pro-
teins in pituitary growth hormone cell adenomas with 
prominent  fi brous bodies. Endocr Pathol 13:
341–351  

    Zhang X, Horwitz GA, Heaney AP, Nakashima M, Prezant 
TR, Bronstein MD, Melmed S (1999) Pituitary tumor 
transforming gene (PTTG) expression in pituitary 
adenomas. J Clin Endocrinol Metab 84:761–767  

    Zhou C, Liu S, Zhou X, Xue L, Quan L, Lu N, Zhang G, 
Bai J, Wang Y, Liu Z, Zhan Q, Zhu H, Xu N (2005) 
Overexpression of human pituitary tumor transform-
ing gene (hPTTG), is regulated by beta-catenin /TCF 
pathway in human esophageal squamous cell carci-
noma. Int J Cancer 113:891–898      



189M.A. Hayat (ed.), Tumors of the Central Nervous System, Volume 10, 
DOI 10.1007/978-94-007-5681-6_21, © Springer Science+Business Media Dordrecht 2013

  21

  Abstract 

 Pituitary adenomas (PA) are common endo-
crine neoplasia, generally presenting as 
 sporadic diseases, with a multifactorial 
pathogenesis including somatic mutational 
events in cancer-related genes. However, 
genetic predisposition can currently be recog-
nized in >5% of affected patients, mostly 
involving the Multiple Endocrine Neoplasia 
type 1 ( MEN1 ) gene and the more recently 
identi fi ed Aryl hydrocarbon receptor 
Interacting Protein ( AIP ) gene, both being 
tumor-suppressor genes. Germline muta-
tions in the AIP gene can be observed in a 
FIPA (Familial Isolated Pituitary Adenoma) 
context, but also in a minority of young 
patients with an apparently sporadic disease. 
Although the role of AIP in the pathogenesis 
of PA remains largely unknown, it is known 
to be mainly expressed by somatototrophs, 
with a frequent loss of expression in most 
AIP-mutated PA and in invasive somatotro-
pinomas. The best characterized function of 
AIP is to stabilize the Aryl hydrocarbon 
Receptor, also known as the dioxin receptor, 
in the cytoplasm, but multiple interactions 
of AIP with other proteins involved in endo-
crine signalling and the regulation of cell 
cycle and apoptosis have been reported. In 
this chapter, current knowledge about the 
possible role of AhR and additional AIP-
related  proteins in pituitary tumorigenesis 
will be analysed.      
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   Introduction 

 Pituitary adenomas (PA) are among the most 
frequent endocrine tumors, with a clinical preva-
lence approaching 1/1,000 inhabitants in recent 
studies (Beckers  2010  ) . PA are typically benign, 
but extrasellar extension is frequent and invasive 
features towards surrounding structures (i.e., the 
dura, sellar bone, cavernous sinus) increase with 
tumor size. Malignant evolution is extremely rare 
and de fi ned by extra-pituitary dissemination. PA 
are classi fi ed into secreting and non-secreting 
according to the presence or absence, respec-
tively, of pituitary hormone hypersecretion. Their 
pathogenesis is multifactorial and, despite com-
mon monoclonality suggesting the presence of an 
initiating molecular event, they are usually spo-
radic, with a complex pathogenesis including 
genetic and epigenetic events and a variety of 
alterations in intra- and extra-cellular signalling 
(Asa and Ezzat  2009  ) . 

 Inherited genetic susceptibility is being 
increasingly recognized and is currently esti-
mated to involve at least 5% of PA patients. 
Arguments suggesting inherited susceptibility 
are: (1) the presence of extra-pituitary manifesta-
tions suggestive of a syndromic disease, namely 
the Multiple Endocrine Neoplasia type 1 syndrome 
(MEN1), which accounts for nearly 3% of PA, 
rarely the Carney’s complex (CNC) or McCune 
Albright syndrome (MAS), (2) the presence of an 
isolated familiarity for PA, which was  fi rst recog-
nized for patients with acromegaly (Isolated 
Familial Somatotropinoma – IFS), subsequently  
shown to potentially involve all PA phenotypes 
(Familial Isolated Pituitary Adenoma- FIPA) and 
also represents 2–3% of PA patients, (3) an early 
onset of the disease, especially in children and 
adolescents, who represent about only 10% of PA 
patients but are more likely to be syndromic or 
familial. We have recently reviewed the clinical 
presentation, molecular genetics and screening 
implications of the syndromic conditions cited 
hitherto (Jaffrain-Rea et al.  2010a  )  and we will 
focus our attention on the most relevant aspects 
of the FIPA syndrome and on the potential patho-
genetic implications of the  Aryl hydrocarbon 

receptor Interacting   Protein (AIP)  gene, which 
currently explains a signi fi cant subset of FIPA 
kindreds and has been involved in a minority of 
early onset PA with an apparently sporadic 
presentation.  

   Familial Isolated Pituitary Adenomas 
(FIPA), the  AIP  Gene and the Expanding 
Spectrum of  AIP -Related Diseases 

 Familial tumors offer unique opportunities to 
characterize genes involved in their pathogenesis 
and, indirectly, in the normal physiology of the 
corresponding tissue. Familial forms of pituitary 
tumors occurring in association with hyperpara-
thyroidism and pancreas endocrine neoplasia 
have de fi ned the MEN1 syndrome and contrib-
uted to the identi fi cation of a disease locus in 
11q13, leading in 1997 to the identi fi cation of the 
MEN1 gene, a major tumor suppressor gene. As 
recently reviewed by Thakker  (  2010  ) , hundreds 
of inactivating mutations of the MEN1 gene 
could then be identi fi ed in MEN1 kindreds, 
genetic mice models have further supported the 
role of the MEN1 gene in disease susceptibility, 
and the molecular mechanisms involved in 
MEN1-related tumorigenesis are being progres-
sively elucidated. Kindreds with isolated soma-
totropinomas (IFS) were already recognized to 
occur outside of the MEN1 syndrome and later 
con fi rmed to be unrelated to  MEN1  gene muta-
tions. Nonetheless, linkage to the 11q13 region 
could be established in some cases by Galdelha 
et al.  (  1999  ) , with documented LOH in the cor-
responding tumors suggesting the presence of a 
second tumor suppressor gene in this region. 
Recently, two important publications have lead to 
signi fi cant progress in the elucidation of inher-
ited predisposition to PA linked to a new tumor 
suppressor gene in 11q13: (1) Vierimaa et al. 
 (  2006  )  identi fi ed germline inactivating mutations 
of the  AIP  gene in two large Finnish kindreds 
with GH/PRL-secreting PA and in an Italian IFS 
family; with somatic LOH in 11q13 being 
con fi rmed in the corresponding tumors, (2) Daly 
et al.  (  2006  )  characterized 64 kindreds with 
Familial Isolated Pituitary Adenomas (FIPA) 
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collected internationally, comprising both 
homogenous and heterogeneous families – i.e. 
expressing a single or multiple PA phenotypes, 
respectively –, the homogenous somatotropi-
noma/IFS subgroup representing ~ 30% of the 
whole series. Soon after, the same group reported 
germline mutations in the  AIP  gene in 15% of 
FIPA kindreds, and up to 50% of those with 
homogeneous somatotropinomas/IFS, respectively 
(Daly et al.  2007  ) .  

   Clinical Presentation of Patients 
with a Germline AIP Mutation 

 The great interest in  AIP  as a new player in pitu-
itary tumorigenesis has lead to a number of 
genetic studies on FIPA and sporadic PA allow-
ing, within a 4 years period, to delineate the 
most common characteristics of  AIP  mut  patients 
and tumors, and to evaluate their therapeutic 
outcome. In a recent collaborative work collecting 
96  AIP  mut  patients worldwide (Daly et al.,  2010 ), 
60% cases occurred in a documented FIPA set-
ting and 40% were apparently sporadic, respec-
tively. Somatotropinomas were by far the most 
prevalent phenotype (~80%), followed by prolac-
tinomas (~15%), NFPA, and rare corticotrophino-
mas and thyreotrophinomas. The median age at 
diagnosis and at  fi rst symptoms were 23 and 18 
years overall, implying that half of the patients 
developed a symptomatic disease during child-
hood or adolescence. In this study, 75  AIP  mut  
somatotropinomas were compared to 232  non-
AIP   mu t  somatotropinomas con fi rmed genetically, 
providing  fi nal evidence that the presence of ger-
mline  AIP  changes in acromegalics was associ-
ated with a much earlier age at diagnosis (20 
years earlier) and a more aggressive course of the 
disease. The early onset translated into an unusual 
rate of overt or incipient gigantism (32  vs  6% 
in control cases). A male predominance was 
observed (>60%) and all giant were males. 
Somatotropinomas in the  AIP   mut   group were typi-
cally macroadenomas (>90%) and, as compared 
with non- AIP   mut   somatotropinomas, they had 
signi fi cantly larger maximal tumor diameter. At 
diagnosis,  AIP   mut   acromegalics had higher median 

plasma GH levels and presented twice more fre-
quently with PRL hypersecretion than non- AIP   mut   
patients. Disease control in  AIP   mut   somatotropi-
nomas was also more dif fi cult to achieve, with a 
lower decrease in GH/IGF-1 on somatostatin 
analogues therapy and a more frequent need for 
multiple surgeries and/or radiotherapy. 
Prolactinomas in  AIP   mut   patients were also recog-
nized essentially in males (>75%), with a median 
age at diagnosis of 22 years, ~50% occurred in a 
familial setting and most were large and invasive, 
with an unusual rate of resistance to dopamine-
agonist therapy (50%). 

   Molecular Genetics of AIP 

 Oz fi rat and Korbonits  (  2010  )  have reviewed 
nearly 50  AIP  mutations identi fi ed so far by inter-
national cohorts, reported by the Finnish, Belgian 
and British groups and additional family case 
reports. Most mutations are distributed through 
the entire coding sequence (6 exons), 60–70% 
are truncating – with a similar frequency for non-
sense and frameshift mutations, followed by 
splice site mutations – and >20% are missense. 
The remaining alterations include large deletions 
and some changes of uncertain biological 
signi fi cance, such as rare polymorphisms and 
intron variants not expected to alter splicing. 
Promoter mutations have also been exceptionally 
reported. Some mutations have been encountered 
more frequently, such as  AIP  Q14X - a founder muta-
tion in Finland-,  AIP  R304X  – the most frequently 
reported in Europe, with a partial founder effect 
in Italy -,  AIP  R304Q  – which further indicates codon 
304 as a hot mutational spot-,  AIP  R271W , and 
 AIP  R81X . Codon K241 may represent an additional 
hot spot, with both  AIP  K241E  and  AIP  K241X  changes 
being reported. 

 The penetrance of germline  AIP  mutations is 
incomplete. In FIPA kindreds, due to a still limited 
knowledge on large  AIP  mut  kindreds, it is currently 
but imprecisely estimated around 30% (15–45%). 
Preliminary data on familial screening in appar-
ently sporadic patients indicate that  de novo  ger-
mline  AIP  mutations are very rare, but most  AIP  mu t   
relatives are unaffected. At the moment,  AIP  can 
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be therefore considered either as a FIPA gene, 
which can be inherited in a dominant manner with 
a variable but clinically relevant penetrance, or as 

a PAP gene, with a low penetrance. These views 
are not necessarily con fl icting since, similarly to 
disease severity, disease penetrance may vary 

  Fig. 21.1    AIP molecular interactions and related path-
ways. AIP is involved in multiple protein–protein interac-
tions and potential molecular pathways: (1) the transcription 
factor AhR (Aryl hydrocarbon Receptor, or dioxin receptor) 
is stabilized by AIP in a cytoplasmic AhR/AIP/hsp90/p23 
core complex; upon activation by exogenous AhR moves to 
the nucleus, heterodimerizes with Ah Receptor Nuclear 
Translocator (ARNT) and exerts direct transcriptional 
effects through Dioxin Responsive Elements (DRE) – acti-
vation by endogenous ligands (including cAMP) may elicit 
a different transcriptional response – (2) members of the ste-
roid receptor superfamily include the transcription factor 
PPAR a , the thyroid receptor TR b 1 and the glucocorticoid 
receptor, (3,4) Phosphodiesterases PDE2 and PDE4A5 are 
involved in the regulation of the cAMP concentration. 
cAMP is produced from ATP by the Adenyl Cyclase (AC), 
activates the Protein Kinase A (PKA) by binding its regula-

tory subunits (RR) and releasing its catalytic subunits (CC); 
this results in Ser-133 phosphorylation of the cAMP 
Responsive Elements Binding protein (CREB) and enhanced 
transcriptional activity through cAMP Responsive Elements 
(CRE), which are present in GH and PRL gene promoters; 
(5) the RET proto-oncogene is the tyrosine kinase receptor 
for the Glial cell line-Derived Neurotrophic Factor (GDNF) 
family of ligands; binding of AIP to RET prevents the for-
mation of AIP/survivin complexes (6), in the absence of 
RET, AIP binds survivin, preventing its degradation thus 
protecting cells from apoptosis. (7) Tom 20 are proteins 
involved in mitochondrial import and (8) Viral proteins 
include the Hepatitis B virus X antigen and the Epstein Barr 
Virus ( EBV )-encoded nuclear antigen-3 (EBNA-3).  See text 
for references  (NB Authorization to reproduce this  fi gure 
from Jaffrain-Rea et al.  (  2010  )  has been obtained from 
Expert Reviews in Endocrinology and Metabolism)       
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according to the biological effects of distinct 
mutations on target cells and the presence of 
genetic or environmental modi fi ers. The contrast 
between the frequent severity of the disease and its 
incomplete or low penetrance differentiates most 
 AIP  mu t   kindreds from MEN1 kindreds and should 
be taken into account for genetic counselling 
(Jaffrain-Rea et al.  2010  )  (Fig.  21.1 ).   

   Lessons from an AIP +/−  Mice Model 

 The homozygous  AIP   −/−   knockout mice model 
reported by Lin et al.  (  2007  )  displayed severe 
developmental abnormalities and embryonic 
lethality but no recognized pituitary phenotype. 
However, the pituitary gland was not studied. 
Recently, the heterozygous  AIP  +/−  mice model 
developed by Raitila et al.  (  2010  )  proved to 
develop pituitary tumors with a full penetrance. 
Such a high penetrance might be partially 
explained by the spontaneous development of 
PA in this strain of mice, since up to 40% of 
wild-type controls were also affected – mostly by 
prolactinomas – between 6 and 18 months-old. 
In contrast, 100% of  AIP  mu t   animals developed 
PA – 80% somatotropinomas – from 3 to 15 
months-old, with  AIP  mu t   tumors being more 
aggressive and displaying a higher proliferative 
index than spontaneous tumors. These observa-
tions clearly support the tumor suppressing role 
of AIP in somatotrophs.   

   AIP, AHR and Other AIP-Related 
Proteins in the Pathogenesis 
of Pituitary Adenomas 

   Pituitary Expression of AIP 

 The interest towards the pituitary expression of 
AIP in the normal pituitary and its biological 
signi fi cance was born with its identi fi cation as a 
new pituitary tumor suppressing gene. Studies 
by Leontiou et al.  (  2008  )  and Jaffrain-Rea et al. 
 (  2009  )  have clearly shown an abundant expres-
sion of AIP in normal human pituitaries and 
indicated a topographic distribution largely over-
lapping that of GH-secreting cells, other AIP-

expressing cells being mostly lactotrophs. This 
phenotypic characterization was con fi rmed by 
ultrastructural studies which also localized AIP 
in hormone-secreting granules. In contrast with 
the restricted expression of AIP in the normal 
pituitary, both groups have observed a potential, 
though heterogeneous, expression of AIP in all 
PA phenotypes. According to Real-Time RT-PCR 
analysis and immunohistochemical studies, the 
highest levels of AIP expression were observed 
in somatotropinomas, but also, unexpectedly, in 
non-functioning pituitary adenomas (NFPA). 
In  AIP   mut   tumors, AIP expression was typically 
down-regulated, due to hemizigosity, but the 
mutated protein could be readily detected in 
most cases. Intriguingly, we also noticed that 
AIP down-regulation was frequent in aggressive 
somatotropinomas, regardless of  AIP  mutations, 
and in the vast majority of prolactinomas, includ-
ing microprolactinomas. These  fi ndings support 
a potential role for AIP in the pathogenesis of 
sporadic somatotropinomas, and suggest that, in 
addition to germline mutati ons, currently unrec-
ognized mechanisms are responsible for AIP 
loss of expression in tumorous somatotrophs and 
lactotrophs.  

   The AIP Protein: From Structure 
to Function 

 The AIP protein, also known as ARA9/XAP2, is 
composed in humans of 330 aminoacids, with a 
high degree of conservation among species. Its 
expression starts in the embryo, and is nearly 
ubiquitous in the adult. From a functional point 
of view, its N-terminal half contains a FK506 
binding peptidyl-prolyl cis-trans isomerase (PPI) 
domain sharing elevated homology with immu-
nophilins of the FKBP52 class, whereas its 
C-terminal half contains three tetratricopeptide 
(TPR) domains, typically involved in protein-
protein interactions, and a C-terminal  a -helix 
(Carver et al.  1998  ) . Therefore, AIP looks like a 
complex regulatory protein, able to indirectly 
modulate a number of cellular pathways and 
functions. Already characterized protein partners 
of AIP include: (1) the Aryl Hydrocarbon 
Receptor (AhR, also known as the “dioxin recep-
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tor”) itself, a member of the bHLH/PAS (basic 
Helix-Loop-Helix/Per-Arnt-Sim) family of tran-
scription factors involved in cell response to 
polycyclic aromatic hydrocarbons but also in 
developmental processes and the regulation of 
cell cycle and differentiation, which unliganded 
form is stabilized in the cytoplasm in a multi-
meric AIP/AhR/Hsp90 complex; (2) the phos-
phodiesterases PDE4A5 and PDE2A, which 
are implicated in the cAMP signaling pathway; 
(3) the anti-apoptotic factor survivin and Ret, 
which prevents the formation of the AIP/survivin 
complex; (4) members of the steroid receptor 
superfamily such as PPAR- a , the  b -thyroid hor-
mone receptor 1 (TR b 1) and the glucocorticoid 
receptor; (5) additional proteins among which 
viral proteins and proteins involved in mitochon-
drial import (Oz fi rat and Korbonits  2010  and 
Jaffrain-Rea et al.  2010a  ) . 

 The molecular pathways involved in AIP-
related pathogenesis have not been elucidated 
yet, but  in vitro  experiments on the rat lactosoma-
totroph cell line GH 

3
  have clearly shown that 

overexpression of the wild-type  AIP  gene reduces 
its proliferation rate, whereas the transfection of 
some  AIP   mut   genes inhibits this effect (Leontiou 
et al.  2008  )  and  AIP  gene silencing had a pro-
proliferative effect (Heliövaara et al.  2009  ) . This 
is in agreement with the proliferative index 
observed in the  AIP   +/−   mice model cited hitherto 
(Raitila et al.  2010  ) . Because most  AIP  mutations 
described so far may theoretically disrupt one or 
more functional interactions of AIP, we will now 
analyse which mechanisms could be the most 
attractive for pituitary tumorigenesis.  

   AIP and the Regulation of AHR 
Signalling 

 The best characterized function of AIP is to inter-
act with the AhR/dioxin receptor and contributes 
to its stabilization in a AIP/AhR/hsp90/p23 cyto-
plasmic complex. The classical pathway for AhR 
activation is initiated by the binding of exogenous 
ligands such as dioxin and aromatic hydrocar-
bons. This stimulates the nuclear translocation of 
AhR and its heterodimerization with the closely 

related ARNT (AhR Nuclear Translocator, also 
known as the Hypoxia-Inducible Factor 1 b , 
HIF1 b ). The AhR/ARNT complex then binds 
DNA consensus sequences known as XRE
(xenobiotic-) /DRE(dioxin-response elements) 
localized in the promoter of responsive genes, 
recruits coactivator molecules and stimulates the 
transcription of a number of genes, including 
detoxifying enzymes which mediate the toxic 
response and genes involved in cell cycle control. 
The activated AhR is then quickly exported to the 
cytosol where it is degradated by the proteasome, 
hence preventing constitutive activity. There is 
also accumulating evidence for nucleo-cytoplasmic 
shuttling of AhR in the absence of exogenous 
ligands. Such  fi ndings, together with the ances-
tral and highly conserved expression of AhR, and 
the developmental abnormalities and diseases 
observed in the AhR null mice, clearly point to 
endogenous functions, which likely represent the 
key role of AhR during evolution and are sup-
ported by the report of an increasing number of 
potential endogenous activators of AhR. The 
complex control of gene expression by AhR and 
the potential crosstalk of AhR-related pathways 
with other signalling pathways, including hor-
mone signalling, have been recently reviewed in 
details by Beischlag et al.  (  2008  )  and Puga et al. 
 (  2009  ) , respectively. We will therefore attempt to 
evaluate their potential relevance to pituitary 
tumorigenesis.  

   AHR and the Pituitary Gland 

 The AhR is widely expressed in endocrine tis-
sues, and its activation by exogenous dioxin-
related compounds has been shown to potentially 
modulate pituitary function. Elango et al.  (  2006  )  
reported that  in vitro  exposure of rainbow trout 
pituitary cells to 2,3,7,8 tetrachlorodibenzo- p -
dioxin (TCDD) induces GH and prolactin (PRL) 
secretion, in part through AhR-mediated tran-
scriptional effects. Dioxin is also able to inter-
fere with both the hypothalamic-pituitary-adrenal 
and hypothalamic-pituitary-gonadal axis, but no 
clear-cut effect has been reported on normal 
adult corticotrophs or gonadotrophs  in vitro . 
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Surprisingly, dioxin exposure appears to reduce 
the incidence of spontaneous PA in the rat, but 
not in humans. 

 We have recently studied the expression of 
AhR in the normal human pituitary and in a sub-
set of human PA, including  AIP  mut  tumors, by 
Real-Time RT-PCR and immunohistochemistry 
(Jaffrain-Rea et al.  2009  ) . The expression of AhR 
was lower than observed for AIP, but tended to 
have a broader phenotypic distribution. We used 
two anti-AhR antibodies, one monoclonal directed 
against a N-terminal epitope of the protein, near 
the DNA-binding domain, and one polyclonal 
against the C-terminal half of the protein, respec-
tively. The  fi rst one showed a selective cytoplas-
mic immunostaining, which was signi fi cantly 
correlated with AIP expression, thereby support-
ing a role for AIP in the stabilization of AhR in 
the pituitary as reported in other tissues. 
Accordingly, cytoplasmic AhR expression was 
down-regulated in most  AIP   mut   PA and in  non-
AIP   mut   PA displaying a low AIP expression. 
Nuclear immunostaining was best revealed by 
the C-terminal antibody, possibly due to epitope 
masquerading using the N-terminal antibody, but 
restricted to a minority of cases – mostly soma-
totropinomas and some AIP-expressing NFPA-. 
In contrast with Heliovaara et al.  (  2009  )  who 
reported nuclear AhR immunostaining in a sub-
set of  AIP   mut   PA, this was not observed in our 
series. These data suggest that AhR signalling 
might be differentially regulated in PA, depend-
ing on phenotype and AIP status. 

 Down-regulation of the AhR partner ARNT 
has been observed in ~50% of the human  AIP   mut   
PA studied by Heliovaara et al.  (  2009  ) , and fur-
ther supported by studies in the  AIP   +/−   mice 
model developed by the same group (Raitila et al. 
 2010  ) . In this model, AIP expression was lost in 
almost all PA arising in  AIP   +/−   animals, due to 
LOH, and accompanied by loss of ARNT and/or 
its homologue ARNT2 in most cases (>90%). 
In contrast, AIP, ARNT and ARNT2 expression 
were maintained in all PA arising in the control 
mice. The biological signi fi cance of these  fi ndings 
remains unclear, since AhR expression was not 
reported in this model and an alternative partner 
of ARNT/ARNT2, the Hypoxia-Inducible Factor 

HIF1 a , was similarly expressed in  AIP -pro fi cient 
and  AIP -de fi cient PA, respectively.  

   AHR, the Cell Cycle and Tumorigenesis 

 Molecular mechanisms linking AhR to cell cycle 
regulation are of great pathological interest since 
AhR has been potentially implicated in cancer in 
several ways: (1) dioxin is a well-recognized car-
cinogen – with no speci fi c site of tumor induction 
– and most effects of dioxin and related compounds 
are mediated by AhR; (2) overexpression of AhR 
has been reported in human cancers, such as 
breast cancer and melanoma. On the other hand, 
AhR down- regulation has also been observed in 
a minority of tumors (i.e. acute lymphocytic leu-
kaemia) and exogenous stimulation of AhR has 
variable effects on cell proliferation. Indeed, in 
most cases a growth-suppressing effect of exog-
enous AhR activation is observed, and this is 
mediated by an induction of the CDKI p27 Kip1  
through AhR/ARNT binding on a DRE element .  
ARNT is absolutely required for this effect, and 
pRB has also been proposed as a co-activator. 
The interaction of AhR with pRb has been well 
documented: AhR interacts with hypophospho-
rylated pRb through at least two distinct pRb-
binding domains and synergizes with pRb to 
repress the transcription of E2F-induced genes 
such as cyclin E, cdk2, DNA polymerase  a  and 
S-phase enzymes. Thus, AhR activation may 
arrest the cell cycle in G1/S. Because this effect 
requires pRb, it is lost in abnormal pRb-de fi cient 
cells. On the other hand, because E2F-1 is a pro-
apoptotic member of the E2F family, which is able 
to arrest cells in G2/M, AhR can also inhibit the 
pro-apoptotic response by binding E2F-1 and 
promote cell survival. This occurs in the presence 
of DNA damage, when E2F-1 is stabilized in its 
active for by ATM/ATR and Chk2 phosphoryla-
tion. This dual control on the cell cycle has been 
reported by Marlowe and Puga  (  2005  )  as the 
“ying-yang” effect of AhR. There is also consid-
erable evidence that endogenous AhR has a pro-
proliferative potential. A possible explanation to 
this phenomenon has been provided recently on 
breast cancer cell lines, showing that endogenous 
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AhR forms a complex with cyclinD/cdk4 enhanc-
ing pRb phosphorylation, whereas stimulation by 
exogenous ligands disrupts such interaction and 
promotes pRb effects on the repression of E2F-
induced genes (   Barhoover et al.  2010 ). Therefore, 
it has become more and more evident that the 
 fi nal effect of AhR activation on cell growth, 
differentiation and apoptosis depends on a series 
of factors, including the presence or the absence 
of exogenous ligands, and cell phenotype, status 
and environment (Puga et al.  2009  ) . On the other 
hand, the induction of early response oncogenes 
by dioxin and related compounds, which partici-
pate in their tumorigenic effects, does not appear 
to be dependent on AhR/ARNT transcription. To 
summarize, AhR generally induces growth arrest 
in the presence of exogenous ligands, whereas in 
the absence of exogenous ligands, it may exert an 
anti-apoptotic, prosurvival effect. 

 It is worth noting that the activation of AhR is 
also regulated by phosphorylation in its C-terminal 
half, which provides a further level of crosstalk 
between AhR and extracellular signalling linked 
to cell growth, differentiation and apoptosis. This 
phenomenon has been recently reviewed by 
Henkovà et al.  (  2008  ) . Brie fl y, mitogen-activated 
protein kinases (MAPKs), which can be activated 
by a variety of growth factors, cytokines, and cel-
lular stressful events including genotoxic and 
oxidative stress, are able to differentially modu-
late AhR subcellular localization, transcriptional 
activity and protein stability. Conversely, exoge-
nous ligands of AhR have also been found to acti-
vate MAPKs. Whether the interplay between 
MAPKs and AhR signalling is relevant to pitu-
itary tumorigenesis warrants further investiga-
tion, since MAPKs – especially the Extracellular 
Regulated Kinases ERK1/2, which can directly 
associate with AhR – have been involved in pitu-
itary tumorigenesis (Cakir and Grossman  2009  ) . 

 Finally, it should be noticed that the transcrip-
tion factors RelA and RelB, which are involved 
in the in fl ammatory response but also in the regu-
lation of cell survival and apoptosis induced by 
cytokines, are also able to dimerize with AhR, 
and cross-talk has been established between 
exogenous AhR activation and NFkB signalling 
(Beischlag et al.  2008  ) .  

   AHR, AIP and the Modulation of Nuclear 
Endocrine Signalling 

 Among the multiple cross-talks involving AhR 
signalling, is able the best characterized is endo-
crine disruption, which is believed to account for 
the reported effects of dioxin and related com-
pounds on thyroid function, sexual development 
and function, fertility, and some endocrine-related 
cancers such as testicular cancer. Several lines of 
evidence suggest that AhR is able to mediate off-
target or non-DNA binding dependent transcrip-
tion. The potential role of AIP in the endocrine 
disrupting effects of AhR is unclear, but AIP 
itself has been reported to interfere with steroid 
receptor activity – i.e. inhibition of glucocorti-
coid receptor activity through direct AIP/GR/
Hsp90 interaction (Laenger  et al.   2009  )  -, further 
enhancing the complexity of endocrine modula-
tion by the AIP/AhR system.  

   AHR and Endocrine Disruption    

 Dioxin is a major endocrine disruptor. It reduces 
estrogen signalling in many ways including (1) 
increased estrogen metabolism through the 
CYP1a/b and CYP19/aromatase enzymes, (2) 
increased ER a  degradation, (3) reduced ER tran-
scriptional activity due to DRE upstream to ERE 
in target gene promoters, direct competition on 
ERE binding or for the recruitment of common 
co-activators (squelching). Also, both AhR and 
ARNT are able to directly interact with the ER ,  
and ER may be recruited on active DRE elements 
and enhance AhR transcription, whereas ER sig-
nalling in itself is reduced (Beischlag et al.  2008  ) . 
The endocrine disrupting effects of dioxin-related 
compounds as industrial pollutants have been 
widely studied in  fi sh species because of their 
impact on sexual development and fertility. 
Elango et al.  (  2006  )  have observed, in the rain-
bow trout pituitary, that both estradiol and TCDD 
were able to stimulate GH and PRL transcription 
in a dose-dependent manner. The estrogenic 
effects of TCDD were observed only in the 
absence of E2 and strongly reduced by the addi-
tion of an AhR antagonist. This can be explained 
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by binding of the activated AhR/ARNT to the 
unliganded ER a / b , which results in the recruit-
ment of unliganded ER and the co-activator 
p300 to ERE, with  subsequent activation of gene 
transcription and oestrogenic effects. In contrast, 
in the presence of both TCDD and E 

2
 , PRL tran-

scription was lower than in controls, con fi rming 
endocrine disruption (transrepression). Additional 
nuclear partners of AhR have been reported, 
including the androgen receptor and TR, poten-
tially interfering with endocrine signalling. 

 The observation that AIP  mut   PA are more fre-
quent and more severe in male patients – gigan-
tism and resistant macroprolactinomas have been 
reported in males – is intriguing and yet unex-
plained. Studies from our laboratory have shown 
that PA express sex steroid hormones receptors 
with a differential pattern according to phenotype 
and patient’s gender and gonadal function 
(Jaffrain-Rea et al.  1996  ) , and that sex steroids 
are able to modulate their proliferation  in vitro  
accordingly (Caronti et al.  1995  ) . In particular, 
ER expression was higher in male prolactinomas 
and 17 b -estradiol had a proliferative effect on 
most ER-expressing PA. It is tempting to hypoth-
esize that abnormal crosstalk between sex ste-
roids and AhR signalling in AIP-de fi cient cells 
might contribute to gender-related variations in 
tumor phenotype.  

   Interactions of AIP and AHR with PPAR a  

 AIP is able to interact with PPAR a  which, unlike 
other type II steroid receptors, may be present in 
a latent form and form a complex with AIP and 
hsp90 (Sumanasekera et al.  2003  ) . Like AhR, 
PPAR a  can be activated by endogenous or exog-
enous ligands, and exerts complex transcriptional 
effects which are highly dependent on cell type 
and environment. The transcriptional effects of 
PPAR agonists are mediated through PPAR/RXR 
heterodimers binding to the consensus sequences 
PPREs. A stimulating effect of PPAR a  agonists 
on PRL transcription and secretion has been 
reported in GH 

4
 C 

1
  cells, which is believed to be 

indirect and dependent on Pit-1 activation and 
recruitment of co-activators (Tolon et al.  1998  ) . 

Interestingly, AIP inhibits the transcriptional 
activity of PPAR a , suggesting that loss of AIP 
function or expression in Pit-1-dependent cells 
may contribute to AIP-related pathogenesis. 
In addition, PPARs are affected by dioxin and 
related compounds in an AhR-dependent man-
ner, and PPAR a  agonists may either potentiate 
or repress CYP1A genes transcription according 
to the cellular context (Beischlag et al.  2008  ) . 
The potential effects of the AhR alterations 
reported in pituitary cells on PPAR a  signalling 
are unknown.  

   AIP, AHR and the Modulation 
of the cAMP Pathway 

 The cAMP-protein kinase A (PKA) pathway is 
essential for somatotrophs and lactotroph cells. 
In somatotrophs, it stimulates hormone secretion 
and cell proliferation and is positively and nega-
tively regulated by the hypothalamic Growth-
Hormone Releasing Hormone (GHRH) and 
somatostatin (SMS), respectively, whereas lac-
totrophs are under physiological inhibition by 
hypothalamic dopaminergic signalling. Consti-
tutive activation of the cAMP pathway has been 
involved in the pathogenesis of sporadic pituitary 
tumorigenesis and inherited forms of somatolac-
totroph adenomas and/or hyperplasia in the 
setting of Carney complex or McCune Albright 
syndrome (Boikos and Stratakis  2007  ) . Transgenic 
GHRH mice develop somatotroph hyperplasia 
and adenomas, and in humans activating muta-
tions of the Gsalpha subunit gene (GNAS1) are 
the most common somatic mutations observed 
in somatotropinomas. Conversely, somatostatin 
analogues and dopamine-agonists are widely 
used in the pharmacological treatment of human 
somatotropinomas and prolactinomas, respec-
tively. Upon ligand activation, speci fi c receptors 
for these drugs – the somatostatin receptors SSTR 
1,2,3,5 and the dopamine-agonist receptor D2R 
– inhibit the adenylate cyclase/cAMP/ PKA path-
way, resulting in reduced hormone secretion and, 
to a variable extent, tumor shrinkage. Whether 
the unusual rate of pharmacological resistance 
observed in  AIP   mut   PA is due to some alteration in 
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cAMP-related pathways remains to be de fi ned, 
but both AIP and AhR have been reported to 
modulate cAMP signalling in non pituitary mod-
els and some  fi ndings could be potentially 
extended to pituitary cells. 

 On one hand, cAMP is considered as a non-
ligand endogenous activator of AhR, able to 
stimulate its translocation to the nucleus simi-
larly to dioxin, although in this case nuclear AhR 
does not appear to dimerize with ARNT or 
induce CYP1A transcription, but rather forms a 
complex with yet unidenti fi ed proteins. Thus, 
cAMP itself or some event downstream cAMP 
may modulate the response to AhR and act as a 
repressor rather than an activator of classical 
AhR-dependent gene expression. On the other 
hand, AIP has been shown to interact with some 
phosphodiesterases (PDEs), which inactivate 
cyclic nucleotides, and this may modulate cAMP 
concentration and/or AhR nuclear translocation 
and transcriptional activity. Such mechanisms 
have been recently reviewed by de Oliveira and 
Smolenski  (  2009  ) . Brie fl y, a direct interaction of 
AIP with the isoforms PDE4A5 and PDE2 has 
been demonstrated, which is mediated by its 
TPR domains. PDE4 phosphodiesterases are 
involved in cAMP degradation and induced by 
PKA (and ERK). Binding to AIP appears speci fi c 
of the PDE4A5 isoform, and results in a dramatic 
decrease in its enzymatic activity. As shown by 
Leontiou et al.  (  2008  )  and further supported by 
work from the same group (Igreja et al.  2010  )  a 
number of germline AIP mutations have proven 
to lose the ability to interact with PDE4A5. 
Intriguingly, disruption of AIP/PDE4A5 interac-
tion should lead to reduced intracellular cAMP 
concentrations. PDE2 is induced by cGMP and 
involved in the regulation of cAMP and cGMP 
concentrations. Interaction with AIP has no 
effect on its enzymatic activity, but PDE2 inhib-
its nuclear AhR translocation, likely as a result 
of local regulation of cAMP concentration. The 
effects of  AIP  mutations on AIP/PDE2 interac-
tion have not been determined yet. Potential 
alterations in the cAMP pathway in the presence 
of abnormal AIP or AhR expression and func-
tion should be further investigated.  

   AIP and the RET/Survivin Interaction 

 It was recently reported by Vargiolu et al.  (  2009  )  
that AIP is able to interact with survivin, an anti-
apoptotic protein, and the tyrosine kinase recep-
tor Ret. In this model, interaction of AIP with Ret 
prevents the stabilization of survivin by AIP. This 
represents an interesting potential link between 
AIP and cell survival, and an anti-apoptotic role 
of AIP may be hypothesized for example in 
NFPA expressing AIP. The Ret receptor is acti-
vated by the Glial-Derived Neurotrophic Factor 
(GDNF) forming a complex with the GDNF-
Receptor  a  (GFR a 1). Japon et al.  (  2002  )  have 
previously shown that Ret and its 2-ligand sys-
tem GDNF and GFR a 1 are expressed in the nor-
mal pituitary, essentially by somatotrophs, and 
invariably detected in somatotropinomas. The 
biological function of Ret in somatotrophs has 
then been investigated by the same group, using 
 in vitro  experiments and a Ret knock-out mice 
model, clearly showing that Ret was able to 
regulate the number of somatotroph cells through 
a Pit-1/p53/apoptotic pathway (Cañibano et al. 
 2007  ) . Although Vargiolu et al.  (  2009  )  have 
tested the effects of some missense AIP muta-
tions on RET binding and found no noticeable 
change, truncating mutations were not studied. 
It is tempting to hypothesize that some AIP muta-
tions may disrupt its interaction with Ret, thereby 
allowing AIP to promote pituitary cell survival 
through survivin stabilization and/or abnormal 
Ret signalling.   

   Conclusion and Future Perspectives 

 The discovery of AIP as a predisposing gene 
for pituitary adenomas has opened a new  fi eld 
in the study of pituitary tumorigenesis, offering 
a broad spectrum of potentially related abnor-
malities in molecular pathways involved in 
endocrine signalling as well as the control of 
cell proliferation and apoptosis. Some of them 
involve completely new players in pituitary 
biology – such as AhR and related molecules –, 
others are more familiar pathways – such as the 
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cAMP-PKA pathway – to be revised at the light 
of new potential mechanisms of crosstalk in the 
pituitary gland. At the moment, the pathogenic 
role of the best characterized AIP partner, AhR 
has not been de fi nitively proven in pituitary 
cells, and endocrine disruption and pathways 
such as PPAR and Ret signalling represent 
additional attractive candidates. The potential 
in fl uence of AIP in the pharmacological response 
to the widely used somatostatin analogues 
and dopamine-agonist drugs should be evalu-
ated and may provide new insights in the 
comprehension of pharmacological resistance 
in PA Preliminary data from our laboratory 
indicate that pre-operative treatment with SSA 
is associated with a higher AIP expression in 
sporadic, but not in AIPmut, somatotropinomas 
(Jaffrain-Rea et. al,  2010 b ). Interestingly, 
unlike the  MEN1  gene, which seems poorly 
involved in sporadic pituitary pathogenesis, 
AIP may also play a signi fi cant role in the patho-
genesis of a subset of PA, regardless of  AIP  
mutations. In addition, inherited predisposition 
linked to the  AIP  gene is characterized by an 
incomplete or low penetrance, which strongly 
supports the need for additional factors to initi-
ate or promote pituitary tumorigenesis and stimu-
lates research work aimed to their identi fi cation. 
Another open issue remains the pituitary 
speci fi city of  AIP -related neoplasia, since addi-
tional tumors have been occasionally observed 
in  AIP   mut   patients, and LOH in 11q13 with loss of 
the wild-type AIP allele was recently reported 
by Toledo et al.  (  2010  )  in an adrenocortical 
carcinoma operated on in an acromegalic patient 
with a truncating familial  AIP  mutation. Because 
AIP has a rather ubiquitous expression, the 
signalling pathways which are potentially 
disrupted by  AIP  mutations may be relevant 
for tumorigenesis in other tissues. The mice 
model developed by Raitila    et al.  (  2010  ) , genetic 
studies aimed at the identi fi cation of modi fi er 
loci in  AIP   mut   kindreds, new genomic and 
proteomic tools applied to  AIP   mut   tumors and 
 in vitro  models, should help provide signi fi cant 
insights into AIP-related pathogenesis in a the 
next future.      
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  Abstract 

 Human pituitary tumor transforming gene-1 
(PTTG1) is a novel oncogene. Its overexpres-
sion occurs in a wide variety of human tumors 
including pituitary adenomas. Several factors 
and signalling pathways regulate pituitary 
PTTG1 expression, including estrogen, epi-
dermal growth factor, octamer-binding tran-
scription factor 1 and Rb/E2F1. PTTG1 is 
extensively involved in physiologic and 
oncogenic functions. Molecular and clinical 
studies implicate diverse roles of PTTG1 in 
cell cycle regulation, genetic instability, cell 
proliferation, pituitary tumor angiogenesis 
and senescence. Both transgenic and knockout 
mouse models support a causal role for PTTG1 
in the development of pituitary tumors. Here, 
we review the current knowledge of the regu-
latory mechanisms and the biological and 
pathophysiological roles of PTTG1 in pituitary 
tumors.      

   Introduction 

 The pituitary gland is composed of two anatomi-
cally, functionally and phylogenetically distinct 
parts: anterior pituitary and posterior pituitary. 
The anterior pituitary is the central regulator of 
the endocrine system, coordinating signals from 
the hypothalamus centrally and endocrine organs 
peripherally. Pituitary tumors are common benign 
monoclonal adenomas which arise from cells of 
the anterior pituitary gland. These monoclonal 
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tumors arise from highly differentiated cells 
expressing hormone peptide products including 
growth hormone (GH), prolactin, adrenocortico-
tropic hormone (ACTH), thyroid-stimulating 
hormone (TSH), follicle-stimulating hormone 
(FSH) and luteinizing hormone (LH). These 
tumors may be functional and actively secrete 
hormones leading to characteristic clinical fea-
tures including acromegaly, Cushings disease 
and hyperprolactinemia. Commonly, they may be 
nonfunctional leading primarily to hypogonad-
ism and compressive pituitary failure. These 
benign neoplasms account for ~15% of all intrac-
ranial tumors, and malignant transformation very 
rarely occurs. The proximal pathogenesis of pitu-
itary tumors remains elusive. Disrupted growth 
factors, aberrant peripheral hormone feedback 
control, tumor suppressor gene inactivation and 
oncogene activation [e.g., pituitary tumor-trans-
forming gene-1 (PTTG1)] are all possibly respon-
sible for pituitary tumorigenesis. 

 Pituitary tumor-transforming gene-1 (PTTG1) 
was originally isolated from rat pituitary tumor 
cells by mRNA differential PCR display (Pei and 
Melmed  1997  ) . Subsequently, human PTTG1 
was isolated from a fetal liver cDNA library 
(Zhang et al.  1999b  ) . Human PTTG1 has been 
identi fi ed as a vertebrate securin, mediating sister 
chromatid separation during mitosis (Zou et al. 
 1999  ) . PTTG1 also functions as a proto-oncogene 
and facilitates cell-cycle progression, maintains 
chromosomal stability, and mediates transforma-
tion  in vitro  and tumorigenesis  in vivo . PTTG1 
abundance or loss of function both result in 
abnormal mitosis and chromosomal instability. 
In contrast to restricted normal tissue expression, 
PTTG1 is overexpressed in pituitary, thyroid, 
breast, esophageal and colorectal tumors 
(Vlotides et al.  2007  ) . PTTG1 overexpression 
correlates with tumor invasiveness, metastases, 
differentiation, recurrence and prognosis. PTTG1 
plays a role in the preliminary stages of pituitary 
tumor initiation. PTTG1 expression in pituitary is 
induced by oestrogen in a rat model, and precedes 
oestrogen-induced hyperplasia and adenoma for-
mation, indicating that oestrogen-induced PTTG1 
expression is coincident with early pituitary lac-
totroph transformation (Heaney et al.  1999  ) . The 

present chapter delineates the regulatory and 
functional mechanisms that underlie PTTG1 
action in pituitary tumors.  

   Structure and Distribution 

   Gene and Protein Structure 

 Human PTTG1 was characterized from a fetal liver 
cDNA library, using a 0.6-kb rat Pttg1 cDNA as a 
screening probe (Zhang et al.  1999b  ) . It was shown 
to have 85% homology with the coding region of 
rat Pttg1. At the time, human PTTG1 was indepen-
dently cloned and characterized by other groups, 
and identical sequences were submitted to GenBank 
(Vlotides et al.  2007  ) . Human PTTG1 is located on 
chromosome 5 (5q35.1) and contains  fi ve exons 
and four introns. PTTG1 mRNA is 1.3 kb with an 
open reading frame of 609 nucleotides encoding a 
protein of 202 amino acids. 

 PTTG1 is a multi-domain protein consisting 
of a transactivation domain which is required for 
ubiquitin-mediated proteolysis, and a DNA-
binding domain. The N-terminus of PTTG1 con-
tains a destruction (D) box and a KEN box, both 
are involved in PTTG1 degradation. The C-terminus 
contains two proline-rich motifs ( 163 P-P-S-P 166  and 
 170 P-S-P-P 173 ) that form a Src-homology (SH)-3-
binding domain and enable PTTG1 to interact 
with SH-3-containing proteins. These SH-3 bind-
ing domains are critical for PTTG1 transforming 
ability, proliferative effect and transactivation 
activity (Boelaert et al.  2004 ; Pei  2000 ; Zhang 
et al.  1999b  ) .  

   Family Members 

 Southern blot analysis of human genomic DNA 
revealed the presence of two additional genes 
homologous to human PTTG1 in the genome, 
PTTG2 and PTTG3. Both of PTTG2 and PTTG3 
genes are intronless and present on different 
chromosomes. The PTTG2 gene is located on 
chromosome 8 (8q13.1), whereas the PTTG3 
gene is present on chromosome 4 (4p15.1) (Chen 
et al.  2000  ) . PTTG2 contains a 576-bp coding 
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sequence, encoding a 191-amino acid protein, 
with a 91% homology to PTTG1 at the amino 
acid level. PTTG3 contains a 609-bp coding 
sequence and encodes a 202-amino acid protein 
with 89 and 84% homology to PTTG1 and 
PTTG2, respectively. Similar to PTTG1, both 
PTTG2 and PTTG3 contain two conserved pro-
line-rich motifs at the C terminus. Low levels of 
PTTG2 are detected in normal pituitary, brain, 
placenta, small intestine, colon, liver, spleen, thy-
mus, prostate, testis and ovary, as well as pitu-
itary adenomas, the primary  fi broblast cell line 
LL-24, and in  fi ve cancer cell lines. By contrast, 
PTTG3 mRNA is extremely low or absent in 
these tissues (Chen et al.  2000  ) . The physiologic 
role and the signi fi cance of PTTG2 and PTTG3 
remain unclear.  

   Expression Pro fi le 

 In normal adult human tissues, PTTG1 mRNA 
expression is strong in testis and thymus and 
weak in colon, small intestine, brain, placenta 
and pancreas. In human fetal tissue, PTTG1 
mRNA expression was detected solely in liver 
(Pei and Melmed  1997  ) . The high level of PTTG1 
mRNA expression has been detected in a variety 
of malignant tumor cell lines, including promy-
elocytic leukemia HL-60, HeLa cell S3, chronic 
myelogenous leukemia K-562, lymphoblastic 
leukemia MOLT-4, Burkitt’s lymphoma Raji, 
colorectal adenocarcinoma SW480, lung carci-
noma A549, and melanoma G361 (Zhang et al. 
 1999b  ) .  

   Subcellular Localization 

 PTTG1 localizes both to the cytoplasm and to the 
nucleus; however, the ratio of cytoplasmic versus 
nuclear localization remains controversial. 
Dominguez et al.  (  1998  )  showed that human 
PTTG1 was mainly present in the cytoplasm 
(85%) in Jurkat cells by subcellular fractionation. 
Zhang et al.  (  1999a  )  and Saez et al.  (  1999  )  exhib-
ited the predominant expression of PTTG1 in 
cytoplasm by in situ hybridization and immuno-

histochemistry respectively. Similarly, Stratford 
et al.  (  2005  )  reported the predominant cytoplas-
mic localization of PTTG1 in HCT116 cells 
transfected with EGFP-tagged PTTG1. On the 
other hand, Yu et al.  (  2000  )  demonstrated pre-
dominant nuclear localization of PTTG1 during 
interphase in JEG-3 cells when transfected with 
wild type PTTG1, a  fl ag-tagged PTTG1, or an 
EGFP-tagged PTTG1. In the same study, live 
imaging of EGFP-tagged PTTG1 during mitosis 
revealed co-localization with microtubule asters 
in prophase and pro-metaphase, aggregation into 
distinct granules during anaphase, and dimin-
ished telophase expression. Mu et al.  (  2003  )  
reported cell type-dependent PTTG1 subcellular 
distribution, which was predominantly nuclear in 
HeLa, Cos-7 and DU145 cells, but diffuse nuclear 
and cytoplasmic localization in A549, DLD-1 
and NIH3T3 cells. While differential PTTG1 
localization may be due to the variations in cell 
lines and tumor types examined, cell cycle-
dependent expression of PTTG1 may also account 
for the reported differences. 

 Translocation of PTTG1 from cytoplasm to 
nucleus may be mediated by PTTG1 binding fac-
tor (PBF), which contains a nuclear localization 
signal (Chien and Pei  2000  ) . The mitogen-acti-
vated protein kinase (MAPK) pathway may also 
be involved in PTTG1 translocation. The expres-
sion of a constitutively active form of MAP kinase 
kinase (MEK1) facilitates PTTG1 translocation to 
the nucleus in Cos-7 cells (Pei  2000  ) . Recently, 
Wierinckx et al.  (  2007  )  found only nuclear PTTG1 
expression to be predictive of aggressive pituitary 
tumor behaviour, indicating that PTTG1 subcel-
lular localization appears to be a signi fi cant factor 
in determinating its tumorigenic role.  

   Protein Phosphorylation and 
Degradation 

 PTTG1 phosphorylation has been observed in a 
cell cycle-dependent manner (Ramos-Morales 
et al.  2000 ; Romero et al.  2001  ) . Phosphorylated 
PTTG1 is upregulated in rapidly dividing cells 
and levels peak during mitosis, implying that 
PTTG1 phosphorylation plays a crucial role in 
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the control of cell division. Cdc2 is responsible 
for PTTG1 phosphorylation during mitosis, 
mainly at Ser165, which is highly conserved in 
the rat and mouse homologues (Ramos-Morales 
et al.  2000  ) . It was reported that expression of 
constitutively phosphorylated PTTG1 results in 
increased cell proliferation and transformation 
ability (Boelaert et al.  2004  ) . Mitogen-activated 
protein (MAP) kinase phosphorylates PTTG1 
and stimulates its transactivation activity (Pei 
 2000  ) . PTTG1 interacts with a MAP kinase 
kinase (MEK1) via SH3 domain between amino 
acids 51 and 54, and activation of this pathway 
facilitates nuclear translocation of PTTG1. 
PTTG1 also physically interacts with 
Phosphoinositol-3-kinase (PI3K), suggesting that 
PI3K signalling is involved in PTTG1 phospho-
rylation (Chamaon et al.  2005  ) . Moreover, 
PTTG1 binds to Ku, the regulatory subunit of the 
DNA-dependent protein kinase (DNA-PK), and 
the DNA-PK catalytic subunit phosphorylates 
PTTG1 (Romero et al.  2001  ) . However, the 
signi fi cance of DNA-PK-mediated PTTG1 phos-
phorylation still remains unclear. 

 PTTG1 is rapidly degraded at the end of meta-
phase (Zou et al.  1999  ) . PTTG1 degradation 
ensues as a result of ubiquitination by anaphase-
promoting complex (APC), an E3 ubiquitin 
ligase. PTTG1 degradation is catalyzed by fzy 
( fi zzy/cdc20) and fzr ( fi zzy-related/cdh1/hct1). 
Both fzy and fzr induce the APC to ubiquitinate 
PTTG1. PTTG1 degradation is mediated by an 
RXXL destruction (D) box and a KEN box, and 
is inhibited only when both sequences are mutated 
(Zur and Brandeis  2001  ) .   

   PTTG1 Expression in Pituitary Tumors 

 Multiple studies have demonstrated that PTTG1 
is expressed at high levels in pituitary tumors. In 
normal pituitary, PTTG1 expression is restricted 
(Saez et al.  1999 ; Zhang et al.  1999a  )  and dis-
plays an estrous cycle-dependent expression pat-
tern (Heaney et al.  2002  ) . Saez et al.  (  1999  )  
showed elevated PTTG1 mRNA expression in 
12 pituitary adenomas (6 non-functioning, 4 GH, 
1 PRL and 1 ACTH hormone), while only little 
PTTG1 was detected in normal pituitary by 

Northern blot. In addition, immunostaining 
showed cytoplasmic PTTG1 immunoreactivity in 
32 of 36 pituitary adenomas; nuclear staining was 
only observed in a few cells. 

 Several  fi ndings indicate the potentially pre-
dictive value of PTTG1 as a marker of aggressive 
pituitary tumor behavior. Using comparative 
RT-PCR study in 54 pituitary adenomas, more 
than 50% increase of PTTG1 mRNA expression 
was observed in 21 of 30 non-functioning, all 13 
GH, 9 of 10 PRL, and one ACTH-secreting 
tumors examined, with more than tenfold 
increases of PTTG1 expression evident in some 
tumors. Higher PTTG1 expression was observed 
in hormone-secreting tumors which had invaded 
the sphenoid bone compared with tumors con fi ned 
to the pituitary fossa. However, there was no cor-
relation shown between tumor stage and PTTG1 
levels in non-functioning adenomas. Therefore, 
PTTG1 abundance is a molecular marker for 
invasiveness in hormone-secreting pituitary 
tumors. Interestingly, a recent study of 25 PRL-
secreting pituitary tumors showed that although 
PTTG1 expression did not  per se  predict aggres-
sive behavior, nuclear PTTG1 staining was one 
of the histological features (numerous mitoses, 
high Ki-67 index, and nuclear labelling of PTTG1 
and P53) distinguishing aggressive–invasive PRL 
tumors from those behaving less aggressively 
(Wierinckx et al.  2007  ) . Furthermore, PTTG1 
expression correlates with pituitary tumor recur-
rence. Filippella et al.  (  2006  )  reported mainly 
nuclear PTTG1 immunoreactivity in approxi-
mately 90% of 45 pituitary tumors tested, whereas 
PTTG1 protein was not detected in normal pitu-
itary tissue. PTTG1 expression showed a strong 
correlation with Ki-67 immunopositivity, and 
was higher in recurrent tumors. A PTTG1 score 
of 3.3% was the best cut-off for distinguishing 
between persistent/recurrent and non-recurrent 
tumors (sensitivity, 60%; speci fi city, 76%). In 27 
out of the 45 patients for which 1-year follow-up 
was available, a cut-off of 2.9% for both PTTG1 
and Ki-67 positivity predicted recurrence versus 
non-recurrence, Ki-67 being the superior pre-
dictor. PTTG1 overexpression is correlated with 
angiogenesis in human pituitary adenomas. In 
101 pituitary adenomas, PTTG1 was signi fi cantly 
correlated with vascular endothelial growth 
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factor (VEGF) expression and blood vessel num-
bers. The analysis of CD34 immunopositivity 
and blood vessel distribution in tumors showed a 
high correlation between PTTG1 expression and 
microvascular density in GH-secreting pituitary 
adenomas. It is particularly noteworthy that 
immunohistochemical double staining indicated 
co-localization of VEGF in many PTTG1-positive 
tumor cells (Minematsu et al.  2006  ) . 

 Other studies have investigated a potential 
correlation between PTTG1 expression and 
pituitary tumor subtype. Hunter et al.  (  2003  )  
studied PTTG1 mRNA levels in 40 pituitary 
tumors, and showed elevated expression of 
PTTG1 in GH-secreting adenomas (2.7-fold) 
compared with non-functioning adenomas, sug-
gesting cell type-dependent expression of 
PTTG1. Several reports showed that, although 
PTTG1 was upregulated in all histological sub-
types, its expression was highest in ACTH-
secreting and non-functioning pituitary tumors 
(McCabe et al.  2003 ; Saez et al.  1999 ; Zhang 
et al.  1999a  ) . However, Minematsu et al.  (  2006  )  
examined 101 pituitary adenomas and revealed 
that PTTG1 mRNA elevation in most pituitary 
adenoma subtypes did not have a statistically 
signi fi cant difference. At present, PTTG1  asso-
ciation with pituitary tumor subtype is  elusive 
and needs further investigation.  

   Regulatory Mechanisms 

 Understanding mechanisms regulating PTTG1 
expression in pituitary tumors could elucidate the 
process of tumor progression and help identify 
subcellular antitumor targets. The precise regula-
tory mechanism for PTTG1 expression remains 
unclear in pituitary tumors, but several possible 
pathways have been implicated including estro-
gen, epidermal growth factor, Oct-1 and Rb/E2F1 
and so on. 

   Estrogen 

 Estrogen is an important regulator of pituitary 
PTTG1 expression (Heaney et al.  1999,   2002 ; Yin 
et al.  2001  ) . Estrogen is mitogenic for lactotrophs 

and gonadotrophs, and high doses of estrogen 
induce rat lactotroph hyperplasia and adenoma 
formation. Estrogen treatment of rat pituitary 
somato-lactotroph GH3 cells dose-dependently 
induced Pttg1 mRNA expression at 12 h, peaking 
at 24 h (Heaney et al.  1999  ) . Estrogen induces 
Pttg1 mRNA expression by acting upon an estro-
gen-response element (ERE) in the Pttg1 pro-
moter region. Furthermore, in Fischer 344 rats, 
pituitary PTTG1 expression was induced by estro-
gen and preceded estrogen-induced hyperplasia 
and adenoma formation (Heaney et al.  1999  ) . In a 
study by Yin et al.  (  2001  )  in two out of the four rat 
strains examined, estrogen increased pituitary 
Pttg1 mRNA levels in parallel with estrogen 
induced pituitary tumor development. Estrogen-
induced pituitary Pttg1 levels increased concomi-
tantly with the proestrus serum estradiol surge, 
and were blocked by antiestrogen coinfusion 
 in vivo  (Heaney et al.  2002  ) . These results indi-
cate that estrogen-induced PTTG1 expression 
is coincident with early pituitary lactotroph trans-
formation and suggest a role for PTTG1 in the 
preliminary stages of tumour initiation.  

   Epidermal Growth Factor (EGF) 

 Epidermal growth factor (EGF) is an important 
growth factor that regulates pituitary develop-
ment, hormone synthesis and cell proliferation. 
In pituitary folliculostellate cells (TtT/GF), 
Vlotides et al.  (  2006  )  demonstrated that EGF 
caused up to threefold induction of Pttg1 
mRNA expression, enhanced proliferating cell 
nuclear antigen (PCNA), and increased entry 
of G0/1-arrested cells into S-phase. EGF-
induced Pttg1 expression and cell proliferation 
was abolished by preincubation of TtT/GF 
cells with EGFR inhibitors AG1478 and 
ge fi tinib. Phosphatidylinositol 3 kinase (PI3K), 
protein kinase C (PKC) and MAPK pathways 
were involved in EGF-induced Pttg1 expres-
sion, as well as PCNA mRNA expression and 
entry into S-phase. EGF-induced Pttg1 expression 
was cell cycle dependent, peaking at the S-G2 
transition and declining thereafter. Therefore, 
PTTG1 is a target for EGFR-mediated paracrine 
regulation of pituitary cell growth.  
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   Octamer-Binding Transcription Factor 1 
(Oct-1, POU2F1)    

 The transcription factor Oct-1 (also called 
POU2F1) is a member of the POU homeodo-
main family and is ubiquitously expressed in 
adult tissues. Zhou et al.  (  2008  )  detected con-
cordant overexpression of Oct-1 and 
PTTG1 in 79 human pituitary tumor speci-
mens by using confocal immuno fl uorescence 
imaging. Oct-1 speci fi cally bound to the 
human PTTG1 promoter, and increased 
PTTG1 transcriptional activity up to 2.5-fold. 
The transactivation was abrogated by co-trans-
fection of an inactive Oct-1 form lacking the 
POU domain or by utilizing mutated PTTG1 
promoters. Oct-1 elevated PTTG1 mRNA and 
protein expression, and the induction was atten-
uated by Oct-1 siRNA. These  fi ndings show that 
Oct-1 induces PTTG1 transcriptional activity 
and expression, thus offering a mechanism for 
pituitary tumor PTTG1 abundance.  

   Rb/E2F1 Pathway 

 Retinoblastoma protein (Rb) controls the G1/S 
cell phase transition and enables cell growth by 
targeting key transcription factors including the 
E2Fs. Rb/E2F1 is dysregulated in murine and 
human pituitary tumors. PTTG1 is required for 
pituitary tumorigenesis and PTTG1 deletion 
attenuates pituitary tumor development in Rb +/−  
mice. It has been reported that human PTTG1 
acts as a direct E2F1 target. E2F1 and PTTG1 
were concordantly overexpressed in 29 of 46 
Rb +/−  murine pituitary tissues and also in 45 of 80 
human pituitary tumors. E2F1 speci fi cally bound 
the PTTG1 promoter. E2F1 overexpression dose-
dependently induced PTTG1 transcription and 
enhanced PTTG1 mRNA and protein levels in 
p53-devoid cells. The presence of endogenous 
p53/p21 constrained the induction, whereas 
knocking down either p53 or p21 restored E2F1-
induced PTTG1 transactivation and expression. 
Moreover, suppressing endogenous Rb elevated 
both E2F1 and PTTG1 protein levels, whereas 
attenuated E2F1 expression resulted in sup-

pressed PTTG1. These results elucidate a mecha-
nism for abundant tumor PTTG1 expression, 
whereby Rb inactivation releases E2F1 to induce 
PTTG1 expression. This signalling pathway may 
underlie the requirement of PTTG1 for pituitary 
tumorigenesis (Zhou et al.  2009  ) .  

   Other Regulatory Factors and Pathways 

 Several factors and signalling pathways regulating 
PTTG1 expression have been implicated in some 
tumor models other than those in the pituitary 
(Vlotides et al.  2007  ) . For example, an effect of 
insulin and insulin-like growth factor (IGF-I) on 
PTTG1 expression has been demonstrated in 
glioma (LN405 and U87MG) and breast (MCF-7) 
cancer cell lines. In astrocytic tumors, PTTG1 
expression is induced by epidermal growth fac-
tor, transforming growth factor- a , hepatocyte 
growth factor and insulin-like growth factor-1. In 
Leydig testicular cancer cells, PTTG1 is upregu-
lated by extracellular Ca 2+  acting via the calcium-
sensing receptor. In esophageal and colorectal 
cancers, PTTG1 abundance is correlated with 
aberrant activation of  b -catenin/T-cell factor 
(TCF). In hepatocellular carcinoma, inactivation 
of tumor suppressor Kruppel-like factor (KLF6) 
is associated with increased PTTG1 expression 
(Lee et al.  2010  ) .   

   Functions 

   PTTG1 and Cell Cycle Regulation 

   Securin Function in Mitosis 
 Equal chromosome segregation during mitosis is 
maintained by the separation of sister chromatids 
in a controlled manner. As a mammalian securin 
protein, PTTG1 is an important component of the 
spindle checkpoint controlling faithful chromatid 
separation. The spindle checkpoint blocks ana-
phase entry by inhibiting the anaphase-promoting 
complex (APC). The APC, also called cyclo-
some, is an ubiquitin ligase (E3) complex con-
sisting of different subunits that ubiquitinate 
mitotic cyclins, securin and other cell cycle pro-
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teins. Cohesin holds sister chromatids together 
during metaphase and dissociates at the onset of 
anaphase by a protein called separase. The pre-
mature activation of separase is prevented by the 
binding of securin. At metaphase to anaphase 
transition, once chromosome bi-orientation is 
complete, APC is activated and targets securin 
for proteasomal degradation. Securin destruction 
releases separase, which subsequently mediates 
degradation of the cohesin complex, and equal 
separation of sister chromatids proceeds to dip-
loid daughter cells. 

 The mitotic spindle checkpoint is critical for 
preventing aneuploidy, which in turn can lead to 
tumorigenesis. The role of PTTG1 in aneuploidy 
has been investigated in HCT116 colorectal can-
cer cells, but not in pituitary cells. Jallepalli et al. 
 (  2001  )  knocked out PTTG1 in HCT116 cells by 
using homologous recombination and showed 
that PTTG1 is required for chromosomal stabil-
ity. PTTG1 knockout cells exhibited a high rate 
of chromosome loss, similar to those observed in 
naturally occurring cancers. Even after prolonged 
incubation in nocodazole or colcemid, no evidence 
for chromatid separation in PTTG1 -/-  cells was 
observed. In addition, they showed that the dele-
tion of PTTG1 blocked anaphase. Time lapse 
experiments and immuno fl uorescence micros-
copy experiments exhibited that cells lacking 
PTTG1 had impaired chromatid separation, and 
resulted in abnormal anaphase completion and 
aneuploidy.  

   G1/S Phase Transition 
 In addition to PTTG1 securin function, a recent 
report showed that PTTG1 acts coordinately with 
Sp1 to induce cyclin D3 expression and promote 
G1/S phase transition (Tong et al.  2007  ) . PTTG1 
interacted with the transcription factor Sp1 and a 
PTTG1-Sp1 complex colocalized on the CCND3 
promoter. Suppression of either Sp1 or PTTG1 
with siRNA resulted in attenuated G1/S transi-
tion, with increased G1 and decreased S phase. 
Cotransfection of Sp1 siRNA and PTTG1 plas-
mid or PTTG1 siRNA and Sp1 plasmid reversed 
the effect of the other. Transfecting Sp1 elevated 
CCND3 mRNA and protein expression, whereas 
co-transfection of Sp1 and PTTG1 siRNA neu-

tralized the CCND induction. With the use of 
p21 -/-  HCT116 cells, PTTG1-mediated G1/S 
phase transition was shown to be p21-
independent.  

   G2/M Phase Transition 
 PTTG1 has a well established role in binding and 
inhibiting separase and thereby ensuring the 
appropriate timing of sister chromatid separation. 
Anaphase promoting complex (APC) activity is 
low during G2 and prophase, when cells prepare 
to enter M-phase. Cyclin B accumulates during 
G2 and prophase when its rate of destruction by 
the APC is low. PTTG1 is also the APC substrate 
that is ubiquitinated and destroyed concomitantly 
with cyclin B. Marangos and Carroll  (  2008  )  
found that PTTG1 regulates M-phase entry by 
modulating cyclin B stability. In mouse oocytes, 
excess PTTG1 caused stabilization of cyclin B 
and precocious entry into M-phase. Depletion of 
PTTG1 increased cyclin B degradation, resulting 
in delayed progression into M-phase. This effect 
required APC activity and was reversed by 
expression of wild-type PTTG1. These  fi ndings 
reveal a novel role for PTTG1 at the G2-M 
transition, whereby the competition between 
APC degradation and PTTG1 protection of cyclin 
B allows for M phase timing.   

   Mouse Models 

   Knockout Mouse Model 
 Wang et al.  (  2001  )  developed mice lacking the 
murine Pttg1 gene by homologous recombina-
tion. It is known that loss of yeast or drosophila 
securin is lethal. However, mice lacking Pttg1 
were surprisingly viable and fertile; but they had 
testicular and splenic hypoplasia, thymic hyper-
plasia, and thrombocytopenia. Pttg1 -/-  mouse 
embryo  fi broblasts exhibited aberrant cell cycle 
progression with prolonged G2-M phase and 
binucleated and multinucleated nuclei with 
increased aneuploidy. Pttg1 -/-  mouse embryo 
 fi broblast metaphases contained quadriradial, tri-
radial, and chromosome breaks, as well as pre-
mature centromere division (Wang et al.  2001  ) . 
These  fi ndings indicate PTTG1 functions to 
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maintain chromosome stability, cell cycle pro-
gression, and appropriate cell division. The non-
fatal phenotype of Pttg1 -/-  knockout mouse 
suggests more than one mechanism for sister 
chromatid separation. It is likely that other mech-
anisms compensate for the loss of PTTG1 and its 
functions in the cell cycle control. In subsequent 
studies, Wang et al.  (  2003  )  showed that the reduc-
tion of pancreatic islet mass and the decrease in  b  
cell numbers in Pttg1 -/-  male mice resulted in dia-
betes type I in their late adulthood. Though the 
IGF-1 and thyroid hormone levels were normal 
in these mice, some additional non-genetic fac-
tors may have contributed to hyperglycemia 
development in these mice in addition to PTTG1 
loss. In contrast, Pttg1 -/-  female mice exhibited 
normal plasma glucose levels, suggesting that 
estrogen might be protective for islet mainte-
nance and  b  cell proliferation. Pttg1 -/-  mice do not 
develop tumors, but exhibit pituitary hypoplasia, 
whereas Rb +/−  mice develop pituitary tumors with 
high penetrance. Therefore Pttg1 -/-  mice were 
crossbred with Rb +/−  mice to test PTTG1 actions 
in pituitary tumorigenesis. Pttg1 deletion rescued 
enhanced tumor development caused by Rb hetero-
zygosity. The development of pituitary tumors 
was delayed in Rb +/−  Pttg1 -/-  mice. This effect was 
mediated by induction of p21  following PTTG1 
knockout (Chesnokova et al.  2005  ) .  

   Transgenic Mouse Model 
 To understand the role of PTTG1 in pituitary 
tumorigenesis, transgenic PTTG1 was targeted to 
the mouse pituitary driven by alpha-subunit gly-
coprotein promoter (Abbud et al.  2005  ) . These 
transgenic mice showed plurihormonal focal 
pituitary transgene expression with LH-, TSH-, and 
unexpected GH-cell focal hyperplasia and ade-
noma, associated with increased serum LH, GH, 
testosterone, and/or IGF-I levels. MRI revealed 
both pituitary and prostate enlargement at 
9–12 months. Urinary obstruction caused by 
prostatic hyperplasia and seminal vesicle hyper-
plasia, with renal tract in fl ammation, resulted in 
death by 10 months in some animals. Pituitary 
PTTG1 expression resulted in plurihormonal 
hyperplasia and hormone-secreting microade-
nomas with profound peripheral growth-stimula-

tory effects on the prostate and urinary tract. 
These  fi ndings provide evidence for early pitu-
itary plasticity, whereby PTTG1 overexpression 
results in a phenotype switch in early pituitary 
stem cells and promotes differentiated polyhor-
monal cell focal expansion. 

 The oncogenic function of PTTG1 was further 
con fi rmed by crossbreeding Rb +/−  mice with 
PTTG1 transgenic mice. The mice bearing a sin-
gle Rb mutant allele developed pituitary tumors 
with high penetrance. Crossbreed Rb +/−  with 
PTTG1 transgenic mice showed enlarged pituitary 
glands and a 3.5-fold increase in the frequency of 
tumors originating from  a -subunit-expressing 
cells. The bitransgenic mice with enlarged pitu-
itary glands developed pituitary tumors earlier 
compared to Rb +/−  mice. Confocal microscopic 
experiments revealed an alteration in the chroma-
tin pattern similar to malignant cells. Increases in 
pituitary hyperplasia in PTTG1 overexpressing 
cells were observed in these bitransgenic mice 
when compared to Rb +/−  mice, supporting a role of 
PTTG1 in pituitary gland tumorigenesis (Donangelo 
et al.  2006  ) .    

   PTTG1 and Cell Proliferation 

 The effects of PTTG1 on cell proliferation are 
complicated, as studies have reported contradic-
tory  fi ndings. PTTG1 is a cell-transforming onco-
gene, therefore one would expect a pro-proliferative 
action; on the other hand, functioning as a securin 
protein, PTTG1 overexpression is expected to 
reduce cell proliferation by arrest of mitosis and 
inhibition of sister chromatid separation. In  ex vivo  
pituitary tumor specimens, a correlation has been 
demonstrated between PTTG1 expression and cell 
proliferation. PTTG1 expression correlated with 
proliferation marker Ki-67 or proliferating cell 
nuclear antigen (PCNA) respectively in pituitary 
adenomas (Filippella et al.  2006  ) . Furthermore, 
Pttg1 knockout mice exhibited a reduction in  b -cell 
islet mass and a decrease in cell proliferation 
(Wang et al.  2003  ) . In Rb +/−  Pttg1 -/-  mice, PTTG1 
ablation led to decreased pituitary cell proliferation 
(Chesnokova et al.  2005  ) . These  fi ndings support 
the pro-proliferation role of PTTG1. On the contrary, 
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the anti-proliferative function of PTTG1 has also 
been illustrated in animal and cell transfection 
studies (Mu et al.  2003 ; Pei and Melmed  1997  ) . A 
clinical study showed that although PTTG1 expres-
sion was associated with cell proliferation in the 
normal pituitary, no correlation was detected in 
101 pituitary adenomas (Minematsu et al.  2006  ) . 
Interestingly, the phosphorylation status of PTTG1 
was involved in pro- or anti-proliferative effect of 
PTTG1 overexpression (Boelaert et al.  2004  ) . In 
present, whether PTTG1 promotes or suppresses 
cell proliferation remains elusive. Further studies 
to illuminate PTTG1 roles in proliferation would be 
helpful to understand pituitary tumor progression.  

   PTTG1 and Angiogenesis 

 PTTG1 is involved in angiogenesis, at least partly, 
by induction of  fi broblast growth factor 2 (FGF-
2, also called bFGF) and VEGF (McCabe et al. 
 2002 ; Minematsu et al.  2006  ) . Ishikawa et al. 
 (  2001  )  showed that the conditioned medium col-
lected from NIH3T3 cells transfected with human 
PTTG1 induced angiogenesis. As a transactivator 
of growth factors, high PTTG1 expression induces 
FGF-2, VEGF and other proangiogenic genes. 
Both PTTG1 and FGF-2 are upregulated in pitu-
itary tumors (Heaney et al.  1999  ) . Zhang et al. 
 (  1999b  )  reported that transfecting PTTG1 in 
NIH3T3 cells resulted in increased bFGF mRNA 
expression and secretion. A point mutation of the 
putative SH3-binding site within the C-terminal 
region of PTTG1 abrogated this bFGF production. 
Pei  (  2001  )  demonstrated that PTTG1 transactivated 
bFGF by interacting with PBF. One clinical study 
detected higher expression levels of PTTG1, 
PTTG1 binding factor (PBF), and FGF-2 and its 
receptor FGFR1 mRNAs in pituitary adenomas 
as compared to normal tissues in 121 pituitary 
tumors. In addition, FGFR1 expression was higher 
in hormone-secreting pituitary tumors that invade 
bone (the sphenoid bone) than in those that do 
not (Heaney et al.  1999  ) . These data suggest a 
causative association between PTTG1 and FGF-2 
in pituitary adenomas. Moreover, a signi fi cantly 
positive correlation was found between VEGF 
and PTTG1 mRNA expressions, as well as 

between PTTG1 and KDR (kinase insert domain 
receptor; VEGF receptor) mRNA in pituitary 
adenomas. VEGF and PTTG1 showed co-local-
ization (Minematsu et al.  2006  ) . PTTG1 is impor-
tant in regulating angiogenic genes. Therefore, 
further investigation of the role of PTTG1 in 
angiogenesis is essential for developing a stage-
speci fi c as well as a targeted cancer therapy.  

   PTTG1 and Senescence 

 Senescence refers to premature irreversible cell 
proliferation arrest. Senescent cells maintain 
cellular function and viability, but are devoid 
of proliferative potential. Senescence may thus 
function as a natural surveillance protecting against 
tumorigenesis. Furthermore, in benign tumors 
such as pituitary tumors, senescence may prevent 
malignant transformation. Mechanisms leading 
to senescence mainly converge to the p53/p21 
and p16/pRb pathways. 

   PTTG1 Deletion Results in Pituitary 
Tumor Senescence 

 Pttg1-de fi cient pituitary cells exhibit intracellular 
p53 accumulation and p21 induction. p21 induc-
tion triggers senescence, which facilitates Rb 
hypophosphorylation and tumor growth arrest. 
High pituitary p21 levels observed in the absence 
of PTTG1 were associated with suppressed Cdk2 
activity, decreased RB phosphorylation and cyclin 
A expression, all required for cell cycle progres-
sion (Chesnokova et al.  2005,   2007  ) . Pttg1 dele-
tion also led to extensive pituitary cell aneuploidy, 
which activated DNA damage signaling pathways 
triggering ARF/p53/p21 senescence evidenced by 
increased SA- b -gal activity in Pttg1 -/-  pituitary 
gland (Chesnokova et al.  2008  ) .  

   PTTG1 Overexpression Results 
in Pituitary Tumor Senescence 

 Pttg1 deletion caused p21 induction has been 
observed mostly in GH-producing mouse Pttg1 -/-  
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pituitary cells (Chesnokova et al.  2007  ) . p21 was 
also induced in Pttg1-transfected GH3 pituitary 
cells and in human GH-secreting pituitary adenomas 
exhibiting high PTTG1 levels (Chesnokova et al. 
 2008  ) . Rat GH3 cells were transiently transfected 
with EGFP–PTTG1 plasmids, and immunocy-
tochemistry showed enhanced p21 protein 
expression in these cells as compared with vec-
tor-transfected cells. Transfected cells were also 
sorted by  fl owcytometry, and increased p21 
mRNA levels were observed in EGFP–PTTG1-
positive GH3 cells relative to controls 
(Chesnokova et al.  2008  ) . PTTG1 is abundantly 
expressed in human pituitary tumors. A strong 
positive correlation between PTTG1 and p21 
expression was observed in 56 of 72 pituitary 
adenomas of various phenotypes. GH-secreting 
pituitary adenomas expressed markers of senes-
cence including high levels of p21 and SA- b -gal 
activity. In 23 of 26 GH-producing pituitary 
 adenomas accompanied with high PTTG1 levels, 
senescence was evidenced by increased p21 and 
SA-beta-galactosidase. Thus, either deletion or 
overexpression of PTTG1 promotes pituitary cell 
aneuploidy and p53/p21-dependent senescence, 
particularly in GH-secreting cells. p21 elevation 
in aneuploid pituitary cells may constrain pitu-
itary tumor growth, thus accounting for the very 
low incidence of pituitary carcinomas.   

   Summary 

 PTTG1 is a highly interesting multi-domain and 
multi-functional protein. It is overexpressed in 
most human tumors including pituitary adenoma, 
and is transcriptionally regulated by various fac-
tors and signalling pathways. PTTG1 is involved 
in a wide array of physiologic and oncogenic 
functions. Molecular and clinical studies impli-
cate diverse roles of PTTG1 in cell cycle regula-
tion, genetic instability, cell proliferation, 
pituitary tumor angiogenesis and senescence. 
Transgenic mouse models of both PTTG1 over-
expression and inactivation support a causal role 
for PTTG1 in the development of pituitary 
tumors. Further investigation of the PTTG1 path-
way and its role as a biomarker and therapeutic 
target are warranted.      
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  Abstract 

 Endoscopic endonasal transsphenoidal surgery 
has gained increasing acceptance by neurosur-
geons. In many centers throughout the world, 
this technique is now routinely used for the 
same indications as the conventional microsur-
gical technique. In 1963, Guiot and colleagues    
(La Presse Medicale 71:1225–1228, 1963)  fi rst 
proposed the use of an endoscope as part of a 
transnasorhinoseptal microsurgical approach. 
Endoscopic pituitary surgery differs from 
microscopic surgery, because it requires a steep 
learning curve for endoscopic skills and two-
dimensional visualization. Gaining experience 
with the endoscope, some changes of the stan-
dard approaches have been performed satisfac-
torily for pituitary adenoma in parasellar and 
suprasellar location. 

 Treatment of pituitary adenomas invading 
the cavernous sinus is one of the great chal-
lenges in neurosurgical practice. Expanded 
surgical techniques should be performed for 
the removal of the cavernous sinus component 
in pituitary adenomas invading the cavernous 
sinus. Extended approaches are essential for 
reaching the area from lamina cribrosa to the 
cranio-cervical junction. Extended transsphe-
noidal approach was originally described by 
Weiss (Transnasal transsphenoidal approach. 
In: Apuzzo MLJ (ed) Surgery of the third ven-
tricle, Williams and Wilkins, Baltimore, pp 476–
494, 1987). Expanded and extended endoscopic 
approaches were reported overtime. The endo-
scopic transsphenoidal approach has been 
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reported in the literature as a useful tool to treat 
sellar and parasellar lesions. Improved visual-
ization with 0° and angled endoscopes allow 
the surgeon to identify anatomic landmarks. 
Angled endoscopes especially provide great 
advantages on the removal of tumor  remnants 
at superior and lateral recesses. Different 
 treatment modalities should be considered 
to achieve remission during the follow-up 
period in patients with secretuar pituitary 
adenomas.      

   Introduction 

 A microsurgical transsphenoidal approach has 
been well established as the standard surgical 
treatment for pituitary adenomas, although the 
visualization of suprasellar and lateral areas with 
the microscope is dif fi cult. Guiot et al.  (  1963  )  
were the  fi rst in the literature to report the use of 
an endoscope during microsurgical transsphe-
noidal surgery. Some authors have described an 
endoscope-assisted technique, to complement the 
microscope in the early or late stages of a tradi-
tional procedure. Most pituitary surgeons are 
now using an endoscope to visualize the hidden 
anatomical corners as supplementary visualizing 
tools during microscopic transsphenoidal pitui-
tary surgery. 

 The  fi rst purely endoscopic pituitary surgery 
was reported by Jankowski et al.  (  1992  ) . Pure 
endoscopic endonasal transsphenoidal surgery 
has been described in detail by Jho  (  2001  ) . 
Recently, endoscopic endonasal transsphenoidal 
surgery has been progressively accepted by neu-
rosurgeons (Cappabianca et al.  2004  ) . It is per-
formed completely via the endoscope, without 
the use of a nasal speculum. The angled-lens 
endoscopic view provides direct visualization of 
the suprasellar area and cavernous sinus. Extended 
transsphenoidal is originally described by Weiss 
 (  1987  ) . Expanded and extended endoscopic 
approaches were reported overtime (Cavallo et al. 
 2005 ; Jho and Ha  2004 ; Kassam et al.  2005 ; 
Frank et al.  2006a  ) . Extended approaches are 

essential for reaching the area from lamina 
cribrosa to the cranio-cervical junction. In our 
Neurosurgery Department (Kocaeli University 
School of Medicine, Kocaeli, Turkey); 350 endo-
scopic transsphenoidal approach were performed 
during the 13 years. Among these, 300 endo-
scopic transsphenoidal approaches were per-
formed for pituitary tumors. The main problem in 
the initial stage of endoscopic transsphenoidal 
approach is the learning curve.  

   Learning Curve 

 Endoscopic pituitary surgery differs from micro-
scopic surgery, since it requires a steep learning 
curve for endoscopic skills and two-dimensional 
visualization. Whether it has been performed 
with microscope or endoscope, experience is the 
important point in reduction of the complications 
and in the effectiveness of the surgical procedure 
in pituitary surgery. For neurosurgeons who are 
accustomed to the microscope, there is a new 
learning curve that must be overcome for endo-
scopic pituitary surgery. 

 In a study of surgical experience and compli-
cations in the transsphenoidal microscopic sur-
gery by neurosurgeons in the United States, those 
having performed 200 cases and over were 
assessed as being experienced (Ciric et al.  1997  ) .
In other reports, even though a controlled study 
on the learning curve and experience was not pre-
sented for the reported endoscopic series of under 
200, complication rates were comparable with 
those of an experienced microscopic group 
(Cappabianca et al.  2002  ) . The main disadvan-
tage of endoscopic pituitary surgery is the lack of 
standard training programs. In endoscopic trans-
sphenoidal surgery, the learning curve is an 
important disadvantage for the neurosurgeon who 
is already well trained in microscopic surgery. 
In endoscopic pituitary surgery, the number of 
cases for the learning curve was calculated as 
70–80 (Cappabianca et al.  2002  ) . Additionally, in 
their study Sonnenburg et al.  (  2004  )  purposed to 
investigate the existence of learning curve for 
considering complications, revision surgery, 
length of stay and intraoperative blood loss. 
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In our recent study, we classi fi ed the  fi rst 40 cases 
as early and 38 cases as late period and found out 
that some changes on standard endoscopic 
approaches were possible on late-period cases 
(Koc et al.  2006  ) . Considering our cases, we have 
seen that the operation time, the amount of resec-
tion and the number of the reoperations for resid-
ual tumor, gradually improved in time with 
increased experience. In the initial period, even 
though endoscopic surgery of microadenomas 
was relatively easy, effective management of 
some macroadenomas with parasellar and supra-
sellar locations was dif fi cult. 

 Gaining experience with the endoscope, some 
changes of the standard approaches are performed 
satisfactorily for pituitary adenoma in parasellar 
and suprasellar location. The approaches for 
lesions extending into the ipsilateral cavernous 
sinus required extensive endoscopic experience 
and are certainly not suited for beginners.  

   Surgical Instruments 

 In our clinical series, surgeries were performed 
with the use of a 4-mm diameter endoscope with 
a 0°-angled lens and also a 30°- or 45°-angled 
endoscope for visualization of the parasellar and 
suprasellar areas. C-arm  fl uoroscopy was used in 
very few cases, only in selected ones. Navigation 
was used in some macroadenomas and in 
extended and expanded approaches. 

 In our department, endoscope holder was used 
in the initial cases however later on endoscope 
was used on free-hand and external irrigation was 
suf fi cient. 

 Fibrin glue was used for sella  fl oor repairment 
in some of the selected patients. We used a purely 
endoscopic endonasal approach to the sella, which 
was performed via an anterior sphenoidotomy, 
through the existing sphenoid ostium, without the 
use of a transsphenoidal retractor or any postop-
erative nasal packing, and with a rigid diagnostic 
endoscope as the sole visualizing tool. After tumor 
removal was thought to be complete, a 30°- or 
45°-angled endoscope was administered, which 
allowed complete resection of invasive adenomas 
by visualization of parasellar and suprasellar 

tumor extension. Angled endoscopes especially 
provide great advantages on removal of tumor 
remnants at superior and lateral recesses.  

   Surgical Approaches 

 Three different approaches can be classi fi ed in 
endoscopic transsphenoidal surgery:
    1.    Standard endoscopic transsphenoidal approach  
    2.    Expanded cavernous sinus approach  
    3.    Extended endoscopic transsphenoidal approach     

   Standard Surgical Technique 

 Generally mononostril approach is used for micro 
and macroadenomas. It has three phases: nasal, 
sphenoidal and sellar phase (Fig.  23.1 ).  
 Choice of nostril: In the comparable width of 
nasal cavity, considering septum deviation and 
pneumatized turbinates, the contralateral nostril 
was used for located paramedian adenomas. The 
size and shape of nasal cavity were measured 
with MR and computed tomography (CT) scan. 
Jho and Carrau  (  1997  )  suggested to work through 
both nostrils in cases with narrow nasal cavity in 
their established clinical series. An endoscope 
held with the non-dominant hand was inserted 
through one nostril and surgical instruments were 
inserted through the other. We think that the use 
of the contralateral nostril may facilitate endo-
scopic surgery in selected cases. In recent years 
as well as expand and extended approaches, we 
preferred binostril approach for the macroade-
nomas providing better manipulation. 

 Resection of turbinate: Jho and Ha  (  2004  )  rec-
ommend turbinate resection during the ascending 
phase of the learning curve. At the beginning, 
since we were unaccustomed with nasal anatomy 
and the nasal passage, resection of the lower half 
of the middle turbinate in  fi rst-group patients was 
performed if the nasal cavity was very narrow. 
Hence, it provided a larger operating cavity. 
Turbinate resection was not performed in late-
period cases, except cavernous and extended 
approaches. In the standard approach, to create an 
adequate surgical space, the head of the middle 
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turbinate was carefully pushed laterally hence 
surgical area between nasal septum and middle 
turbinate became wider. 

 Anterior sphenoidotomy: Resection of the 
sphenoid rostrum was performed and the anterior 
wall of the sphenoidal sinus was opened by drill 
and ronguer about 15-mm in size. The use of 
C-arm  fl uoroscopy was progressively decreased, 
but was required in case of conchal-type sphe-
noid sinus, when anatomical landmarks, such as 
the clivus, carotid prominence, opto-carotid 
recess, could not be distinguished. Besides, wide-
spread use of neuronavigation also decreased the 
need of C-arm in these conditions. Improved 
visualization with 0° and angled endoscopes 
allow the surgeon to identify anatomic landmarks, 
carotid prominence, optic chiasm etc. 

 Sellar opening: The opening of the sellar  fl oor 
was performed with a microdrill. In microade-
nomas, according to the location of the tumor, the 
half of sellar  fl oor was opened. In these cases, 
adenomectomy was performed just only via 
appropriate sella opening  fl oor without removing 
the midline septum of the sphenoid sinus 
(Hemisphenoidotomy approaches). Dural open-
ings can be made in different ways. In macroad-
enoma cases, wider sella opening is performed, 
at least 1 cm opening should be made. Wide sellar 

 fl oor opening provides increased intrasellar 
maneuver of the endoscope leading suprasellar 
dissection and visualization of lateral remnant 
parts thus make available total resection. In recent 
years capsular tumor dissection is gaining impor-
tance. The main property of endoscopic tech-
nique on capsular dissection is that it provides 
more information than microscopic techniques. 

 Histological psuedocapsule enveloping the 
pituitary tumors was de fi ned in the early 1900, 
however classi fi cation characteristics of the 
pseudocapsule were not delineated until now. 
Pseudocapsule was termed by Old fi eld and 
Vortmeyer  (  2006  )  as the boundary between the 
adenoma and surrounding pituitary tissue, that is 
made by the condensation of the basement mem-
branes of the compressed peritumoral cell lands. 

 Microsurgical pseudocapsule was de fi ned by 
Lee et al.  (  2009  )  as a peritumoral structure that 
can be distinguished both from tumor and normal 
gland under microscope intraoperatively. 

 Capsule structure was tried to be distinguish 
via endoscope prospectively in micro and mac-
roadenomas for 40 of last 70 patients (Fig.  23.2 ). 
In microadenomas a capsule formation was seen 
due to compressed pituicytes (Fig.  23.2 ). In cases 
with macro and giant adenomas, a pseudocapsule 
formation was seen as circumscribed in some 

  Fig. 23.1    Steps of the standard endoscopic transsphenoidal approach. Demonstrating; the nasal phase ( a ,  b ,  c ,  d ), 
Sphenoidal phase ( e ), and sellar phase ( f )       
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cases or irregular in other cases. This pseudocap-
sule is used in dissections of suprasellar and other 
neighboring structures. We believe that pseudo-
capsula should be removed for total resection. 
Suprasellar cistern should be seen in total and 
symmetric surgical area. Nowadays in each mac-
roadenoma case, following gently opening of the 
dura and controlling the presence of pseudocap-
sule, usually the soft central part of the adenoma 
is removed via aspirator and various curets and 
total removal is tried by the dissection of the hard 
outer layer with covering pseudocapsula 
(Fig.  23.2 ). However, administrating microdop-
pler both on dural incision and on sellar phase 
tumour resection would be useful to prevent 
carotid injury, the most dramatic complication in 
the sellar phase.   

   Expanded Cavernous Sinus Approach 

 Pituitary adenomas usually compress sur-
rounding structures, commonly resulting in sella 

enlargement and suprasellar extension. Invasion 
of the cavernous sinus account 6–10% of all pitu-
itary adenomas. However, in more recent reports 
of extended microscopic and endoscopic 
approaches, authors have reported cavernous 
sinus invasion in >10% of lesions (Dolenc  1989 ; 
Kitano et al.  2008  ) . 

 There are two major problems about pituitary 
adenomas invading CS. First is to de fi ne exten-
sion and invasion (Fig.  23.3 ). We de fi ned the 
criteria for cavernous sinus invasion endoscopi-
cally. According to these criteria’s invasion is 
identi fi ed and extension is distinguished. We per-
formed an intraoperative evaluation of cavernous 
sinus invasion considering; 
    1.    Visualization of the medial wall defect.  
    2.    Visualization of at least one of the intra cav-

ernous ICA segments (anterior vertical, hori-
zontal, posterior bend, paraclival carotid 
artery) (Fig.  23.3 ).  

    3.    Visualization of minor tumoral extensions 
through small focal pit holes of the medial 
wall of CS.  

  Fig. 23.2    ( a ,  b ) Intraoperative view of microcapsular dissectin and MRI of the patient demonstrating the microade-
noma ( c ,  d ): Intraoperative view of macrocapsular dissectin and MRI of the patient demonstrating the macroadenoma       
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    4.    Carotid artery segments were con fi rmed by micro 
doppler and CS invasion was evaluated during 
the tumor removal in cases of inability to view 
the CS endoscopically due to CS hemorrhage.     

 Second problem is the dif fi culty in demonstrating 
medial wall via preoperative imaging modalities. 
There is no neuroimaging method that can show 
the medial wall precisely. In the literature, differ-
ent results of the anatomic studies were published 
about the structure of the CS medial wall. Studies 
on the structure of the medial wall reported as one 
layer by some authors, as two layers in another or 
thin, loose, and histological defects are reported 
by the other authors (Chi and Lee  1980 ; Songtao 
et al.  2009 ; Yasuda et al.  2004 ; Yokoyama et al. 
 2001  ) . Thus some authors reported that tumor his-
tology is responsible for CS invasion while some 

authors insist on histological defects of the medial 
wall (Peker et al.  2005  ) . 

 In the endoscopic cavernous sinus approach, 
the medial and lateral surgical corridors formed 
by neurovascular structures have been described 
(Figs.  23.3  and  23.4 ), (Cavallo et al.  2005  ) . One 
endoscopic surgical corridor is medial to the 
intracavernous carotid artery, and another wider 
corridor is lateral to it. The medial corridor to the 
ICA is formed by the C-shaped segment of the 
intracavernous sinus–carotid artery, and is bor-
dered posteriorly by the dorsum sellae and the 
posterior petroclinoid fold. The lateral corridor to 
the ICA (triangular area) is demarcated by the 
intracavernous tract of the ICA posteriorly, by the 
vidian nerve inferiorly, and by the medial ptery-
goid process anteriorly.  

  Fig. 23.3    44 year-old male with nonsecretory adenoma 
( a ): Invasion on one side and displacement ( b ) on the other 
side were seen in the same case and was excellently 
viewed by the endoscopic technique. ( c ): Preoperative 

Gd-enhanced, T1-weighted MR images of the patient.  LC  
lateral corridor,  MC  medial corridor,  Cs  carotid siphon,  Pcl  
paraclival carotid artery,  T   fi brotic tumor, ( Blue arrows ): 
Demonstrating the area of lateral and medialcorridors       
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 In recently published anatomic studies, it is 
reported that the superior part of the medial wall 
was thinner while the inferior part to be thicker 
(Peker et al.  2005 ; Songtao et al.  2009  ) . This 
con fi rms why pituitary adenomas are usually 
located at the medial corridor and demonstrate 
CS invasion through the superior part. Most pitu-
itary adenomas extend into the cavernous sinus 
through the medial corridor (Cavallo et al.  2005  ) . 
The ideal lesions for the endoscopic endonasal 
approach are soft tumors such as pituitary ade-
nomas, which are unlikely to in fi ltrate the ICA 
and show a mediolateral growth pattern resulting 
in lateral displacement of the ICA. In contrast, 
hard, solid tumors such as meningiomas that are 
known to in fi ltrate the ICA may limit the indica-
tions for the endoscopic endonasal approach. 

 Treatment of pituitary adenomas invading 
the cavernous sinus is one of the great challenges 

in neurosurgical practice. Different treatment 
modalities should be considered to achieve remission 
during the follow-up period in these patients. 
Pituitary adenomas without cavernous sinus inva-
sion can be removed without expanding the surgical 
area to the cavernous sinus: this is the standard 
endoscopic transsphenoidal approach. More reli-
able surgical techniques should be performed for 
the removal of the cavernous sinus component in 
pituitary adenomas invading the cavernous sinus. 

 Various microscopic approaches, including 
transfacial, transsphenoidal, transmaxillary, trans-
maxillosphenoidal, transethmoidal, and transs-
phenoethmoidal exposures have been proposed 
to remove lesions involving the anterior portion 
of the cavernous sinus (Das et al.  2001  ) . These 
approaches are limited by a deep, narrow surgical 
corridor that does not allow adequate exposure of 
neurovascular structures. 

  Fig. 23.4    ( a ,  b ) 18 year-old female with GH secreting 
adenoma. ( a ) Visualization of intracavernous ICA 
segments. Preoperative ( b ) Gd-enhanced, T1-weighted 
MR images of the patient.  LC  lateral corridor,  H  hori-
zontal segment of the cavernous carotid artery,  Pb  

posterior bend of the cavernous carotid artery,  Pcl  
paraclival carotid artery ( c ,  d ) 53 year-old female with 
invasive adenoma (Extended Approach). Intraoperative 
view of the chiasm, the stalk.  OC  optic chiasm,  PS  
pituitary stalk       
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 Some authors proposed different endoscopic 
cavernous approaches in adenomas extending into 
the cavernous sinus. Cavernous approaches, tak-
ing tumoral invasion in account, require different 
modi fi cations of the standard approach as endo-
nasal transethmoidal (far lateral), ethmoidoptery-
gosphenoidal route, and extended approach 
(Al fi eri and Jho  2001 ; Cavallo et al.  2005  ) . 

 The endoscopic transsphenoidal approach 
allowed us to inspect part of the parasellar and 
middle cranial fossa areas of the cavernous sinus. 
The size, shape, and pneumatization of the sphe-
noid sinus are important factors in the lateral 
approach to the cavernous sinus. In patients with 
a presellar or conchal-type sphenoid sinus, it is 
dif fi cult to de fi ne surgical landmarks. Greater 
exposure of the lateral recess of the sphenoid 
sinus allows less extensive pterygoid process 
drilling. Depending on the anatomical variations 
of the nasion, and only in cases in which we used 
the medial corridor, we preferred a contralateral 
approach in the initial cases. We used combined 
approaches rather than a de fi ned cavernous sinus 
approach in the last cases. In these approaches, 
resection of anterior and posterior ethmoid cells 
and total or partial removal of the middle tur-
binate with medial pterygoid process resection 
(Ceylan et al.  2010  ) . 

 The medial corridor approach is adequate for 
Knosp Grades 2 and 3 lesions; however, the tumor 
should be removed by opening the lateral corridor 
in Grade 4 and ventral cases (Knosp et al.  1993  ) . 
In these cases, both corridors should be used. 

 The transcranial approach to lesions of the 
cavernous sinus is regarded as overly aggressive 
despite recent advances in cranial base surgery. 
In the literature, low rates have been reported for 
complete resection via the transcranial approach 
to pituitary adenomas involving cavernous sinus. 
Some authors have described their experience 
with the microscopic transsphenoidal approach 
to the cavernous sinus (Dusick et al.  2005 ; Pamir 
et al.  2006  ) . Couldwell et al.  (  1997  )  noted that the 
surgical exposure provided by a microscopic 
transsphenoidal approach is very limited because 
of the narrow midline corridor around the sella. 

 Kitano et al.  (  2008  )  described an extended 
transsphenoidal microscopic approach in 36 

patients with pituitary adenomas and extension 
into the cavernous sinus. This technique was 
accomplished by extending the submucosal dis-
section of the nasal septum to the lateral wall of 
the nasal cavity using a modi fi ed speculum mak-
ing the operative  fi eld up to 30 mm. In their cases, 
an extensive surgical corridor was provided via 
posterior ethmoidectomy, and in some cases by 
resection of the middle turbinate and posterior 
maxillary sinus wall. The authors reported that the 
narrow and deep operating  fi eld, which poses the 
risk of ICA injury during a blind procedure, is a 
major limitation of the microscopic extended 
transsphenoidal approach. They also noted that 
endoscopic procedures to cavernous sinus lesions 
might not be a standard procedure because of the 
dif fi culty in controlling unexpected massive hem-
orrhages from the venous plexus or ICA. In our 
series, hemorrhaging in three patients was con-
trolled with clip placement (silver surgiclip) for 
intercavernous venous bleeding, hemostatic agents 
and continual irrigation were used for cavernous 
sinus bleeding. When these events occurred, sur-
gery was continued; we do not consider such hem-
orrhagic events to contraindicate the use of the 
endoscopic transsphenoidal approach. 

 Frank and Pasquini  (  2006  )  performed the 
middle meatal and ethmoid–pterygosphenoid 
approaches. They described radical tumor removal 
via an endoscopic endonasal transsphenoidal 
approach in 21 of 35 patients with nonfunctioning 
adenomas, and hormonal remission in 13 of 30 
patients with functioning adenomas. However, it 
is advisable for these techniques to be performed 
by otolaryngologists in endoscopic sinus surgery 
or by neurosurgeons together with otolaryngolo-
gists in the nasal step of cavernous sinus surgery. 
In our department, such approaches were per-
formed without the help of otolaryngologists after 
the  fi rst 40 cases (Koc et al.  2006  ) . A median 
approach to wide resection may be preferred over 
the middle meatal approach in adenomas involv-
ing the cavernous sinus. 

 The use of a speculum in the transsphenoidal 
approach results in a narrow surgical  fi eld, but 
the purely endoscopic approach we used without 
a speculum provides a wide, panoramic visual-
ization that allows the surgeon room to work 
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freehand in the cavernous sinus. This approach 
also offers advantages for recurrent cases in 
which mucosal dissection was not used. 
Peripheral vision achievable with the endoscope 
has led to the development of surgical approaches 
that allow adequate exposure of the cavernous 
sinus with a reduction in surgical morbidity. 
Over the past decade, the use of endoscopy in 
transsphenoidal surgery has allowed widening of 
the surgical  fi eld, bringing it within the cavern-
ous sinus.  

   Choice of Treatment Strategy 

 Primary treatment is resection in nonfunctional 
macroadenomas with visual deterioration, ade-
nomas causing acromegaly, and Cushing disease. 
Remission has been achieved in ~60% of patients 
with acromegaly who underwent transsphenoidal 
surgery. If remission is not achieved after surgery, 
both medical treatment and stereotactic radiosur-
gery can be recommended. Medical treatment is 
never curative and requires long-term administra-
tion, making it costly (Kitano et al.  2008  ) . 
Stereotactic radiosurgical success in hormone-
secreting pituitary adenomas has been reported 
in ~80% of cases; however, the success rate is 
lower in pituitary adenomas with cavernous 
in fi ltration compared with nonin fi ltrating lesions, 
both in terms of volume reduction and biological 
remission rates (Pamir et al.  2007  ) . 

 Endoscopic techniques allow easy approach 
to the medial and inferior walls of the cavernous 
sinus, and total excision can be reached in about 
65% of cases. In hormone-secreting adenomas, 
remission can be reached in ~57–75% of cases, in 
57% of GH-secreting adenomas, in 75% of pro-
lactinomas, and in 75% of ACTH-secreting ade-
nomas; thus, resection should be the  fi rst choice 
of treatment (Ceylan et al.  2010  ) . However, when 
total resection is unsuccessful or total remission 
is not achieved, GKS should be added. In 
GH-secreting adenomas, combined medical treat-
ment should be used during initiation of radiosur-
gery. Combined medical and stereotactic 
radiosurgery treatment should be the  fi rst choice 
in elderly and high-risk patients.   

   Extended Approaches 

 Extended endoscopic transsphenoidal surgical 
techniques were described by several authors in 
the literature (Frank et al.  2006a,   b ; Kassam et al. 
 2005  ) . Endoscopic extended approaches can be 
used for midline skull base lesions from lamina 
cribrosa to foramen magnum. Also these 
approaches can be used in macro and giant ade-
nomas demonstrating supra, infra and parasellar 
invasion (Fig.  23.4 ). 

   Extended Approach Is Performed for 25 
Cases with Adenomas in Our Series 

 Surgical approaches were performed through 
both nostrils in all cases. After removing the middle 
turbinate of appropriate nasion (mostly preferred 
right nasion) the posterior nasal septum was 
removed. Mucosa of nasal septum was incised to 
form a  fl ap with its pedicle for closure. The mid-
dle turbinate of the contralateral nostril was 
pushed laterally providing binostril access 
(Ceylan et al.  2009  ) . Extended approach was per-
formed by two surgeons through both nostrils 
providing the surgeons to use two or three more 
surgical instruments together with the endoscope. 

 This provides the surgeons with a deep per-
spective and a closer view during the intradural 
maneuvers. Wider anterior sphenoidotomy than a 
standard sellar lesion have been performed to 
reach to the suprasellar area. In our cases, resec-
tion of anterior and posterior ethmoid cells, total 
or partial removal of middle turbinate with medial 
pterygoid process resection has been performed 
according to tumor localization and requirements. 
Surgical procedures have been continued accord-
ing to the lesion localization.   

   Closure Methods 

 The most important problem in endoscopic 
approach is the CSF leakage. To avoid this various 
closure techniques are de fi ned and performed. 
These include closure with standard techniques, 
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closure with expanded and extended techniques. 
Different materials and methods have been sug-
gested for sella  fl oor closure in a transsphenoidal 
approach. For microadenomas, reconstruction of 
the anterior sella was performed with autogenous 
bone. Bone pieces derived from the rostrum of 
sphenoid, middle turbinate and sphenoid septum 
provided bone lamella for sella repair. In macroad-
enomas, gelfoam (Upjohn, Kalamazoo, Mich.), but 
not fat graft, was used to obliterate the dead space. 
Sella  fl oor repair was dif fi cult in some macroade-
nomas with much eroded sella. If no CSF leak was 
seen intraoperatively, sellar  fl oor repair was 
enforced with  fi brin glue after repairing with bone. 

 Effective dural closure should be performed to 
avoid postoperative CSF  fi stula in extended 
approaches (Hadad et al.  2006 ; Snyderman et al. 
 2007  )  and in macroadenomas in which CSF leak 
occurred intraoperatively. In our cases, a multi-
layer technique has been used to close the supra-
sellar defect following the closure of the sella 
 fl oor and posterior sphenoid sinus wall. After the 
removal of the lesion, a single layer of surgical 
and fat graft was positioned inside the residual 
cavity. A dural graft was covered over the fat 
graft and positioned in the intradural space and a 
bone graft was used considering the borders of 
bone which is the solid barrier between the intra- 
and extradural compartments. Reconstruction 
have been continued by multiple layers of dural 
grafts and by mucosal  fl ap with its pedicle slipped 
from the original nasal septum. Surgical glues 
have been used to  fi ll the sphenoid cavity and 
hold the repair in place. A Fogarty catheter (12–
14 French) was in fl ated in the posterior nasal 
cavity just in front of the opened sphenoid sinus 
in cases where a  fl ap with pedicle was used.  

   Postoperative Evaluation 

 All patients with adenomas were evaluated with 
dynamic contrast-enhanced MRI as well conven-
tional imaging of the sella postoperatively on the 
 fi rst day (up to 24 h), and on the 3rd and 6th months 
to examine the remnant or recurrence. Absence of 
the tumor on postoperative MRI has been evaluated 
as total resection, while more than 80% resection 

of the tumor as subtotal resection on the 3rd month 
postoperatively. Postoperative ophthalmological 
examination for visual acuity and visual  fi eld were 
performed in the  fi rst month. 

 For secreting adenomas, the results of neu-
roimaging were correlated by the speci fi c blood 
assays, to show if a biochemical cure has also 
been achieved. Furthermore, after incomplete 
removal, control of the disease was sometimes 
obtained by using adjuvant pharmacological or 
other therapies. 

 Endocrinological remission criteria should be 
evaluated by comparing preoperative values with 
early and late (3 months) postoperative values. 
Tumor remission for endocrine-active pituitary 
adenomas was de fi ned at prolactin levels below 
or within the normal range (3–15 ng/ml for men 
and 3.9–27.7 ng/ml for women), and as freedom 
from clinical symptoms in patients with prolac-
tin-secreting adenomas (Kristof et al.  2002  ) . 

 For GH-secreting adenomas, remission was 
de fi ned as a suppressed serum GH < 1 ng/ml after 
oral glucose load, and subsequent normal sex- 
and age-adjusted insulin-like growth factor 1 lev-
els (Kristof et al.  2002  ) . In ACTH-secreting 
adenomas, remission was de fi ned at a normal cir-
cadian rhythm of plasma cortisol levels, normal 
24 h urinary cortisol levels, and serum cortisol 
values of 2  m g/dl after an overnight 2 mg 
dexamethasone-suppression test. Ophthalmological 
examination can be performed using the 
Humphrey perimeter for visual  fi eld function and 
the Hess chart evaluation for ocular motility.  

   Complications 

 The main complications are related to the hemor-
rhage control of intracranial vessels and to the 
closure of the dural and bony defects, with 
increased risk of postoperative cerebrospinal  fl uid 
(CSF) leak, tensive pneumocephalus, and/or men-
ingitis. Postoperative hemorrhage and sphenoid 
sinusitis are rarely seen complications of endo-
scopic transphenoidal approach. Postoperative 
endocrinologic complications included; transient/
permanent diabetes insipidus, anterior pituitary 
insuf fi ciency. 
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 Cranial nerve palsies are one of the complications 
related to cavernous sinus approaches. Also, ICA 
injuries for expanded approaches and anterior 
cerebral artery complex injury for extended 
approaches are dramatic complications of these 
approaches. CSF leakage is one of the main prob-
lems in extended approaches. Although free 
grafts or  fl aps with pedicle have been used for 
closure, CSF  fi stula rate is still high in the litera-
ture. Usage of free fascia lata graft and mucosal 
 fl aps with pedicle for clival lesions and applica-
tion of lumbar drainage for 5–7 days can be an 
important advance in decreasing CSF leakage in 
extended approaches. 

 Electrophysiological detection of oculomotor, 
trochlear, and abducent nerves using intraopera-
tive monitoring (Nim-Plus, Xomed) should be 
performed for cavernous sinus approaches to 
avoid postoperative cranial nerve palsies. 

 The CNs stimulation with a monopolar stimu-
lator electrode and eye movements evoked by 
the stimulation were monitored with an auditory 
signal. Cavernous sinus bleeding during the pro-
cedure can be controlled by using surgical and 
irrigation. In case of intercavernous venous 
bleeding, silver surgiclips can be used to control 
the hemorrhage. Carotid artery injury is the most 
dramatic complication of endoscopic transphe-
noidal approach. One case with residual ade-
noma referred to our department due to massive 
hemorrhage through the course of the surgical 
procedure. We de fi ned carotid injury during the 
surgical procedure. We controlled carotid hem-
orrhage by two experienced surgeons and 
removed the residual adenoma. Endovascular 
intervention was performed following the surgical 
procedure.  

   Discussion 

 Endoscopic Transsphenoidal approach is a newer 
technique than microscopic transsphenoidal 
approach. The information in the literature about 
endoscopic technique is limited in terms of both 
number of the cases and published series 
(Cappabianca et al.  2004 ; Frank et al.  2006b ; 
Kassam et al.  2005  ) . 

 Endoscopic technique has disadvantages and 
advantages by comparison with microscopic tech-
nique. The main disadvantages of endoscopic 
pituitary surgery can be brought under four 
groups; learning curve, requiring two experienced 
surgeon, bidimensional view and insuf fi cient vari-
ety of microinstruments. In endoscopic transsphe-
noidal surgery, the learning curve and the lack of 
standard training programs are important disad-
vantages for the neurosurgeon who is already well 
trained in microscopic surgery. One surgeon alone 
can continue the procedure in microsurgical tech-
nique, while endoscopic technique requires two 
surgeons with experience in the use of the endo-
scope in standard transsphenoidal surgery. 

 The endoscopic system gives computer-pro-
cessed bidimensional image on the video moni-
tor, which is a problem for depth perspective; 
besides, binocular stereoscopic vision of the 
operating microscopes is superior to endoscopic 
systems. Endoscope lens produce images with 
maximal magni fi cation at its center and contrac-
tion at its periphery, and the nearest images are 
disproportionally enlarged, while remote images 
are falsely miniaturized. This limit can be over-
come with continuous in-and-out movements of 
the endoscope. Handling dedicated endoscopic 
instruments and the associated different and vari-
ably angled tips is challenging when working in 
the tight corners that the angled endoscopes are 
designed to expose. 

 The most important advantage of endoscopic 
transphenoidal approach is to allow reaching the 
lesion without brain retraction and with minimal 
neurovascular manipulation. The majority of 
microscopic procedures are performed via a 
sublabial or transseptal route with dissection of 
the mucosa to expose the anterior face of the 
sphenoid. If endoscopic endonasal approach is 
used, nasal packing is not required. This helps 
to minimize patients’ breathing dif fi culties, 
headache, and dryness of the oral mucosa and is 
associated with excellent patient compliance 
(Dusick et al.  2005  ) . 

 Endoscopic transsphenoidal approach for 
anteroinferior portion of the cavernous sinus 
could be useful for adenoma extending into cav-
ernous sinus, decreasing morbidity and mortality 
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during surgery in this region. The ideal lesions 
for endoscopic endonasal approaches are soft 
tumors such as pituitary adenomas, not suitable 
for hard tumors such as meningiomas. The advan-
tage of the endoscopic endonasal cavernous sinus 
approach to the medial wall is that there is no 
need for dissection of the cranial nerves, which 
may reduce the incidence of postoperative cranial 
nerve palsy (Cavallo et al.  2005 ; Frank et al. 
 2006b  ) . 

 Endoscopic extended approaches are mainly 
for reaching the area from lamina cribrosa to the 
cranio-cervical junction and require a wider sur-
gical corridor to expose in the different sellar 
areas (Frank et al.  2006a ; Dusick et al.  2005  ) . 
A binostril approach provides not only a wide 
surgical area but also for hand maneuverability 
and allows usage of two or three instruments 
together through both nostrils. Some pitfalls of 
extended endoscopic transsphenoidal surgery can 
be described considering our experience (Ceylan 
et al.  2009  ) : Wide resection of middle/suprema 
turbinate and anterior and posterior ethmoid cells 
can cause lamina cribrosa injury and therefore 
CSF leakage. Wide medial pterygoid resection 
extending to vidian canal in lesions with clival 
extension can cause vidian nerve and anterior 
genu of petrous carotid artery injury. 

 The nasal speculum is essential in all types of 
microscopic approaches, and this causes restric-
tion of the microinstruments usage in the limited 
area created by the speculum. Sometimes, wide 
spreading of the transsphenoidal retractor at the 
anterior wall of the sphenoid sinus can carry 
some risks of optic nerve damage, facial swell-
ing, and nasal pain (de Divitiis et al.  2007  ) . These 
risks can be increased in the extended microsur-
gical approaches, because it requires a wider 
exposure compared with the standard approach. 

 The nasal speculum is not required in endo-
scopic approach. Using Endoscope for transsphe-
noidal surgery improves postoperative comfort 
and recovery time as a result of its minimally 
invasive characteristics. Also endoscopic tech-
nique allows better capsular dissection than 
microscopic technique. 

 In conclusion, the endoscopic transsphenoidal 
approach has been reported in the literature as a 

useful tool to treat sellar and parasellar lesions. 
Improved visualization with 0° and angled endo-
scopes allow the surgeon to identify anatomic 
landmarks, carotid prominence, optic chiasm, 
etc. The endoscope permits a panoramic view 
instead of the narrow microscopic view, and it 
allows the inspection and removal of the lesions 
of sellar, parasellar, and suprasellar compart-
ments by angled-lens endoscopes.      
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  Abstract 

 Pituitary adenomas are common brain tumors, 
comprising nearly 10% of all intracranial 
lesions. Although classically treated with 
transsphenoidal surgery, other methods of 
treatment that minimize damage to eloquent 
tissue need to be used as adjuncts to surgery 
when the tumor encases vital structures, such 
as the optic nerve and carotid arteries. Over 
the past 10 years, the literature increasingly 
has supported the ef fi cacy and safety of frac-
tionated radiosurgery for the treatment of patients 
with pituitary adenomas. In this chapter we 
review this literature and describe the method 
used at our institution for the treatment of 
pituitary adenomas.      

   Introduction 

 Pituitary adenomas are common brain tumors, 
comprising nearly 10% of intracranial lesions 
treated at medical centers across the country 
(Couldwell et al.  2004 ; Daly et al.  2007 ; Laws 
and Jane  2001  ) . Asymptomatic small pituitary 
tumors are even more prevalent and are estimated 
to represent 20% of all intracranial lesions (Daly 
et al.  2007  ) . Patients with pituitary adenomas fre-
quently present with endocrine abnormalities and 
visual disturbances. Surgery has classically pro-
duced excellent results, with long-term control 
rates of 50–80% while allowing for pathological 
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con fi rmation, rapid reduction of hormone overse-
cretion and decompression of the optic apparatus 
(Couldwell et al.  2004  ) . In cases where the 
adenoma encases critical structures, however, 
gross total resection of the tumor is not always 
possible and remnant tumor can serve as a seed 
for recurrence. 

 An increasing body of literature now supports 
the ef fi cacy and safety of fractionated radiosur-
gery for the treatment of patients with pituitary 
adenomas (Sheehan et al.  2005  ) . Herein we 
review the indications and data on the use of 
different radiation modalities for the treatment of 
pituitary adenomas and introduce the method 
used at our institution for the treatment of pitu-
itary adenomas with the CyberKnife radiosurgery 
suite (Accuray, Inc., Sunnyvale, California).  

   Radiation Therapy for Pituitary 
Adenomas 

  External Beam Radiation . The earliest experience 
with the use of radiation for treatment of pituitary 
adenomas dates back a century (Beclere  1909  ) . In 
the modern era, the use of external beam radiation 
therapy (EBRT) delivered at doses of 45–54 Gy in 
1.8 Gy/d fractions (25–30 treatments over 5–6 
weeks) with either a three- dimensional conformal 
or intensity modulated radiation therapy (IMRT) 
approach, EBRT provides excellent tumor control 
and acceptable endocrine results (Breen et al. 
 1998 ; Estrada et al.  1997 ; Grigsby et al.  1989  ) . 
In the literature tumor control rates with EBRT 
have ranged from 76 to 97%, and the rate of 
improvement in endocrine control in secretory 
lesions has ranged from 38 to 70% at 10 years and 
5 years after treatment, respectively (Flickinger 
et al.  1989 ; Rush and Cooper  1997 ; Tsang et al. 
 1994 ; Zierhut et al.  1995  ) . Despite its promise for 
tumor control and improvements in endocrine 
function, this method has many disadvantages, 
including panhypopituitarism, the need for multi-
ple daily treatments, slow tumor regression rates 
for macroadenomas, and a small but non-trivial 
risk of secondary tumors in patients with long-
term follow-up (Breen et al.  1998 ; Estrada et al. 
 1997 ; Grigsby et al.  1989  ) . Visual loss is a rare but 

reported complication, and is almost always lim-
ited to those patients receiving daily doses above 
1.8 Gy/day and/or total doses greater than 54 Gy 
(Parsons et al.  1994,   1996  ) . Another disadvantage 
is that in patients with functional tumors the 
median time to hormonal normalization is in 
excess of 5 years (Landolt and Lomax  2000  ) . 

  Gamma Knife Radiosurgery . The shortcomings 
of EBRT and the advent of stereotactic radiosur-
gery (SRS) paved the way for alternative radia-
tion-based approaches for the treatment of 
pituitary adenomas. The next modality to  fi nd 
common use was Gamma Knife radiosurgery 
(GKRS)(Castinetti et al.  2010  ) . The tumor con-
trol rate for pituitary adenomas after GKRS has 
ranged from 90 to 94% with 5 years of follow up. 
The rate of improvement of endocrinopathies 
associated with GKRS has ranged from 77.7 to 
93%, and the normalization rates have ranged 
between 21 and 52.4% (Castinetti et al.  2010 ; 
Cho et al.  2009  ) . Complication rates for GKRS 
have ranged from 0 to 12.6%; visual loss is the 
most common complication (Castinetti et al. 
 2010 ; Cho et al.  2009 ; Landolt et al.  2000  ) . 
Despite the compelling results reported by retro-
spective studies, the radiosensitive nature of the 
optic apparatus provides challenges for the treat-
ment of pituitary adenomas with radiosurgery. 

  CyberKnife Radiosurgery . In the early 1990s, the 
introduction of image-guided frameless robotic 
radiosurgery incorporated in the CyberKnife 
(Accuray, Inc., Sunnyvale, CA) made it possible 
to deliver multiple sessions of highly conformal 
radiation to lesions with an application accuracy 
that equaled that of conventional stereotactic 
frames (Romanelli et al.  2006  ) . The combination 
of relative accuracy, conformality, and homoge-
neity made the CyberKnife an excellent option for 
staged radiosurgery for the safe treatment of large 
lesions and tumors that are adjacent to radiation-
sensitive structures, such as the optic apparatus. 

 Several studies have investigated the use of 
CyberKnife radiosurgery (CKRS) for the treat-
ment of pituitary adenomas. An early study from 
Stanford University established the safety and 
ef fi cacy of using CKRS for the treatment of 
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pituitary adenomas with 20 Gy of radiation over 
two to  fi ve sessions (Pham et al.  2004  ) . In follow-
up studies, the Stanford group reported 19 pitui-
tary adenomas situated within 2 mm of a “short 
segment” of the optic apparatus and treated with 
CKRS in two to  fi ve sessions. The average tumor 
volume was 7.7 cm 3 . Doses as high as 8 Gy per 
fraction were administered, and the cumulative 
average marginal dose was 20.3 Gy. After radio-
surgery vision was unchanged in their patients 
(Adler et al.  2006  ) . The mean follow-up was 
49 months (range 6–96 months). 

 Kajiwara et al.  (  2005  )  reported 21 patients with 
pituitary adenomas treated with CKRS. Fourteen 
patients had adenomas, three had prolactinomas, 
two had acromegaly, and two had adrenocorti-
cotrophic hormone-producing tumors. The mar-
ginal irradiation dose ranged from 6.4 to 27.7 Gy 
(mean nonfunctioning adenomas 12.6 Gy, mean 
functioning adenomas 17.5 Gy), with a single 
fraction. At a mean follow-up of 35.3 months 
(range 18–59 months), the tumor control rate was 
95.2%. In one patient, visual acuity worsened due 
to cystic enlargement of the tumor. Hormonal 
function improved in the seven patients with func-
tioning adenomas. 

 The Stanford group recently reported their 
results with the use of CKRS for the treatment of 
Cushing’s disease (Roberts et al.  2007  ) . The treat-
ment protocol in this study was similar to that used 
in other studies from Stanford. A total dose of 
20 Gy of radiation was delivered over two to  fi ve 
sessions. After a mean follow up of 25.4 months 
(range 6–53 months), CKRS resulted in complete 
biochemical remission in 4 (44.4%) patients and in 
biochemical control with the concomitant use of 
a somatostatin analog in an additional patient. 
At last follow-up, one new case of panhypopitui-
tarism and two cases of hypogonadism were 
observed after CKRS in 3 (33%) patients. 

 A more recent Korean study summarized the 
results of CKRS treatment in 26 patients (17 with 
nonfunctioning adenomas, 3 with prolactinomas, 
and 6 with acromegaly) with pituitary adenomas 
(Cho et al.  2009  ) . A dose of 14–24 Gy was deliv-
ered over one to three sessions. The mean follow-
up was 30 months (range 7–47 months). The 
tumor control rate was 92.3%. Hormonal function 

improved in all nine (100%) patients with func-
tioning adenomas. Hormonal normalization was 
observed in four of the nine (44%) patients over a 
mean duration of 16 months. In two patients 
(7.6%), visual acuity worsened due to cystic 
enlargement of their tumor after treatment with 
CKRS. 

 We recently reported our results with the use 
of CKRS for the treatment of pituitary adenomas 
(Killory et al.  2009  ) . Nineteen patients received a 
dose of 25 Gy divided over  fi ve consecutive 
fractions. The mean tumor coverage with the 
full-prescribed dose was 97 ± 2.2% (range 89.8–
99.7%), with an average conformity index of 
1.3 ± 0.2 (range 1.1–1.9) to an average gross 
tumor volume of 17.5 ± 12.6 cm 3  (range 2.3–
42.3 cm 3 ). The mean maximal dose to the tumor 
per fraction was 6.8 Gy (range 5.8–8.3 Gy) and 
was 4.6 Gy (range 3.7–5.0 Gy) to the optic chiasm, 
with an average minimal dose of 4.2 Gy per frac-
tion (range 2.6–5.0 Gy per fraction). 

 At a mean follow-up of 26.6 months (range 
10.5–41 months), 14 of 14 patients with intact 
vision pre-treatment still had intact vision. 
Among the  fi ve patients with impaired vision 
pre-treatment, all were either stable (two of 
 fi ve patients) or had improved (three of  fi ve 
patients) at followup. Radiographic follow-up 
with  gadolinium-enhanced magnetic resonance 
imaging (MRI) showed that no tumors increased, 
8 had decreased, and 12 had remained unchanged. 
Among the eight patients who had no pituitary 
de fi cits before CKRS, only one developed a new 
endocrinopathy after a mean follow-up of 
25.2 months (range 16.2–37.7 months). In cases 
of functional tumors (four acromegalic tumors 
and one prolactinoma), levels of the insulin-like 
growth factor 1 (IGF-1) in two of the acromegalic 
tumors normalized at 4 and 23.5 months, respec-
tively. They remained normal at 30.6 and 
37.7 months, respectively. The other two acro-
megalic patients had signi fi cantly reduced levels 
of IGF-1 23.5 and 24.2 months after CKRS, 
respectively. In our series the single patient with 
a prolactinoma remains on cabergoline therapy at 
41 months. One patient developed transient diplo-
pia 3 months after CKRS, but it resolved after a 
short course of dexamethasone.  
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   Cyberknife Method for Pituitary 
Adenomas 

 For the radiosurgical treatment of pituitary ade-
nomas, the current recommendations suggest sin-
gle-fraction stereotactic radiosurgery at doses of 
15–18 Gy for nonfunctioning adenomas and of as 
much as 30 Gy for functioning adenomas (Pan 
et al.  2000 ; Zhang et al.  2000  ) . We prefer 
CyberKnife treatment for lesions of moderate size 
or those which are intimately associated with the 
optic apparatus, as a fractionated (5 Gy × 5 frac-
tions) approach has led to no visual loss and is 
associated with good endocrine outcomes in our 
series (Killory et al.  2009  ) . Our current practice is 
to treat adenomas that lie at least 2–3 mm from the 
anterior optic pathway with single-fraction stereot-
actic radiosurgery (usually Gamma Knife) at the 

recommended single dose of 15–25 Gy, depending 
on the functional status of the tumor. For these 
lesions we prefer Gamma Knife treatment because 
of the convenience of same-day image acquisition, 
planning, and treatment. The existing literature 
suggests that lesions within 2 mm of the optic 
nerves or chiasm are usually treated with a frac-
tionated protocol (CyberKnife) ranging between 
15 and 20 Gy of radiation over two to  fi ve sessions 
of radiosurgery (Adler et al.  2006 ; Kajiwara et al. 
 2005 ; Killory et al.  2009 ; Pham et al.  2004  ) . Lesions 
described as “very large” or “massive” despite deb-
ulking are still treated with fractionated EBXRT to 
doses of 50.4–54 Gy over 5–6 weeks. Our current 
protocol for perioptic lesions is described below. 

 All patients receive a comprehensive pretreat-
ment evaluation, including formal visual  fi eld 
testing (Fig.  24.1a, b ) with an ophthalmologist, 

  Fig. 24.1    Representative visual  fi eld test showing no 
deterioration of the visual  fi elds with CKRS treatment. 
( a )  Left eye  and ( b )  right eye  before CKRS treatment. 

( c )  Left eye  and ( d )  right eye  10 months after CKRS 
treatment ( Used with permission from   Barrow 
Neurological Institute )       
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gadolinium-enhanced MRI (Fig.  24.2a–c ), and 
an evaluation by our team (endocrinologist, neu-
rosurgeon, and radiation oncologist). Patients 
with secretory lesions who are on suppressive 
therapies (e.g., bromocriptine, somatostatin, etc.) 
are always taken off these agents with suf fi cient 
time before treatment to allow the tumor to return 
to an active mitotic state so as not to blunt or 

negate the effect of the radiation (Landolt et al. 
 1998  ) . Treatment planning is performed on the 
Accuray MultiPlan treatment software using thin-
slice, high-resolution, computed tomographic 
(CT) scans with 1.25 mm slice intervals and 
MRIs with 2- to 3-mm slice intervals obtained 
after intravenous administration of gadolinium. 
Next we construct a mask based on the CT scan 

  Fig. 24.2    ( a  and  b ) Coronal and ( c ) axial gadolinium-
enhanced MRIs showing an adenoma with an extension 
into the right cavernous sinus abutting Meckel’s cave, the 
optic chiasm, and posterior fossa. Coronal gadolinium-

enhanced MRIs obtained ( d ) before and ( e ) after CKRS 
treatment, showing an overall decrease in the size of an 
adenoma involving the left cavernous sinus ( Used with 
permission from   Barrow Neurological Institute )       
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  Fig. 24.3    Representative CKRS treatment plans 
showing solid isodose lines outlining the tumors 
and dotted outlines of critical structures, based on 

( a ) CT scans and ( b ) gadolinium-enhanced MRIs 
( Used with permission from   Barrow Neurological 
Institute )       
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data to properly position the patient. The Accuray 
MultiPlan software allows the user to fuse image 
sets to improve visualization of tumors and neural 
structures (Fig.  24.3 ).    

 Next, the treating surgeon manually outlines 
the lesion and critical structures, including the 
tumor, optic nerves, chiasm, brainstem, and eyes. 
The optic nerves are frequently dif fi cult to iden-
tify entirely throughout their course. The position 
of the optic apparatus is estimated when neces-
sary and drawn in even when not well seen. This 
structure is also reviewed on the coronal view 
to con fi rm that there is an appropriate three- 
dimensional outline. Our goal has been to limit 
the maximum optic nerve or chiasm exposure to 
5 Gy per session with a total of 25 Gy to the optic 
apparatus. Tumor margins are treated with a 6 
MV X-band photon source to a mean isodose line 
of 74.5 ± 6.6% (range 60–86%) with an average of 
191 ± 57 beams (range 99–283 beams) with one or 
more collimators. All patients are treated on con-
secutive weekdays until their radiosurgery is com-
pleted. After the completion of radiosurgery 
treatment, all patients undergo visual  fi eld testing 
(Fig.  24.1c, d ) and then gadolinium-enhanced 
MRI (Fig.  24.2d–e ) at 6 months and 1 year after 
treatment and annually thereafter. Endocrine 
 follow-up is at the discretion of the patient’s endo-
crinologist and can vary on the basis of the 
patient’s pretreatment endocrine status and the 
functional status of the adenoma. 

 In conclusion, our experience suggests that 
this dosing paradigm achieves satisfactory radio-
graphic and endocrinological tumor control for 
these challenging lesions while remaining below 
the threshold of radiation damage for the optic 
apparatus.      
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  Abstract 

 This chapter summarizes the well-known 
trigemino-cardiac re fl ex (TCR) that was  fi rst 
introduced into skull base surgery by the senior 
author. We present here the prognostic factors 
of this brainstem re fl ex by the example of the 
transcranial/transsphenoidal operations for 
pituitary adenomas. A retrospective study of 
all patients operated on a pituitary adenoma 
were evaluated between 2000 and 2006. 
Building two subgroups with and without 
intraoperative occurrence of the TCR, there 
was seen no difference in the patients charac-
teristics between these two subgroups. But we 
found a signi fi cant difference for loop diuretics 
and potassium-sparing diuretic favouring the 
TCR subgroup. In addition, there is also a 
signi fi cant difference for psychostimulans and 
morphine analogues. From the present point 
of knowledge it is not clear whether or not 

      Transsphenoidal/Transcranial 
Surgery of Pituitary Adenomas: 
Prognosis-Related Occurence 
for the Trigemino-Cardiac Re fl ex       

        Belachew   Arasho,       Toma   Spiriev,       Nora   Sandu,    
   Christoph   Nöthen,       Andreas   Filis,    
   Pooyan   Sadr-Eshkevari,       Hemanshu   Prabhakar,    
   Michael   Buchfelder,       and Bernhard   Schaller         

    B.   Arasho  
     Department of Neurology ,  University of Addis Ababa ,
  Addis Ababa ,  Ethiopia  

      T.   Spiriev  
     Department of Neurosurgery ,  Tokuda Hospital ,
    So fi a, Bulgaria    

    N.   Sandu  
     Department of Neurosurgery ,  University of Lausanne ,
  Lausanne ,  Switzerland    

    C.   Nöthen   •     A.   Filis   •     M.   Buchfelder  
     Department of Neurosurgery ,  University of Erlangen ,
  Erlangen ,  Germany  

Contents

Introduction ............................................................  238

Methodology ...........................................................  239
Patient Population ....................................................  239
Surgical Technique ...................................................  239
Anesthetic Technique ...............................................  239
Statistical Analysis ...................................................  239

Prognosis-Related Occurence 
of the Trigemino-Cardiac Reflex...........................  240

Discussion................................................................  241
Risk Factors for Occurrence 
of the Trigeminocardiac Reflex ................................  241
Management of the Trigeminocardiac Reflex ..........  242

References ...............................................................  243

      P.   Sadr-Eshkevari  
     Farzan Clinical Rsearch Institute ,   Tehran ,  Iran  

      H.   Prabhakar  
     Department of Neuroanaesthesiology ,  All India 
Institute of Medical Sciences ,   New Delhi ,  India  

      B.   Schaller   (*)
     Department of Neurosurgery ,  University of Oradea ,
  Oradea ,  Romania    
e-mail:  bernhardjschaller@gmail.com   



238 B. Arasho et al.

the risk pro fi le is at least dependent of the 
peripheral or central stimulation of the nerve 
and may therefore be changed for different 
skull base operations. So that the present risk 
factor are only valuable in operations for 
pituitary adenomas. The knowledge of the 
TCR is nowadays a MUST for every skull base 
surgeon and also for every physicians involved 
in the treatment of patients with skull base 
pathologies.      

   Introduction 

 Since the initial report of the trigemino-cardiac 
re fl ex (TCR) during tumor operations in the cer-
ebellopontine angle in 1999 (Schaller et al .  
 1999  ) , there have been many suggestions as to 
the exact neural mechanism. The TCR has also 
been reported to occur during skull base surgery 
in the region of the petrosal bone, of the falx as 
well as in microvascular decompression of the 
trigeminal nerve (Schaller  2005a,   b  ) . The physi-
ological function of this phylogenetic old re fl ex 
has not yet been fully understood (Schaller 
 2005a,   b  ) . The only electrophysiological studies 
that exist are those of extramedullary recorded 
medullary neurons during electrical stimulation 
of the trigeminal ethmoidal nerve (Golanov and 
Reis  1996  )  and are thus of limited value for the 
TCR initiated by central stimulation. Therefore, 
there is only a general, somewhat simpli fi ed 
de fi nition for TCR that is the sudden develop-
ment of cardiac dysrhythmia up to asystole and 
arterial hypotension after central or peripheral 
stimulation of any division of the trigeminal 
nerve (Schaller  2004  ) . Our initially introduced 
criteria of the occurrence of the TCR namely a 
simultaneous reduction of mean arterial blood 
pressure and heart rate of more than 20% of the 
baseline level after stimulation of any division 
of the trigeminal nerve is now generally accepted 
(Schaller et al.  1999  ) . Some authors, however, 
have discussed that the accepted criteria may 
exclude cases of a TCR where the drop of blood 
pressure and heart rate was not as prominent 
(Bohluli et al.  2011  ) . The anatomical basis of 
the TCR is the following: sensory nerve endings 
of the trigeminal nerve send neuronal signals 

via the Gasserian ganglion to the sensory nucleus 
of the trigeminal nerve, forming the afferent 
pathway of the re fl ex arc. This afferent pathway 
continues along the short internuncial nerve 
 fi bers in the reticular formation to connect with 
the efferent pathways in the motor nucleus of 
the vagus nerve. The vagus nerve provides 
parasympathetic innervations to the heart, vascular 
smooth muscles, and abdominal viscera. Vagal 
stimulation via these neural network after 
trigeminal nerve stimulation is thought to 
account for the re fl exive response (Schaller 
et al.  2006 ; Bohluli et al.  2010  ) . 

 The TCR underlines the essential role of the 
rostral medulla in the organization and integra-
tion of the cerebrovascular adjustment to hypoxia 
and/or cerebral ischemia (Schaller et al.  2006  ) . It 
appears that, to a large extent, the cerebrovascu-
lar response to hypoxemia is due to this re fl ex 
and is generated by an activation of the neurons 
of the rostral ventrolateral reticular nucleus. This 
observation is supported by the fact that a stimu-
lation of the rostral ventrolateral reticular nucleus, 
like by hypoxemia, causes elevated regional cere-
bral blood  fl ow without changing the cerebral 
metabolism (Underwood et al.  1992 ; Golanov 
and Reis  1994  )  and that bilateral lesions of the 
rostral ventrolateral reticular nucleus reduce, by 
up to 50%, the elevation of the cortical blood 
 fl ow elicited by hypoxemia, without affecting 
the cerebrovascular response by hypercapnia 
or impairing cerebrovascular autoregulation 
(Underwood et al.  1992 ; Golanov and Reis  1996  ) . 
Because the rostral ventrolateral reticular nucleus 
does not innervate the cerebral cortex (Ruggiero 
et al.  1989  ) , the intracerebral pathway mediating 
cortical vasodilation is indirect, and the  fi rst syn-
apse resides in the medullary vasodilator area, 
which is innervated directly from the rostral ven-
trolateral reticular nucleus (Golanov et al.  2000  ) . 
An excitation of the medullary vasodilator area 
elicits changes in the arterial blood pressure, 
regional cerebral blood  fl ow and EEG that are 
quantitatively identical to those evoked from the 
rostral ventrolateral reticular nucleus. Bilateral 
lesions of the medullar vasodilator area block 
the cerebrovascular and cortical responses to 
stimulation of the rostral ventrolateral reticular 
nucleus, as well as hypoxia-induced cerebral 
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vasodilatation. The vasodilatation effects of 
medullary vasodilator area excitation are relayed 
by the subthalamic nucleus to other areas of the 
brain resulting in redistribution of blood from the 
viscera to the brain (Golanov et al.  2001  ) . 

 It is generally accepted that various noxious 
stimuli given below the threshold of brain tissue 
damage are able to induce tolerance of the neu-
rons to deleterious stimuli like hypoxia. This 
modality is called “cross tolerance” (Golanov 
et al.  2001  )  and it probably involves many sepa-
rate neural networks (Schaller  2004  ) . The one 
which mediates a re fl exive neuroprotection ema-
nates from oxygen sensitive sympatho-excitatory 
reticulospinal neurons of the rostral ventrolateral 
medulla oblongata projecting via as yet-unde fi ned 
pathways to the upper brainstem and/or thalamus 
and  fi nally ending to a small population of neu-
rons in the cortex which appears to be dedicated 
to re fl exively transducing a neuronal signal into 
autoregulatory cerebrovascular vasodilatation as 
well as consecutive synchronization of cortical 
activity (Golanov et al.  2000  ) . 

 In the present work we show the occurrence 
and risk factors for TCR in operations for pitu-
itary adenomas. We have examined potential risk 
factors that may lead to the intraoperative occur-
rence of the TCR during transsphenoidal surgery.  

   Methodology 

   Patient Population 

 The trigemino-cardiac re fl ex was de fi ned as a 
drop in MABP and HR of more than 20% com-
pared with baseline values before the stimulus 
and coinciding with the manipulation of the 
trigeminal nerve (Filis et al.  2008  ) . Cessation of 
compression or traction of the trigeminal nerve 
would result in a spontaneous increase in HR 
and MABP to approximate baseline levels. The 
phenomenon had to recur when compression or 
traction was repeated. Only the data of the  fi rst 
occurrence of the re fl ex in each patient were 
used in the current study. Repetitive occurrence 
was only counted as once and the  fi rst time 
occurrence was recorded. 

 We retrospectively reviewed the case histories 
of 338 consecutive patients with the histological 
diagnosis of pituitary adenoma who were oper-
ated on by an experienced, world-class neurosur-
geon from January 2000 till December 2006 in 
the Department of Neurosurgery in Göttingen, 
Germany. These patients were divided into two 
subgroups on the basis of the occurrence or not of 
TCR during surgery.  

   Surgical Technique 

 All operations were performed in microsurgical 
technique via a transsphenoidal or transcranial 
approach as being described above.  

   Anesthetic Technique 

 The whole surgical procedure was performed 
under a standardized anesthetic protocol. Before 
surgery, patients fasted for atleast 6 h and were 
premedicated with oral midazolam the evening 
before surgery. Routine monitoring during 
surgery included ECG, measurement of blood 
pressure and end-tidal concentration of carbon 
dioxide, oxygen saturation in blood and pulse 
oximetry, and esophageal temperature. An 
indwelling radial artery catheter was inserted for 
continous monitoring of MABP and for obtain-
ing intermittend blood gas samples. All hemody-
namic variables were monitored continuously 
and recorded throughout the surgical procedure. 
General anesthesia was induced with propofol 
(2 mg kg −1 ) followed by sufentanyl (1 mg kg −1 ) 
and rocuronium (0.6 mg kg −1 ). Anesthesia was 
maintained with des fl urane; additional boluses of 
sufentanyl and atracurium were administered if 
necessary (Schaller et al.  1999  ) .  

   Statistical Analysis 

 Data were presented as percentage or mean with 
standard deviation. For categorical variables, the 
Fisher-exact test was used while the continuous 
variables were compared using the two sample 
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 t -test or the Mann–Whitney  U  test. The level of 
signi fi cance was set at p < 0.05.   

   Prognosis-Related Occurence 
of the Trigemino-Cardiac Re fl ex 

 In the present retrospective study, 338 consecu-
tive patients who underwent a transsphenoidal or 
transcranial operation for pituitary adenoma 
resection were selected. In 19 patients (6%) TCR 
was observed. These patients were, therefore, 
subdivided into the TCR subgroup. The remaining 
319 patients (94%), in whom the TCR was not 
observed during transsphenoidal/ transcranial 
operation for pituitary adenoma concluded the 
non-TCR subgroup. 

 The patient characteristics of the two groups are 
summarized in Table  25.1 . Patients were compara-
ble for gender, age, tumor diameter, BMI and type 
of surgery in the two study subgroups. In addition, 
preoperative administration of drugs such as 
 b -blockers that affect the autonomic nervous system, 
or pre-existing cardiovascular diseases, showed no 
signi fi cant differences between the subgroups.  

 During the operation, anticholinergic treat-
ment was administered in ten patients (52.6%) 
of TCR subgroup and in 19 patients (6.0%) of 
non-TCR subgroup. 

 In Table  25.2 , we have shown the preoperative 
chronic intake of antihypertensive treatment. 

There is a signi fi cant difference between the two 
subgroups for loop diuretic and Potassium-
sparing diuretic intake. Regarding the preoperative 
intake of ACE-Inhibitors, there can be found a 
statistically non-signi fi cant tendency.  

 Table  25.3  shows the association between the 
pre-operative intake of (psycho) stimulants and 

   Table 25.1    Patient characteristics of both subgroups   

 Parameter  TCR (n = 19)  Non-TCR (n = 319)   p -value 

 Gender (male:female ratio)  12:7  178:141  0.53 
 Mean age (years)  51 (range: 23−79)  48 (range: 14−81) 
 Tumor diameter (mm)  19  16  0.13 
 BMI (kg m −2 )  27.9  27.5  0.76 
  Type of surgery  

 Trans-sphenoidal  6 (31.6%)  72 (22.6%)  0.4 
 Transcranial  1 (5.3%)  25 (7.8%)  1 
  Preoperative administration of drugs  

  b -blockers  1 (5.3%)  19 (6%)  0.19 

  Pre - existing cardiovascular diseases  

 Arrhythmia  0  8 (2.5%)  0.48 
 Ischemic heart disease  4 (21.1%)  37 (11.6%)  0.22 

   TCR  trigeminocardiac re fl ex  

   Table 25.2    Antihypertensive treatment as risk factor for 
the trigemino-cardiac re fl ex   

 TCR (n = 19) 
 Non-TCR 
(n = 319)   p  value 

 ACE-inhibitor  5 (26%)  39 (12%)  > 0.05 
 Loop diuretic  4 (21%)  8 (3%)  0.00002 

  b -blocker  1 (5%)  53 (17%)  > 0.05 

 Calcium channel
 blocker 

 2 (11%)  22 (7%)  > 0.05 

 Potassium-sparing
 diuretic 

 1 (5%)  4 (2%)  0.03633 

   TCR  trigeminocardiac re fl ex,  ACE  angiotensin-converting 
enzyme  

   Table 25.3    Psychostimulans and morphine analogues as 
risk factor for the trigemino-cardiac re fl ex   

 TCR (n = 19) 
 Non-TCR 
(n = 319)   p  value 

 Xanthine/caffeine  1 (5%)  0 (0%)  0.00004 
 Morphine 
analogue/codeine 

 1 (5%)  1 (0%)  0.00628 

   TCR  trigeminocardiac re fl ex  
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morphine analogues and the occurrence of TCR. 
For both classes of substances there is a statisti-
cally signi fi cant difference.   

   Discussion 

 It has been demonstrated that the TCR may 
occur with manipulation of any of the branches 
of the trigeminal nerve anywhere along its 
(intracranial and extracranial) course (Schaller 
et al.  2009 ). The oculocardiac re fl ex (OCR), 
which is a subvariant of the TCR, and studied 
far earlier, was said to occur in up to 67% of the 
patients operated for strabismus (Apt et al. 
 1973  ) , but a lot of authors only studied the heart 
rate and a reduction in heart rate by 10% or more 
was taken as a positive OCR, so that the real 
incidence may be substantially smaller. The 
authors have the opinion that the OCR incidence 
has only a little higher than that one of the TCR. 
This higher incidence may be only re fl ected to 
the fact that there are mainly children that we 
operated for strabismus and that are more prone 
to the occurrence of TCR/OCR than adults. In 
contrast to the studies on OCR, Schaller et al. 
 (  1999  )  took into consideration the heart rate and 
blood pressure de fi ning TCR as heart rate less 
than 60 beats per minute and mean arterial blood 
pressure (MABP) 20% lower than the baseline 
after the re fl ex would be elicited. 

 TCR was also reported during transsphenoidal 
surgery for pituitary adenoma (Starr et al.  1986 ; 
Shend e  et al.  2000 ; Schaller et al.  2008a,   b  ) . 
Among 117 patients who underwent transs-
phenoidal surgery for pituitary adenoma, 10% 
developed a TCR during the surgical procedure 
(Shende et al.  2000  ) . Peripheral stimulation of 
the naso-pharynx may also lead to the occurrence 
of TCR (Schaller et al.  2008a  ) . 

   Risk Factors for Occurrence 
of the Trigeminocardiac Re fl ex 

 As there is a lack of detailed knowledge of the 
physiology of the TCR and since we cannot pre-
vent the occurrence TCR (though)    recently some 

authors have published reports of reducing its 
occurrence rate by deep anesthesia of the trigemi-
nal nerve branches (Bohluli et al.  2011  ) , it is 
important to identify possible risk factors. The 
risk factors already known to increase the inci-
dence of TCR include: (1) hypercapnia; (2) 
hypoxemia; (3) “super fi cial” general anesthesia; 
(4) age (more pronounced in children); (5) the 
nature of the provoking stimulus (strength and 
duration of the stimulus); and (6) drugs. Drugs 
known to increase the TCR include: (1) potent 
narcotic agents (sufentanil and alfentanil) 
(Hunsley et al.  1982 ; Blanc  1991  ) ; (2) beta-block-
ers; and (3) calcium channel blockers (Mirakhur 
et al.  1982  ) . In addition to beta-blockers and cal-
cium channel blockers in other skull base surger-
ies for vestibular schwannomas (Schaller et al. 
 1999  ) , the present study also showed that other 
anti-hypertensive agents like diuretics (both loop 
and potassium sparing) and angiotensin convert-
ing inhibitors may also be potential risk factors 
for the occurrence of the TCR. Narcotics may 
augment vagal tone through their inhibitory action 
on the sympathetic nervous system (Schaller et al. 
 1999,   2007a,   b,   2008a ; Prabhakar et al.  2008  ) . 
Beta-blockers reduce the sympathetic response of 
the heart and by so doing, augment the vagal car-
diac response resulting in bradycardia. Calcium 
channel blockers result in peripheral arterial 
smooth muscle relaxation and vasodilatation 
causing reduction in blood pressure. This may 
worsen the vagal output and oppose any re fl ex-
mediated sympathetic stimulation resulting 
from reducing the blood pressure, also during 
intraoperative manipulations on the trigeminal 
nerve (Lang et al.  1991 ; Schaller and Buchfelder 
 2006  ) . The individual calcium channel blockers 
have different relative potencies on various 
cardiovascular functions what may explain the 
inconsistency of these  fi ndings in different studies. 
From the present point of knowledge, it is not 
clear if there exist a speci fi c risk pro fi le for tran-
scranial/transsphenoidal surgery for pituitary 
adenomas, or the risk pro fi le seems to be the same 
for all skull base operations. According to the 
present (preliminary) work, it seems that the 
risk pro fi le may change for different surgical 
approaches to the skull base.  
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   Management of the 
Trigeminocardiac Re fl ex 

 There has been a lot of discussion about the best 
and more effective treatment for TCR. It is 
beyond the scope of this manuscript to discuss all 
these issues. Without any doubt, application of 
atropine is an effective, but only symptomatic 
treatment. However it is more important for 
the doctor to recognize and minimize potential 
predisposing factors of the TCR. 

 According to the clinical experience on this 
topic, the management of patients with TCR can 
be classi fi ed into the following categories:
    1.    Risk factor identi fi cation and modi fi cation  
    2.    Prophylactic treatment with either vagolytic 

agents or peripheral nerve blocks in case of 
peripheral manipulations of the trigeminal 
nerve (Bohluli et al.  2010  ) .  

    3.    Careful cardiovascular monitoring during 
anesthesia especially in those with risk factors 
for TCR.  

    4.    Treatment of the condition when it occurs:    
   i.  Cessation of the manipulation until normal 

sinus rhythm returns  
  ii. Further administration of vagolytic agents    
 The risk of TCR should be considered in any 

neurosurgical intervention, especially at the skull 
base. If working in the vicinity of the nerve or its 
branches, the anesthesiologist should be noti fi ed by 
the surgeon. Continuous intraoperative monitoring 
of hemodynamic parameters has been shown to allow 
the surgeon to interrupt surgical maneuvers imme-
diately upon the occurrence of TCR. Following this 
strategy, an uneventful further intraoperative and 
postoperative course may be achieved. 

 If there is no contraindication to intravenous 
anticholinergics, atropine and/or glycopyrrolate 
IV may be used to partially prevent a TCR (Blanc 
 1991  ) . Hunsley et al.  (  1982  )  evaluated the 
ef fi cacy of IV atropine and glycopyrrolate in the 
prevention of the OCR in children operated for 
strabismus. They tested different doses of the two 
drugs, glycopyrrolate 5 and 7.5  m g kg −1  and atro-
pine 10 and 15  m g kg −1 . Overall, there is a reduc-
tion in the rate of bradycardia from 23.8 to 33.3%. 
But, they noticed that even higher doses of the 
two drugs, atropine 15 mcg kg −1  and glycopyrrolate 

7.5  m g kg −1  IV, given 5 min before induction of 
anesthesia, are not suf fi cient to protect com-
pletely against the OCR in children. In a control 
study, Mirakhur et al.  (  1982  ) , evaluated the 
ef fi cacy of IV or IM vagolytic agents (atropine 
and glycopyrrolate) in children undergoing squint 
surgery, and found out that the administration of 
the anticholinergic agents in either the IV or the 
IM form may decrease the occurrence of the 
OCR. The overall frequency was approximately 
40% (62 of 160 patients), but was 90% in those 
patients who did not receive anticholinergic 
drugs. The authors concluded that the administra-
tion of anticholinergic drugs, even through the 
IM route, is associated with decreased frequency 
of the OCR with glycopyrrolate 10  m g kg −1  being 
the most ef fi cacious by this route. 

 Intramuscular administration of anticholin-
ergics has shown to be ineffective in preventing 
the TCR (Prabhakar et al.  2006 ; Schaller et al. 
 2008b  ) . The use of atropine is, nowadays, ques-
tioned because cholinergic blockage reduces but 
does not totally prevent either bradycardia or 
hypotension in animals (Schaller et al.  2007b  ) . 
Another reason is that, a trigeminal depressor 
response includes both activation of vagal cardio-
inhibitory  fi bers and inhibition of adrenergic 
vasoconstriction as demonstrated after electrical 
stimulation of the spinal trigeminal tract and 
trigeminal nuclear complex. In addition, atropine 
may cause serious cardiac arrhythmias itself, 
especially when halothane is the primary anes-
thetic agent and hence the dose must be carefully 
chosen (Parabhakar et al.  2008  ) . Prabhakar et al. 
 (  2008  )  reported a 48 year-old female who devel-
oped severe bradycardia and hypotension during 
craniotomy for parietal convexity meningioma; 
she was unresponsive to atropine and successfully 
managed with epinephrine. Adrenaline causes 
vasoconstriction via bonding to a  

1
 -adrenergic 

receptor, thus increasing peripheral resistance. On 
the other hand, adrenaline mediates through the 
 b  

1
 -adrenergic receptor an increase in heart rate 

and cardiac output. This important case report 
underscores the fact that TCR may be refractory 
to atropine and other vagolytics and may rather 
need to be managed with epinephrine. This  fi nding 
is supported by the fact that atropine blocks 
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only muscarinic acetylcholine receptors being 
the main but not the only neurotransmitter system 
used by the parasympathetic nervous system.       
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  Abstract 

 Spinal extradural meningiomas are rare. They 
can be mistaken for the more common etiolo-
gies in this location like metastases or lympho-
mas. An initial approach could involve biopsy 
to obtain a diagnosis. Symptomatic tumors 
should be operated on. The goal of surgery is 
to decompress the spinal cord and/or the spinal 
nerves. Complete resection may not be achiev-
able especially in the cervical spine due to 
proximity to the vertebral artery.      

   Introduction 

 Spinal meningiomas represent 10% of menin-
giomas and 30% of intraspinal tumors. It has 
been reported by Vargas et al.  (  2004  )  that 90% of 
cases occur in women older than 40 years. They 
occur most commonly in the thoracic spine 
(70%), less frequently in the cervical spine (25%), 
and more rarely in the lumbar spine (5%). The 
intradural location is the rule. Pure extradural 
meningiomas represent ~3.5% of spinal menin-
giomas, while combined intra- and extradural 
tumors occur in 4%. Calogero and Moosy  (  1972  )  
reviewed the literature and found that extradural 
meningiomas had no signi fi cant gender prefer-
ence, occurred in younger patients, including 
children. They are typically psammomatous. 
Nicolas et al.  (  2007  )  illustrated that cells may 
have a plasmacytoid appearance, making the 
diagnosis dif fi cult especially with a small specimen 
of  fi ne needle aspiration.  
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   Case Illustration 

 A 45-year-old female presented with left cervical 
radiculopathy and neck discomfort persisting for 
8 months and progressively worsening. The patient 
had a remote history of a low-speed motor vehicle 
collision. On physical exam, the patient had full 
muscle strength bilaterally except for mild weak-
ness (4+/5) of the intrinsic hand muscles bilater-
ally and the left triceps. There was no evidence of 
sensory de fi cits, abnormal re fl exes, or long tract 
signs. A cervical magnetic resonance image (MRI) 
revealed an extradural mass at C5-C7. The mass 
was situated on the left side of the spinal canal and 

exited through the neural foramina resulting in 
signi fi cant spinal cord compression (Fig.  26.1 ). 
The lesion was hyperintense T2-weighted images. 
MRI of the central nervous system revealed no other 
lesions. Additionally, computerized tomography 
of the cervical spine revealed left neuroforaminal 
widening at C6-C7. A full metastatic evaluation 
with CT of the chest, abdomen and pelvis revealed 
no evidence of additional lesions.  

 Due to the severe cord compression and pro-
gressive symptoms a decompression and open 
biopsy was performed through a left C6-C7 
laminectomy and foraminotomy. Pathological exam-
ination revealed a psammomatous meningioma. 

  Fig. 26.1    Preoperative MRI, ( a ) Sagittal T1 with con-
trast, ( b ) Axial T1 with contrast, ( c ) Axial T2, showing 
extradural mass extending through the left foramina, 

isointense with the cord, and enhancing with contrast 
( a  and  b ) (Reproduced with permission from Frank et al. 
 2008  )        
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A more aggressive surgical resection was per-
formed 2 weeks later via a C5-C7 laminectomy 
and instrumented fusion with left-sided C5-T1 
foraminotomies (Fig.  26.2 ). The extradural men-
ingioma engulfed the vertebral artery and prohib-
ited gross total resection. The patient’s post-operative 
course was uneventful and her neurologic exami-
nation progressively returned to normal. The 
patient was followed with serial MRI every 
3 months. At the most recent follow-up visit, she 
had no evidence of recurrence and did not report 
any symptoms.   

   Embryology 

 The developing embryo is characterized by three 
germ layers, which give rise to the various special-
ized systems of the body. These are the ectoderm, 
the mesoderm, and the endoderm. The ectoderm 
forms the nervous system as well as the epidermis 
with all of its sensory receptors. The mesoderm 
gives rise to connective tissue as well as the skel-
etal, muscular, circulatory, and urogenital systems 
and glands. From the endoderm arise the digestive 
and respiratory epithelia. 

 As the embryo develops, coverings called 
the meninges (of mesodermal origin) develop 
along with it and completely enclose the brain 
and spinal cord. The meninges separate the 
brain and spinal cord from the bony surface 
lining of the cranium and vertebral canal. In 
the early embryo, the neural tube is enveloped by 
a mesenchymal layer. Mesenchyme is a type of 
undifferentiated loose connective tissue that is 
derived mostly from mesoderm, but also from 
other germ layers like the neural crest cells that 
originate from ectoderm. Most embryologists 
use the term mesenchyme only for those cells 
that develop from mesoderm. The mesenchy-
mal layer will differentiate during development 
to form two different layers: the  pachymenin-
ges , or dura mater, and the  leptomeninges , 
comprising the arachnoid and the pia mater. 
The leptomeninges may contain both mesoder-
mal and neural crest cells, while the pachyme-
ninges are of mesodermal composition only. 

 There are anatomic and embryologic differ-
ences between the meningeal coverings of the 
brain and the spinal cord. According to 
O’Rahilly and Muller  (  1986  ) , the encephalic 
meninges originate from both the mesodermal 

  Fig. 26.2    Intraoperative view after tumor resection showing adequate decompression of the spinal cord and nerve roots 
on the  left side  after wide foraminotomies       
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and the encephalic neural crest, while the 
meninges of the spine and caudal regions of the 
head are of mesodermal origin only. This double 
origin of the meninges is similar to axial skeletal 
structures in which the spinal column and 
occipital bone are derived from the paraxial 
mesoderm, whereas the rest of the cranial vault 
is developed from neural crest-derived and 
mesodermal cells (Jiang et al.  2002  ) . In the cra-
nium the dura mater has two layers surrounding 
the brain: an inner, meningeal layer and the 
outer, periosteal layer. In the spine there is a 
single dural layer, the spinal dura mater, which 
is in fact a continuation of the meningeal layer 
in the brain; the outer layer is represented by 
the periosteum lining the vertebral canal. 

 Buetow et al.  (  1991  )  showed that meningiomas 
are tumors originating from the arachnoid “cap” 
cells of the arachnoid granulations in the menin-
ges. Arachnoid granulations are small protrusions 
of the arachnoid into the dura mater. Sometimes, 
these granulations can traverse the entire width of 
the dura mater, and allow CSF to exit the brain 
and spinal cord. Since the location of the arach-
noid layer is intradural extramedullary, most 
meningiomas occur in this location. In the spine, 
they typically arise in proximity of the dorsal 
nerve root, which explains their common poster-
olateral location.  

   Clinical Presentation 

 According to Frank et al.  (  2008  ) , a history of 
trauma frequently precedes presentation. Depending 
on their location, spinal extradural meningiomas 
can present with pain, radiculopathy, myelopathy, 
or myeloradiculopathy. Local pain could be from 
direct mass effect of the meningioma and pressure 
on the dural sac or surrounding bony structures. 
Pain is more typically nocturnal. Radiculopathy 
arises from direct compression of the nerve root 
and could manifest as radicular pain, tingling, 
numbness, loss of sensation, or less frequently 
focal weakness. Myelopathy results from mass 
effect on the spinal cord, and could present with 
decreased dexterity, stiffness, or loss of balance. 
Examination can reveal weakness, hyper-re fl exia, 

clonus, Babinski’s sign, decreased sensation espe-
cially proprioception.  

   Imaging 

 The differential diagnosis of spinal extradural 
masses includes schwannomas, neuro fi bromas, 
metastases, lymphomas, meningiomas, chordomas, 
neuroblastomas, ganglioneuroblastomas, sarcomas, 
synovial cysts, infections, and hematomas. Wang 
et al.  (  1988  )  demonstrated the appearance of menin-
giomas on computed tomography (CT) as hyper-
dense lesions with enlargement of the neuroforamen, 
and possible calci fi cations. Santiago et al.  (  2009  )  
described the magnetic resonance imaging (MRI) 
 fi ndings of meningiomas as isointense to the spinal 
cord on both T1 and T2-weighted images with 
intense and homogeneous contrast enhancement. 
Schwannomas are hypointense on T1, hyperintense 
on T2, with intense heterogeneous contrast enhance-
ment, sometimes with necrotic or cystic compo-
nents. Lymphomas are hypointense on T2 in >50% 
of cases. Myelogram and CT-myelogram are rarely 
needed if MRI is available.  

   Treatment 

 Treatment is primarily surgical. A Simpson grade 
I resection (Simpson  1957  )  is usually dif fi cult, 
since resection of the dura at the nerve root sleeve 
would make it very dif fi cult to obtain a water-
tight reconstruction. If possible, gross total resec-
tion should be attempted. However, in the cervical 
spine the tumor can come in close proximity to or 
even enchase the vertebral artery which renders 
complete resection a high risk for its injury. 
Subtotal resection with adequate decompression 
of the neural elements is a reasonable goal of the 
surgery. Residual tumor could be observed with 
serial imaging. Radiation can be used if residual 
tumor demonstrates regrowth. 

 The need for spinal instrumentation depends 
on the amount of facet resection needed, and the 
potential instability. 

 In conclusion, spinal extradural meningiomas 
should be considered in the differential diagnosis of 
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extradural masses. Symptoms may involve myelopathy 
and/or radiculopathy. Treatment primarily involves 
surgical resection with potential need for instrumented 
fusion. Residual tumor could be observed with serial 
imaging. Prognosis is generally good.      
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  Abstract 

 Ganglioglioma of the spinal cord is a rare 
tumor that affects predominately the pediatric 
population. This type of intramedullary spinal 
cord neoplasm is generally considered benign, 
corresponding to WHO grade II. Common 
presenting symptoms include pain, neuro-
logic de fi cits, and spinal deformity. Because 
of the indolent clinical course, risk of recur-
rence, and relative ineffectiveness of addi-
tional treatment modalities, early diagnosis 
with imaging as well as early surgical inter-
vention are highly recommended. Complete, 
or near complete, resection usually results in 
long-term progression-free survival, and 
improvement of neurological status is achiev-
able despite aggressive surgery. Improved 
microsurgical techniques, preoperative plan-
ning with MRI, and intraoperative neurophys-
iological monitoring have made a signi fi cant 
impact on the management of all spinal cord 
tumors including gangliogliomas.      

   Introduction 

 Although tumors arising from the spinal cord 
comprise a small subset of central nervous sys-
tem (CNS) tumors affecting children, they are 
particularly threatening because of the densely 
packed neuronal networks and  fi ber tracts within 
the spinal cord. Management of these slow grow-
ing spinal cord tumors remains controversial. 
According to the expanding literature, most of 
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these intrinsic tumors can and should be treated 
with microsurgical resection; whereas, adjunc-
tive therapies are reserved for selected cases of 
high-grade tumors and recurrences. 

 The history of intrinsic spinal cord surgery 
begins in Vienna. von Eiselsberg and Marburg 
 (  1917  )  performed the  fi rst successful resection of 
an intramedullary tumor in 1907. However, the 
 fi rst publication of such a surgery appeared in 
New York when Elsberg and Beer  (  1911  )  
described a two-stage operation: a myelotomy 
followed by a more extensive resection. In subse-
quent decades, neurosurgeons were reluctant to 
attempt such radical procedures. The neurologi-
cal risk of resecting intramedullary neoplasms 
was considered unacceptably high, which even-
tually led to the development of more conserva-
tive treatment options including biopsy, dural 
decompression, and radiation therapy regardless 
of the histological diagnosis (Wood et al.  1954  ) . 

 The microscope and microsurgery completely 
revolutionized neurosurgery, allowing surgical 
resection of intramedullary tumors as a manage-
ment strategy superior to the biopsy-radiation 
approach. In addition, magnetic resonance imag-
ing (MRI) dramatically improved visualization 
of the spinal cord anatomy. Preoperative planning 
and postoperative follow-up became crucial com-
ponents of patient care. Gradually the conserva-
tive treatment concept evolved into an aggressive 
surgical strategy. Since most intramedullary tumors 
are low-grade, complete, or even near complete, 
surgical resection appears to result in long-term 
progression-free survival with acceptable neu-
rological morbidity (Constantini et al.  2000  ) . 
After MRI dramatically improved the anatomi-
cal understanding of the surgical pathology, intra-
operative neurophysiological monitoring emerged 
as the supreme method of assessing the func-
tional integrity of the spinal cord pathways dur-
ing surgery and also during postoperative 
neurological recovery. 

 Despite these advances in the surgical man-
agement of intramedullary tumors, differences of 
opinion still exist regarding optimal individual-
ized treatment. The chemotherapeutic agents 
used for CNS tumors have not been widely used 
to treat intramedullary neoplasms. Only the 

higher-grade glial tumors have been treated with 
combination therapies that include chemotherapy 
(Allen et al.  1998  ) . For the low-grade tumors, the 
ef fi cacy of medical therapy remains unknown. 
Given the recent advances in chemotherapy for 
malignant gliomas of the brain, development of 
chemotherapeutic agents for spinal cord neo-
plasms is highly plausible in the future. 
Unfortunately, at this time, patients diagnosed 
with malignant intramedullary tumors are still 
confronted with a poor prognosis.  

   Epidemiology and Pathology 

 Intrinsic tumors of the spinal cord are rare. 
Gangliogliomas comprise 1.1% of intramedul-
lary spinal cord tumors (Lee and Glasauer  1968  ) . 
However, some report an incidence as high as 
14%, which designates ganglioglioma the second 
most common intramedullary tumor after astro-
cytoma under the age of 10 (Constantini et al. 
 1996  ) . The incidence declines with age, and only 
a few cases have been reported beyond the fourth 
decade of life (Hamburger et al.  1997  ) . Males and 
females appear to be equally affected by intramed-
ullary spinal cord lesions, but male preference 
has been noted with brain lesions (Lantos et al. 
 1997  ) . No speci fi c ethnic prevalence has been 
identi fi ed (Lantos et al.  1997  ) . In addition, gan-
gliogliomas are not known to be associated with 
any speci fi c phakomatoses or inheritable diseases 
(Lantos et al.  1997  ) ; however, there are cases of 
concomitant type I neuro fi bromatosis as well as 
occult spinal dysraphism (Park et al.  2000  ) . 

 Many studies have evaluated prognostic  factors 
associated with functional outcome after surgical 
resection of intramedullary spinal cord tumors in 
adults (Jallo et al.  2001 ; Sandalcioglu et al.  2005 ; 
Shrivastava et al.  2005  ) . On the other hand, stud-
ies in the pediatric population are sparse. 
Intramedullary spinal cord tumors in pediatric 
patients are histologically different from those 
affecting adults. The most common intramedullary 
tumors in children are in fi ltrating astrocytomas as 
opposed to adults who more commonly develop 
intramedullary ependymomas (Shrivastava et al. 
 2005 ; Rodewald et al.  1987 ; Constantini et al.  1996  ) . 
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Furthermore, most spinal cord tumors in children 
are benign, either pilocytic or, less frequently, 
 fi brillary astrocytomas (Constantini et al.  1996  ) . 

 Gangliogliomas are histologically low-grade 
tumors with well-differentiated neuronal and 
astrocytic cells (Miller et al.  1990  ) . The neoplas-
tic neurons are large and relatively mature. 
Characteristic features include population of 
large ganglion cells with larger but paler nuclei 
than astrocytes, neurons atypical for perineuronal 
satellitosis or arranged in normal architecture, as 
well as  fi brosis or desmoplasia in the background 
(Miller et al.  1990  ) . Although the histopathologi-
cal diagnosis may be limited by sampling, exten-
sive research has yielded an antibody marker for 
synaptophysin, a synaptic vesicle membrane gly-
coprotein, which is sensitive and speci fi c for neo-
plastic neurons (Miller et al.  1990  ) .  

   Clinical Presentation 

 Intramedullary gangliogliomas often grow slowly, 
following an indolent course; however, some cli-
nicians assert that gangliogliomas can behave 
aggressively (Lang et al.  1993  ) . The overall 
potential for malignant transformation of spinal 

cord gangliogliomas cannot be determined, as 
the literature only provides  fi ve cases of malig-
nant gangliogliomas (Hamburger et al.  1997 ; 
Henry et al.  1978  ) . The risk is 10% for intracra-
nial gangliogliomas, mostly within the glial 
component, but unclear for spinal cord ganglio-
gliomas (Rodewald et al.  1987  ) . In comparison 
to the mature adult spine, the pediatric spine is 
more susceptible to postoperative deformity due 
to the lax ligamentous structures, relatively hori-
zontal orientation of the facet complexes, and 
dynamic development of the immature spine 
(Rodewald et al.  1987  ) . Spinal cord ganglio-
gliomas have predilections for a cervical loca-
tion (Fig.  27.1 ), although they have been reported 
in all regions of the spinal cord (Satyarthee et al. 
 2003  ) . Additionally, they often involve more 
than eight segments of the spinal cord (Fig.  27.2 ), 
typically a greater length than astrocytomas and 
ependymomas (Lot fi nia and Vahedi  2008  ) . There 
are even reports of gangliogliomas involving the 
entire length of the spinal cord (Albright and 
Byrd  1980  ) .   

 Intramedullary spinal cord tumors may grow 
considerably before causing clinical symptoms, 
which are often non-speci fi c. Neck and back 
pain, a common presenting symptom, is usually 

  Fig. 27.1    T1-weighted MRI of cervical spinal cord 
ganglioglioma, sagittal ( left ) and coronal ( right ) views: 
Although spinal cord gangliogliomas have been reported 

in all regions of the spinal cord, they frequently involve 
the cervical location and span multiple segments       
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diffuse rather than radicular and most prominent 
in the horizontal position (Constantini et al. 
 1996  ) . Young children may present with diffuse 
abdominal pain, motor de fi cits, motor regres-
sion (i.e. regressing from walking to crawling), 
or gait abnormalities (Constantini et al.  1996  ) . 
Adolescent patients may present with lower-
extremity weakness, clumsiness, or frequent 
falls (Constantini et al.  2000  ) . Moreover, 20% 
of children with spinal cord tumors present with 
torticollis (Kiwak et al.  1983  ) . In contrast, adults 
typically present with sensory de fi cits including 
dysesthesia, numbness in extremity, and myel-
opathy (Jallo et al.  2001 ; Shrivastava et al. 
 2005  ) . Upon examination, most patients exhibit 
mild-moderate motor de fi cits as well as upper 
motor neuron  fi ndings, including increased 
muscle tone, spasticity, hyper-re fl exia, and clo-
nus. At least one third of patients have a spinal 
deformity, most with tumors in the thoracic 

region (Epstein and Farmer  1990  ) . Furthermore, 
scoliosis tends to coincide with cystic tumors 
(Epstein and Farmer  1990  ) . Sphincter dys-
function usually occurs late in the clinical 
course unless the tumor involves the conus 
medullaris, in which case such a de fi cit occurs 
more frequently and appears earlier (Constantini 
et al.  2000  ) . In addition, as many as 15% of 
patients with intramedullary tumors present 
with hydrocephalus (Rifkinson-Mann et al. 
 1990  ) . Hydrocephalus is frequently associated 
with malignant tumors and with cervical tumors 
(Kothbauer  2007  ) . 

 The McCormick scale is often used for preop-
erative and postoperative clinical assessment of 
neurologic function in patients with intramedul-
lary spinal cord tumors. In addition, the Nurick 
grade system may be useful for classifying the 
severity of any associated myelopathy (Park et al. 
 2000  ) . The American Spinal Injury Association 
(ASIA) scale may also be used but is limited in 
younger children.  

   Diagnosis 

 Radiological features of intramedullary spinal 
cord ganglioglioma are usually non-speci fi c, 
without any characteristic appearance that clearly 
differentiates them from other intramedullary 
lesions. MRI is the study of choice to assess 
the characteristics of spinal cord tumors. On 
T1-weighted MRI, hyper-intense, hypo-intense, 
or even irregular signals may be observed 
(Fig.  27.3 ). T2-weighted imaging usually dem-
onstrates hyper-intense signals. Following 
administration of gadolinium (DTPA) contrast, 
enhancement is frequently observed; however, 
gangliogliomas enhance less frequently than 
ependymomas, and the enhancement tends to be 
heterogeneous (Lang et al.  1993  ) .  

 If an MRI cannot be obtained (i.e. due to metallic 
implants) or is dif fi cult to interpret, myelography 
with water-soluble contrast and computed tomog-
raphy may be used (Lang et al.  1993  ) . Spinal 
X-rays should be used for patients with scoliosis, 
to establish baseline and follow-up manage-
ment of the spinal deformity (Kothbauer  2007  ) . 

  Fig. 27.2    T1-weighted MRI of spinal cord ganglio-
glioma, sagittal view: More than eight segments of the 
spinal cord are often involved, sometimes spanning the 
entire length of the spinal cord. Spinal cord ganglio-
gliomas typically extend a greater length than astrocy-
tomas and ependymomas       
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Factors that contribute to a diagnosis include 
holospinal involvement, scoliosis with bone 
remodeling, mixed intensity on T1 imagining, 
associated cysts or syrinx, absence of edema and 
enhancement within the tumor center, hemosid-
erin or calci fi cation, as well as young age 
(Kothbauer  2007  ) .  

   Surgical Management 

 As the majority of intramedullary spinal cord tumors 
are low-grade glial tumors, these tumors can be sur-
gically resected with minimal morbidity and favor-
able oncologic outcome (Ulutin et al.  2002  ) . There 
are three indications for surgical treatment of any 
newly diagnosed intramedullary tumor: to con fi rm 
histological diagnosis, to apply the most effective 
oncologic treatment, and to prevent long-term neu-
rologic dysfunction (Constantini et al.  1996  ) . 

 Surgery is performed with the patient lying in 
a prone position. A rigid head-holder (Sugita or 
May fi eld) is required for cervical and cervicotho-
racic tumors to secure the head in a neutral posi-
tion. A set of specialized surgical instruments are 
used to minimize trauma to normal neural tissue. 
Microsurgical resection of spinal cord tumors 
usually incorporates the application of the 
Cavitron ultrasonic aspirator (CUSA) system. 
It uses high-frequency sound waves to fragment 
the tumor tissue, which is then aspirated by the 
 suction apparatus. This device allows a much 

easier and quicker removal of bulks of tumor with 
less manipulation of the adjacent neural tissue 
relative to the suction-cautery technique. In addi-
tion, the laser is a useful tool to perform the 
myelotomy, demarcate the glial-tumor interface, 
and remove residual tumor fragments. 

 A laminectomy or osteoplastic laminotomy 
(Raimondi et al.  1976  )  is performed with a high-
power drill using the craniotome attachment, 
round burr, and rongeurs. The bone removal must 
expose the solid tumor (Fig.  27.4 ) but not neces-
sarily the rostral or caudal cysts. The cysts tend to 
disappear after tumor resection since the cyst 
walls usually contain non-neoplastic glial tissue 
(Kothbauer  2007  ) . In addition, intraoperative 
sonography allows visualization of the full extent 
of the spinal cord tumor and its relation to the 
bone removal, as well as cysts and associated 
cord displacement (Taniguchi et al.  1993  ) .  

 The dura is opened in the midline. The spinal 
cord is frequently expanded and sometimes rotated 
or distorted, which may make identi fi cation of the 
midline raphe dif fi cult. On the other hand, localiza-
tion of the midline raphe is a crucial step in enter-
ing the spinal cord. Alternatively, for asymmetrical 
tumors, the spinal cord can be reached through the 
dorsal root entry zone (Kothbauer  2007  ) . 

 Intraoperatively, gangliogliomas have a gray-
yellow glassy appearance. They are removed in 
an inside-out fashion until the glial-tumor inter-
face is recognized by the change in color and 
consistency of the tissue. Because there is no dis-
tinct plane between tumor and normal spinal 
cord, the resection is usually started in the mid-
portion rather than at the poles. Following tumor 
removal, hemostasis is maintained, and the dura 
is closed primarily in a watertight fashion. If an 
osteoplastic laminotomy was performed, the 
bone segments are replaced and secured with 
non-absorbable sutures bilaterally. The muscle 
and fascial closures must not be under tension. 
A subcutaneous drain may be placed in a large 
incision, a reoperation, or a patient with prior 
radiation therapy. History of previous surgery or 
radiation is associated with a higher risk of wound 
dehiscence and cerebrospinal  fl uid leakage. 

 There are only few studies concerning the 
management of spinal cord gangliogliomas. 

  Fig. 27.3    T1-weighted MRI of spinal cord ganglio-
glioma, axial view: MRI is the study of choice to assess 
the characteristics of spinal cord tumors, though the radio-
logical features are usually non-speci fi c. T1-weighted 
MRI may demonstrate hyper-intense, hypo-intense, or 
even irregular signals       
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Surgical resection has been the recommended 
treatment for patients with spinal cord ganglio-
gliomas, based on retrospective analysis of gan-
gliogliomas in the cerebral hemispheres (Lang 
et al.  1993  ) . Many studies advocate gross total 
resection (GTR) of these tumors. Garrido et al. 
 (  1978  )  treated three patients with spinal cord 
gangliogliomas and concluded that surgical 
resection was more effective than biopsy with 
irradiation. Furthermore, radiotherapy did not 
prolong the time to recurrence or increase length 
of survival. Similarly, Lang et al.  (  1993  )  described 
58 patients with gangliogliomas resected through-
out the neuraxis. Jallo et al.  (  2004  )  also performed 
radical surgical resection in 56 patients and 
reported better survival, low recurrence rate, and 
good functional outcome. All of these groups 
recommended surgery followed by observation 
without adjuvant irradiation. Close monitoring is 
recommended every 6 months for the  fi rst two 
postoperative years and then annually thereafter 
(Jallo et al.  2004  ) . Only patients who experience 
clinical deterioration undergo urgent MRI scans.  

   Postoperative Complications 

 The completeness of surgical resection is always 
weighed against the risk of major neurologic 
impairment. The incidence of postoperative 

motor de fi cits is correlated with preoperative 
neurologic function: patients with a pre-existing 
motor de fi cit prior to surgery are more likely to 
deteriorate postoperatively (Morota et al.  1997  ) . 
Short-term motor dysfunction has been reported 
in up to one third of patients, but the motor de fi cit 
usually resolves within hours to days (Kothbauer 
et al.  1998  ) . Long-term motor outcome tends to 
be more favorable and directly related to the pre-
operative functional status (Hamburger et al. 
 1997  ) . Additionally, symptom duration seems to 
be an important prognostic factor regardless of 
the preoperative neurological condition (Park 
et al.  2000  ) . In general, patients with intramedul-
lary tumors are advised to undergo surgery before 
developing signi fi cant neurologic de fi cits. 

 Patients may be affected by postoperative spi-
nal deformities such as scoliosis and kyphosis. 
However, osteoplastic laminotomy is believed to 
reduce the incidence of postoperative spinal defor-
mities in children (Abbott et al.  1992  ) . Approximately 
one third of pediatric patients with a signi fi cant 
deformity eventually require surgical stabilization 
(Yasuoka et al.  1982  ) . Spinal fusion is more urgent 
in patients with spinal deformity secondary to 
tumor relative to patients with idiopathic scoliosis. 
In patients with a progressive deformity, MRI 
should be performed to rule out tumor recurrence. 
Spinal deformity may also result from radiation 
therapy (Katzman et al.  1969  ) . Higher rates of 

  Fig. 27.4    Intraoperative view 
of spinal cord ganglioglioma: 
After a laminectomy or 
osteoplastic laminotomy, the 
solid tumor is exposed and 
removed in an inside-out 
fashion until the glial-tumor 
interface is recognized by 
the change in color and 
consistency of the tissue. 
Because there is no distinct 
plane between tumor and 
normal spinal cord, the 
resection is usually started 
in the mid-portion rather 
than at the poles       
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post-radiation spinal deformity are associated with 
younger age at the time of radiation, dose greater 
than 20 Gy, and asymmetrical radiation  fi elds 
(May fi eld et al.  1981  ) . As a result, radiation is not 
a “non-invasive” alternative to surgery. 

 Other, more rare, complications include cere-
brospinal  fl uid leakage. This risk increases with a 
history of radiation and/or prior surgery. In addi-
tion, impaired proprioception may cause a seri-
ous functional disability and requires extensive 
physical therapy. The postoperative course may 
also be complicated by pain syndromes, auto-
nomic symptoms, as well as decreased strength 
secondary to prolonged physical inactivity. 
Fortunately, paralysis is a rare complication of 
intramedullary tumor surgery. Generally, close 
follow-up with plain radiographs is a crucial 
component of postoperative care.  

   Adjuvant Therapy 

 Recurrence due to microscopic tumor remnants 
is not uncommon regardless of the extent of the 
surgical resection. For recurrent spinal cord gan-
gliogliomas, a second operation should be con-
sidered but radiation therapy may also be an 
option. Jallo et al.  (  2004  )  reported patients with 
recurrent tumors who underwent a second sur-
gery without increased morbidity. 

 The role of adjuvant postoperative radiother-
apy is not well-established. After GTR, postop-
erative radiotherapy for benign gangliogliomas is 
usually unnecessary (Otsubo et al.  1992 ; 
Hamburger et al.  1997  ) . Radiation therapy should 
be reserved for patients with malignant tumors 
such as anaplastic gangliogliomas, inoperable 
tumor recurrence, and substantial residual tumor 
for which additional surgery is too risky. On the 
other hand, there is some concern for potential 
malignant transformation after radiation (Ulutin 
et al.  2002  ) . 

 The role of chemotherapy is uncertain at this 
time for intramedullary tumors but seems limited 
for low-grade tumors (Chamoun et al.  2006  ) . 
Chemotherapy may be more bene fi cial in high-
grade tumor management but does not appear to 
signi fi cantly prolong survival (Allen et al.  1998  ) .  

   Outcome 

 The prognosis of CNS gangliogliomas is not 
related to the histological appearance but to the 
extent of tumor as well as its resectability (Lang 
et al.  1993  ) . Even after a near-complete resection, 
some residual microscopic fragments always 
remain. Lang et al.  (  1993  )  reported a clinical recur-
rence rate of 33% with CNS gangliogliomas, and 
linear regression analysis demonstrated the spinal 
cord location to have a 3.5-fold increase in the risk 
of recurrence (47%) relative to gangliogliomas 
involving the cerebral hemispheres. In addition, 
Jallo et al.  (  2004  )  reported a 30% recurrence rate 
for spinal gangliogliomas. 

 A resection that exceeds 80–90% is comparable 
to an almost-complete resection in terms of long-
term progression-free survival (Shrivastava et al. 
 2005  ) . Operative mortality, death within 1 month 
of the operation, is extremely low after radical 
resection regardless of the tumor site (Jallo et al. 
 2004  ) . In addition, postoperative neurological 
function is usually improved or maintained during 
follow-up. Park et al.  (  1993  )  conducted a large 
series of  fi ve cases of intramedullary tumors, dem-
onstrating no evidence of tumor recurrence during 
a follow-up period of 4.1 years. 

 The 5-year survival rate is 88% for low-grade 
intramedullary neoplasms and 18% for high-grade 
intramedullary neoplasms despite surgery and adju-
vant therapy (Jallo et al.  2004  ) . Whereas the 10-year 
survival rate is 84% for CNS gangliogliomas, the 
5-year and 10-year survival rates for spinal cord 
gangliogliomas after radical resection are 89 and 
83%, respectively (Lang et al.  1993  ) . The progres-
sion-free survival may be up to 65% for spinal cord 
tumors (Jallo et al.  2004  ) . Henry et al.  (  1978  )  
reported a mean survival of 7 years for 50 patients 
with gangliogliomas involving the neuraxis. 
Moreover, the survival of patients with ganglio-
gliomas is better than that reported for intramedul-
lary astrocytomas (Minehan et al.  1995  ) . 

 The postoperative functional outcome can 
be graded using a scale developed by 
McCormick et al.  (  1990  ) . According to the lit-
erature, the McCormick score is not much 
higher in patients with recurrent tumors after a 
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second surgery compared to patients without 
recurrence. In addition, patients with a worse 
preoperative functional grade are at risk of 
developing complete loss of function postop-
eratively (Jallo et al.  2004  ) . Therefore, early 
surgical intervention is strongly recommended. 
Furthermore, the extent of tumor resection, 
gross total versus subtotal, does not seem to 
signi fi cantly in fl uence the functional prognosis 
(Jallo et al.  2004  ) .      
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  Abstract 

 Spinal angiolipomas are benign uncommon 
neoplasms originating in mesenchymal tissue, 
and are composed of mature lipocytes admixed 
with abnormal blood vessels. Angiolipomas 
frequently develop in the epidural space of the 
spine and more rarely in the orbit, the cavern-
ous spaces, thalamus, and account for only 
0.04–1.2% of all spinal tumors. These neo-
plasms can be categorized into two subtypes: 
non-in fi ltrating and in fi ltrating. The former is 
more common and remains con fi ned to the 
epidural space whereas the latter invades the 
contiguous bone and adjacent soft tissues. 

 Spinal angiolipomas are predominantly 
located in the mid-thoracic region; hence, 
most patients present slowly progressive signs 
of spinal cord compression secondary to 
epidural mass. Angiolipomas show iso- or 
hyperintensity on T1-weighted images and 
hyperintensity on T2-weighted images, and 
most lesions enhance with gadolinium admin-
istration. The treatment for spinal extradural 
angiolipomas is surgical resection. Complete 
removal of an epidural non-in fi ltrating angio-
lipoma is possible in most cases and the prog-
nosis is excellent and no adjuvant therapy 
should be administered. For in fi ltrating neo 
plasms complete removal may entail compli-
cations due to heavy bleeding.      

      Spinal Angiolipoma: Diagnosis 
and Treatment       
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and    Eduardo   Aran-Echabe      

    M.   Gelabert-González   (*) •     R.   Serramito-Garcia   
•     E.   Aran-Echabe  
     Department of Neurosurgery ,  University of Santiago de 
Compostela ,   Santiago de Compostela ,  Spain    
e-mail:  Miguel.gelabert@usc.es   

Contents

Introduction ............................................................  264

Epidemiology ..........................................................  264

Topography .............................................................  264

Histogenesis ............................................................  264

Pathology ................................................................  265

Clinical Symptoms .................................................  266
Diagnosis ..................................................................  267
Treatment .................................................................  268

Prognosis and Outcome .........................................  269

References ...............................................................  269



264 M. Gelabert-González et al.

   Introduction 

 Spinal angiolipomas are benign tumors composed 
of both mature fatty tissue and abnormal vascular 
elements that represent a distinct clinical and 
pathological entity. These lesions are most com-
monly found in the subcutaneous tissue of the 
trunk and extremities, but other sites have been 
reported as well. They account for 0.04–1.2% of 
all spinal axis tumors, and are predominantly 
found in the epidural space, where they represent 
2–3% of spinal tumors (Gelabert-González and 
García-Allut  2009  ) . 

 The  fi rst case of spinal angiolipoma was 
reported by    Berembruch ( 1890 ) in a doctoral dis-
sertation in a 16-year-old boy with numerous cuta-
neous lipomas who developed a progressive 
paraparesis with hyperre fl exia. The tumors were 
removed, but the boy died in the  fi rst postoperative 
hours. The autopsy revealed a thoracic cutaneous 
lipoma in fi ltrating the spinal canal compressing 
the spinal cord from C6 to T5. The tumor showed 
fat cells with a predominantly vascular component. 
At the turn of the twentieth century, Liebscher 
 (  1901  )  was the  fi rst to describe a spinal angioli-
poma, however, the term angiolipoma was de fi ned 
by Howard and Helwig  (  1960  )  as an anatomo-
pathological entity containing mature fat cells and 
proliferating vessels. A review of the literature 
since 1892–2007 revealed 123 cases of spinal 
angiolipomas (118 extradural and 5 intradural) 
(Gelabert-Gonzalez and Garcia-Allut  2009  ) , since 
then, only 14 new cases have been reported.  

   Epidemiology 

 According to Gelabert-Gonzalez and Garcia-Allut 
 (  2009  )  Spinal angiolipomas account for 0.14–1.2% 
of all spinal tumors, of which 2–3% are extradural 
spinal tumors, and 16–35% spinal lipomas. 
Although most angiolipomas occur in adults, they 
have been reported in all age groups with a range 
of 1.5–85 years (mean 44), and peak incidence in 
the fourth to  fi fth decades of life. A female pre-
dominance was observed (ratio 1.4:1), but no racial 
or geographic predominance has been found.  

   Topography 

 Angiolipomas are benign tumors which usually 
appear as painful subcutaneous nodules, particu-
larly in the forearm, trunk, or neck but occur 
rarely in the spinal canal. Prior to the  fi ve reports 
of intramedullary angiolipomas by Palkovic 
et al.  (  1988  ) , Preul et al.  (  1993  ) , Maggi et al. 
 (  1996  ) , Klisch et al.  (  1999  )  and Weill et al. 
 (  1991  ) , these were thought to occur exclusively 
in the epidural space. A further six cases of 
intracranial angiolipomas have been described: 
two were parasellar i.e., adherent to the dura and 
in intimate contact with the cavernous sinus, and 
the others located in the cortico-subcortical area 
of the left frontal lobe. 

  Location : As reported by Gelabert-González 
and García-Allut  (  2009  )  about 90% of spinal 
angiolipomas were in the thoracic region and 
most extended 2–3 vertebral segments. An expla-
nation for the thoracic predominance of spinal 
angiolipomas may lie in the spine’s regional vari-
ation in blood supply, particularly the mid-tho-
racic spine which is the least perfused. 
Neovascularization in ischemic tissues is known 
to occur and is thought to be triggered by an 
angiogenic factor (Labram et al.  1999  ) .  

   Histogenesis 

 The histogenesis of angiolipomas is poorly 
understood and several theories have been 
advanced. Ehni and Love  (  1945  )  postulate that, 
following some unde fi ned stimulus, angiolipo-
mas arise from pluripotential mesenchymal stem 
cells by divergent differentiation along both adi-
pose tissue and angioid lines (smooth muscle and 
vascular endothelium). Willis  (  1948  )  considered 
these to be a congenital malformation or a benign 
hamartoma, but most would now agree that angi-
olipomas and mesenchymal hamartomas arise 
from primitive mesenchyme. The strong predi-
lection of in fi ltrating angiolipomas for anterior 
localization is thought to be due to the early 
inclusion of the immature pluripotent stem cells 
in the ventral and lateral spinal canal. 
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 The notion of an interperiosteo-dural space in 
the development of angiolipomas has been 
recently proposed by Francois et al.  (  2010  ) . This 
space represents an anatomical continuum extend-
ing from the coccyx to the orbit, and contains fat 
tissue that is abundant at the level of the orbit and 
the epidural spinal space, and sparser at the level 
of the cavernous spaces. This interperiosteo-dural 
space is improperly called the epidural space. It 
contains an important quantity of fat tissue that 
facilitates the movements of the dural sheath of 
the spine in the spinal canal, which is covered by 
the osteoperiosteal layer. Angiolipomas develop 
from this fat tissue (François et al.  2010  ) . 

 Hemangiomas and lipomas may represent a 
spectrum within which angiolipomas constitute 
an intermediate entity (Fourney et al.  2001  ) . The 
more invasive in fi ltrating type of spinal angioli-
poma would then represent a shift towards the 
hemangioma end of the spectrum (Padovani et al. 
 1982  ) . Pagni and Canavero  (  1992  )  support the 
theory of an abnormal developmental origin, 
based on their  fi ndings of spinal angiolipomas in 
patients with birth defects outside the central ner-
vous system (CNS). Spinal lipomas differ from 
angiolipomas in that they are most commonly 
found in the lumbosacral region, rather than mid-
thoracic region, and may be associated with dys-
raphic abnormalities. Provenzale and Mclendon 
 (  1996  )  consider spinal angiolipomas to be more 
aggressive than spinal lipomas. 

 Pregnancy was an aggravating factor in 15% 
of diagnosed women and termination of preg-
nancy, as in the case reported by Preul et al. 
 (  1993  )  may bring about regression of symptoms. 
Pregnancy may interfere with spinal venous 
drainage and increase epidural venous pressure 
from compression of pelvic and abdominal veins; 
the redistribution of blood, the increase in extra-
cellular  fl uid, and the forceful Valsalva maneu-
vers associated with vaginal delivery may acutely 
exacerbate symptoms (Balado and Morea  1928 ; 
Provenzale and McLendon  1996  ) . Others possi-
ble factors reported are vascular steal phenome-
non as a cause of spinal cord ischemia and 
pulsatile compressive effect on the adjacent cord 
because of its vascularity (Turanzas et al.  1994  ) . 
Hormonal in fl uences and increased adiposity 

produced by pregnancy may also cause an 
increase in the size of spinal angiolipomas, as 
much as obesity may lead to symptoms induced 
by increasing their fatty component as occurs in 
patients who receive steroid treatment or are 
overweight (Gelabert-González and García-Allut 
 2009  ) . Tumor thrombosis and/or hemorrhaging 
may cause a sudden deterioration as occurred in 
two cases reported by Labram et al.  (  1999  )  and 
Anson et al.  (  1990  ) .  

   Pathology 

 Macroscopically, the tumor is an encapsulated or 
uncapsulated, reddish soft mass extending into 
the extradural space of the spinal canal. There 
are subdivided into two subtypes which should 
be considered and treated differently: non-
in fi ltrating and in fi ltrating, the later extending 
into the vertebral body (Lipson et al.  1980  ) . 
Gonzalez-Crussi et al.  (  1966  )  described the  fi rst 
case of vertebral “in fi ltrating” angiolipoma and 
stated that this tumor should be distinguished 
from angiolipomas described by Howard and 
Hellwig  (  1960  ) . Lin and Lin  (  1974  )  established 
in fi ltrating angiolipoma as a separate entity, justi-
fying their decision on differences in clinical 
course, pathological picture, and prognosis from 
those of “plain angiolipomas”. Histologically, 
they are composed of mature fat cells and blood 
vessels, features of which are described as being 
either normal or mimicking capillary angioma, 
cavernous angioma or arteriovenous malforma-
tions (Fig.  28.1 ). The fatty tissue is of the adult 
type and shows no remarkable  fi ndings (Pinto-
Rafael et al.  2002  ) . The ratio of fat to vessels is 
variable and ranges from 1:3 to 2:3. When an 
abundance of smooth muscle  fi bers are noted on 
microscopy, the lesion is further sub-classi fi ed as 
angiomyolipomas. A thin capsule, often defec-
tive in many areas, may surround the lesion. 
Secretory activity has been described in one case 
with lipid-like material in perivascular granules 
(Bardosi et al.  1985  ) . No atypia, pleomorphism, 
mitotic  fi gures or karyotypical abnormalities 
were found (Andaluz et al.  2000  ) , but in the case 
reported by Fourney et al.  (  2001  )  mild atypia was 
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observed in the endothelial cells. Otherwise asso-
ciations have also been reported with an intramed-
ullary glioblastoma and osteochondroma. In two 
cases described by Pearson et al.  (  1970  ) , addi-
tional osteoid tissue was observed. 
Inmunoshistochemical assay was performed in a 
few cases, and a low proliferation rate was found 
on Ki-67 (Pinto-Rafael et al.  2002  ) . Samdami 
et al.  (  2004  )  observed a positive stain for CD31, 
Factor XIIIa, and Factor VIII, and negative for 
Glio Fibrilar Acid Protein.  

 Sciot et al.  (  1997  )  analysis of the karyotype 
in 20 angiolipomas found that all were normal; 
the authors speculate that a normal karyotype 
supports the theory of angiolipomas as a reac-
tive or hamartomatous lesion. They also suggest 

that vascular proliferation could be a primary 
event in the development of these tumors, and 
the adipose tissue, a secondary, albeit promi-
nent, component.  

   Clinical Symptoms 

 From a clinical point of view, spinal angiolipomas 
do not differ from other benign space-occupying 
spinal lesions. They generally produce spinal 
cord compression, and back pain is a frequent 
initial complaint at presentation (Pagni and Canavero 
 1992  ) . Subjective complaints are mostly of sen-
sory disorders and motor de fi cits below the level 
of the lesion that often progress to weakness in 

  Fig. 28.1    H&E 20× ( a ) and 
80× ( b ) contained mature, 
normal appearing adipose 
tissue and small-medium 
caliber blood vessels 
indicative of angiolipoma          
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the lower-limbs for long periods with sphincter 
dysfunction in the later stages (Gelabert-González 
and García-Allut  2009  ) . 

 From the clinical point of view, Gelabert 
-Gonzalez and García Allut  (  2009  )  reports most 
patients exhibited a progressive clinical course 
over a period of a few hours to several years. The 
interval between the initial symptoms and tumor 
diagnosis ranged from 1 day to 17 years (mean 
interval 20 months). The duration of symptoms 
was longer in patients with lumbar pain (1 year), 
whereas the shortest duration of symptoms occurs 
in patients involving sudden motor de fi cit 
(<1 week) (Gelabert-González and García-Allut 
 2009  ) . Eight patients with a relapsing clinical 
course presented paraparesis during pregnancy or 
puerperyum (Gelabert-González and García-Allut 
 2009  ) . Other authors consider overweightness and 
the administration of steroids as symptomatologi-
cally aggravating factors (Fourney et al.  2001  ) . 
Regardless of the duration, rapid deterioration 
has occurred in a few cases due to factors such as 
venous thrombosis, tumoral hemorrhage, vascu-
lar steal phenomenon, and intratumoral abscess 
(Anson et al.  1990  ) . In a few cases, a relapsing 
and remitting course mimicking demyelinating 
disorder was reported. 

   Diagnosis 

  Biochemical studies:  Cerebrospinal  fl uid samples 
were analyzed in a few cases and slight protein 
 concentrations were observed  (range 0.70–
1.41 mg/dl). 

  Neurophysiological study : only two reported 
neurophysiologic cases have been reported i.e., 
Bailey et al.  (  2000  )  patient where the lower limb 
somatosensory evoked responses were normal, 
and the case published by Nishiura et al.  (  1986  )  
where the electromyogram showed a neurogenic 
pattern in the paravertebral muscles from T8 to 
T10 bilaterally. 

  Radiology:  X-rays of the spine essentially show 
no bone abnormalities. The most frequent altera-
tions were erosion of the walls of the vertebras 

(bodies and pedicles) with enlargement of the 
interpeduncular distances primarily in in fi ltrated 
tumors. Other cases were associated to scoliosis, 
osteoporosis or Klippel-Feil syndrome (Bardosi 
et al.  1985 ; Bucy and Ritchey  1947 ; Nishiura 
et al.  1986  ) . In two in fi ltrating angiolipomas bone 
erosion had a coarsened trabecular pattern char-
acterisitic of vertebral hemangioma, but no 
calci fi cations were found. 

  Myelography : was the most common radiologic 
technique for tumor identi fi cation prior to 1988; 
the  fi ndings, however, were not speci fi c and 
showed partial or total blocking of the contrast 
column that was also characteristic of other extra-
dural lesions compressing the spinal cord 
(Nishiura et al.  1986 ; Padovani et al.  1982  ) . 

  Angiography : Selective spinal angiography was 
rarely used in the diagnosis of spinal angiolipo-
mas and, of the few cases reported, prominent 
vascularity in the lateral aspect of the T9 verte-
bral body was observed in one case (Rabin et al. 
 2004  ) , and in T6 in the other (Andaluz et al. 
 2000  ) . In both cases the tumors were supplied by 
a branch of the intercostals artery. 

  Computed Tomography CT  scan has lost rele-
vance in the diagnosis of spinal tumor; however, 
CT Scans are useful to visualize lesions affecting 
the bone such as trabeculation of the vertebral 
body, erosion of the vertebral body and pedicles, 
the presence of paravertebral component or/and 
association with a vertebral tumor such as a 
hemangioma (Klisch et al.  1999 ; Weill et al. 
 1991  ) . In some cases tumor calci fi cations it can 
be observed (Rabin et al.  2004  ) . In most of the 
reported cases, the tumor was hypo dense with 
the cord (between −20 and −72 HU), and less fre-
quently isodense, slight hyperdensity, or hetero-
geneous (Weill et al.  1991  ) . After contrast 
administration tumors generally showed irregular 
enhancement (Palkovic et al.  1988  ) . 

 Rubin et al.  (  1992  )  report that CT scan revealed 
dense fatty tissue in most of the extradural angio-
lipomas. Though CT scan usually demonstrates a 
hypodense lesion, some tumors are isodense or 
hyperdense depending on the extent of the vascular 
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component or the presence of calci fi cation. Pagni 
and Canavero  (  1992  )  suggest that CT is not 
speci fi c for spinal epidural angiolipomas and can 
be misleading. 

  Magnetic resonance imaging  (MRI) is the most 
valuable radiological technique for diagnosing spinal 
angiolipomas. The variability of the vascular and 
adipose elements of the tumor causes a signi fi cant 
heterogeneity in imaging studies. On non-con-
trast T1-weighted images, most of angiolipomas 
are typically hyperintenses due to their fatty con-
tent; however, there are some reports of isointense, 
hypointense on heterogeneous    angiolipomas 
(Preul et al.  1993 ; Weill et al.  1991  ) . 

 In most T2-weigthed sequences, the tumor 
was hyperintense as compared to cerebrospinal 
 fl uid (CSF), but isointense, hypointense or het-
erogeneous signal have also been reported (Weill 
et al.  1991  )  (Fig.  28.2 ). Following Gd administra-
tion, most cases presented remarkably homoge-
neous enhancement though poor uptake and 
irregular or heterogeneous enhancements have 
been described. Gadolinium enhancement may 
go undetected due to the hyperintensity of angio-
lipomas on T1-weighted imaging, but gadolinium 
infusion with fat suppression sequences may 
enhance areas of abnormal signal intensity within 

fatty tumors. Moreover, MRI enables the imaging 
of disc hernia, in fi ltration of the vertebral body 
and/or extending to the pedicle, and a paraverte-
bral thoracic component (Andaluz et al.  2000  ) .  

 Provenzale and Mclendon  (  1996  )  showed 
that large hypointense foci observed within spi-
nal angiolipomas on non-contrast T1-weighted 
images are correlated with increased vascularity 
and most lesions enhance with gadolinium admin-
istration whereas T2-weighted imaging can be 
variable but is often hyperintense. Signi fi cant het-
erogeneity in imaging is attributed to the variable 
vascular and adipose elements of the tumor. The 
enhancement after Gadolinium administration is 
due to the vascularity of these tumors; this phe-
nomenon allows differential diagnosis between 
extradural lipomatosis and spinal angiolipoma, 
as the former is not enhanced. Non-in fi ltrating 
angiolipomas are generally located in the poste-
rior portion of the epidural space, are well delim-
ited from the surrounding tissue, and can usually 
be removed easily by laminectomy.  

   Treatment 

 Spinal angiolipomas are treated exclusively by 
surgical removal of the lesion. In cases of dorsally 

  Fig. 28.2    Preoperative 
sagittal MRI T1-weighted 
image (TR 560, TE 14) ( a ) 
T2-weighted image (TR 400, 
TE 15) ( b ) showing an L5-S1 
extradural slightly inhomoge-
neous epidural mass ( arrows )       
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located, non-in fi ltrating lesions a gross total 
resection of the tumor and associated capsule is 
usually achievable. The tumor usually has no 
adhesions to the dura and can be removed with 
no dif fi culty through a laminectomy (Gelabert-
González and García-Allut  2009 ; Pagni and 
Canavero  1992  ) . 

 Total removal of in fi ltrating angiolipomas, 
that often involve the body of the vertebral than 
the posterior arch, has been recommended using 
the anterolateral approach and stabilization of 
the affected vertebrae is desirable (Gelabert-
González and García-Allut  2009  ) . In these 
lesions, pre-operative angiography and embo-
lization followed by an anterior approach has 
been described and may provide an opportunity 
for greater spinal decompression and tumor 
removal (Rabin et al.  2004  ) . Some authors 
believe that the tumor-invaded vertebral body 
should be preserved because, analogous to ver-
tebral hemangiomas, spinal angiolipomas may 
not enlarge. As these lesions are histopathologi-
cally benign and slow growing, no adjuvant 
therapy in the form of chemotherapy or radia-
tion is required and once adequate surgical 
decompression of neural elements has been 
achieved, no further treatment is required. 
However, in three reported cases, postoperative 
radiotherapy was administered following a par-
tial excision owing to concerns of potential 
malignancy (Anson et al.  1990 ; Bucy and 
Ritchey  1947 ; González-Crussi et al.  1966  ) . 

 Most authors report good outcomes after sur-
gical excision of spinal angiolipomas in spite of 
severe preoperative neurological deterioration 
(Andaluz et al.  2000  ) . Only one case of recur-
rence of an angiolipoma has ever been reporter 
with successful surgery 12 years after the  fi rst 
intervention (Bender et al.  1974  )  and none has 
been reported in all the other cases of in fi ltrating 
angiolipomas, even in cases in which a complete 
removal could not be attained (Rabin et al.  2004  ) . 
Furthemore, it seems reasonable to suggest that 
surgical intervention is urgent when there is a 
sudden clinical deterioration such as occurred in 
some cases in the literature (Preul et al.  1993 ; 
Gonzalez-Crussi et al.  1966  ) .   

   Prognosis and Outcome 

 The prognosis of spinal angiolipomas is very 
favorable and only few cases of death have been 
reported. Most of this cases being very old refer-
ences and no clear indication as to the cause of 
death (Balado et al. 1928; Berenbruch  1890  ) . 
More recently, one patient who had never under-
gone surgery died from a cervical glioblastoma 
(Howard and Helwig  1960  )  and the other from a 
respiratory infection. 

 Tumor recurrence following surgery is rare, 
and only two cases (1.8%) were reported, one 
after gross-total removal (Bender et al.  1974  )  
and the other, a in fi ltrating tumor following 
subtotal resection. In a review of the literature, 
outcome was no worse in the in fi ltrating than in 
the non-in fi ltrating lesions and was indepen-
dent of the completeness of the removal. The 
postoperative course was diverse ranging 
3 months to 10 years. Overall, there were two 
deaths (1.8%) in patients with non-in fi ltrating 
angiolipomas (Bender et al.  1974  )  and none in 
the in fi ltrating subgroup (Gelabert-González 
and García-Allut  2009  ) . Though the results of 
surgery are dif fi cult to assess due to the varia-
tions in terminology in the literature, most 
patients were reported to have improved 
postoperatively.      
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  Abstract 

 Spinal cord injuries result in catastrophic 
dysfunctions that impair the quality of a 
patient’s life. Following spinal cord injury 
(SCI), the cascade of cellular and biochemi-
cal reactions during primary and secondary 
injuries and a dense scar formation leads to a 
devastating physical and chemical barrier at 
the lesion site. These effects could not be 
reversed through conventional treatments. 
A multidisciplinary approach that includes 
materials science, engineering, biology, 
chemistry, and medicine is required to achieve 
a completely successful treatment for SCI. 
Tissue engineering, which integrates scaffolds, 
autologous (preferably) cells, and growth fac-
tors, is an encouraging development in the 
treatment of SCI which aims to replace and 
restore the anatomical and functional struc-
ture of the damaged spinal cord. Neural stem 
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cells (NSCs), by differentiating into the cells 
of the nervous system, are a promising cell 
source for use in this challenging approach 
which has a great potential in the therapy of 
spinal cord injuries.      

   Introduction 

 Spinal cord injury (SCI) is among the most 
devastating disorders that impair the quality of a 
patient’s life. The annual incidence of SCI in the 
Unites States is estimated to be 40 cases per mil-
lion population according to the National Spinal 
Cord Injury Statistical Center  (  2011  ) . The most 
common causes of SCI have been reported in 
2011 as motor vehicle accidents (40.4%), falls 
(27.9%), acts of violence especially gunshot 
wounds (15%), and sports (8%) since 2005. 

 Spinal cord is an elongated cylindrical part of 
central nervous system (CNS) and contains bun-
dles of nerves which carry nerve impulses along 
the spinal tract between the brain and the rest of 
the body (Snell  1992  ) . It is composed of an inner 
core of gray matter, contains nerve cell bodies 
and associated nerve  fi bers, and an outer covering 
of white matter with descending and ascending 
tracts (columns) of myelinated axons. The spinal 
cord is surrounded by three meninges, the dura 
mater, the arachnoid mater and the pia mater, and 
is situated within the rings of bones, called verte-
bra, which constitute the spinal column. In addi-
tion to these protective structures, the 
cerebrospinal  fl uid found in the central canal and 
the subarachnoid space cushions and protects the 
spinal cord. 

 The degree of neurological defects varies 
depending on the extent and level of the SCI 
(Legos et al.  2002  ) . A complete injury is de fi ned 
by the total absence of motor and sensory func-
tion below the level of the injury which means 
that the patient has no sensation and voluntary 
movement. However, in an incomplete injury 
either the motor or the sensory function is present 
below the level of injury. Thus, a patient with an 
incomplete injury may be able to feel but can not 
move certain parts of the body. The other impor-
tant criterion is the level of injury which is highly 
related with the parts of the body that might be 

affected by paralysis and loss of function. 
According to their location the vertebra is 
classi fi ed from top to bottom (head-to-toe 
direction) as cervical vertebra (the eight vertebra 
in the neck; C-1 to C-8), thoracic vertebra (the 
twelve vertebra in the chest; T-1 to T-12), lumbar 
vertebra (in the lower back between the thoracic 
vertebra and the pelvis), and sacral vertebra (from 
pelvis down to the end of the spinal cord) (Snell 
 1992  ) . Generally more dysfunction is expected in 
patient with SCI in the higher levels of the spinal 
column. SCI at cervical region usually results in 
quadriplegia or tetraplegia, and causes loss of 
function in the arms and legs or complete loss of 
sensation below the neck (Legos et al.  2002  ) . 
Moreover, patients having injuries above C-4 
level lose spontaneous respiration capability and 
may require a ventilator to breathe. Thoracic 
injuries usually affect the chest and the legs, and 
result in paraplegia, with the hands being not 
affected. Compared to the other parts, injuries at 
lumbar and sacral regions result in lesser effects, 
like decreased control of the legs and hips, and 
urinary system. Since 2005, the most frequent 
neurologic categories are reported as follows; 
incomplete tetraplegia (39.5%), complete para-
plegia (22.1%), incomplete paraplegia (21.7%) 
and complete tetraplegia (16.3%) (National 
Spinal Cord Injury Statistical Center  2011  ) . 

 In traumatic SCI, an external physical insult 
leads to neurological damage because of inter-
ruption of communication pathways between the 
brain and the periphery. The SCI is usually caused 
by blunt impact, compression, and penetrating 
trauma, and may result in complete transection. 
The complex pathophysiology of SCI starts with 
the mechanical damage to the neurons caused at 
the time of trauma, called primary injury, which 
triggers the secondary injury, a cascade of cellu-
lar and biochemical reactions (Legos et al.  2002  ) . 
Formation of free radicals, lipid peroxidation, 
accumulation of excitatory neurotransmitters, 
disruption of ionic homeostasis, activation of 
in fl ammatory response are among the mecha-
nisms that are parts of the secondary injury that 
leads to generation of an inhibitory environment 
for regeneration and repair. The resultant injury 
leads to necrosis and apoptosis of neurons and 
glia which in turn results in cystic cavity formation. 
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The loss of oligodendrocytes results in 
demyelination of axons, and impairs nerve 
impulse propagation. Following the tissue loss 
the cystic cavity is surrounded by reactive 
astrocytes due to astrogliosis (excessive increase 
in astrocyte numbers), and ends up with a dense 
scar tissue upon deposition of collagen. The 
growth of axons across the cavity is not suf fi cient, 
and the injured tissue is not able to achieve self-
regeneration due to the presence of the inhibitory 
environment and the scar tissue which acts as a 
physical and chemical barrier.  

   Treatment Strategies in Spinal 
Cord Injury 

 Today, there still is no completely successful 
treatment of spinal cord injury. The routine clini-
cal treatment for SCI is to stabilize the spine and 
restore its proper alignment along with surgical 
decompression of the cord. However, the decom-
pressive surgery is a controversial issue regarding 
the appropriate time for surgical intervention and 
the ability of surgery to promote neurological 
recovery. The researchers have been trying to 
understand the neuronal behavior within the 
human spinal cord and the studies have been 
focused on functional training approaches. 
Neurorehabilitation is a method used for func-
tional recovery of such disorders. For the therapy 
to be effective it is important to understand the 
re fl exes and motor centers. So, it is necessary to 
evaluate neuronal function and biomechanical 
properties. Basically rehabilitation in functional 
training approaches should aim an improvement 
of function by taking advantage of the plasticity 
of the neuronal center. However, a single therapy 
as neurorehabilitation would not be suf fi cient 
to overcome the problems that arise from the 
secondary injury and scar formation in SCI; 
therefore, it should be accompanied by other 
inhibitory and/or regenerative therapies. 

 The scienti fi c challenges for the treatment 
of SCI can be summarized under two main 
topics: neuroprotection and neural regeneration. 
Neuroprotection aims to prevent the secondary 
injury mechanisms and/or to minimize the extent 
of damage caused by autodestruction of neurons 

and the tissue. Drugs have been used in spinal cord 
repair as neuroprotective agents to provide func-
tional inhibition of molecules that prevent axonal 
regeneration. The most promising neuroprotective 
drug for SCI is methylprednisolone, a synthetic 
glucocorticoid steroid with anti-in fl ammatory 
activity, and is effective in attenuating particular 
secondary injury processes if administered prop-
erly and in time (Anderberg et al.  2007  ) . There are 
also other drugs, like monosialotetrahexosylgan-
glioside (GM-1), thyrotropin-releasing hormone 
(TRH), gacyclidine (GK-11), minocycline, and 
nimodipine, which have neuroprotective effects 
due to their antioxidant, anti-in fl ammatory or 
channel blockage properties. However, the dosage, 
timing and the way of administration are some 
technical constraints that should be considered 
when planning drug administration. Researchers 
have been investigating epidural drug delivery 
from injectable hydrogels as a more localized 
method that prevents the loss of dosage. 

 The present studies in SCI are particularly 
focused on neural regeneration. In neuroregener-
ation, the axonal growth and the neural plasticity 
are promoted to reorganize the injured spinal 
cord by forming new neural connections. A mile-
stone in this  fi eld was the study carried out by 
David and Aguayo  (  1981  )  which changed the 
belief that injured axons are not able to regenerate 
after SCI. A peripheral nerve tissue graft was 
used to build a bridge as a guide along which 
axons could form connections and restore the 
function. It was observed that the axons could be 
regenerated by providing such a permissive envi-
ronment, but they failed to elongate when faced 
with the native CNS tissue. Later, several more 
regeneration obstacles like nerve cell disability, 
an insuf fi cient growth response by the injured 
neurons, and inhibitory environmental factors 
like NOGO-A and myelin-associated glycopro-
tein (MAG 13) produced by oligodendrocytes 
have been identi fi ed (Anderberg et al.  2007  ) . In 
order to solve these problems various regenera-
tion strategies have been developed to modify 
and/or eliminate the inhibitory properties of the 
injured spinal cord tissue. Several promising 
approaches, such as injection of macrophages 
to enhance the regeneration and removal of 
chondroitin sulfate proteoglycans to prevent scar 
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formation, were developed. Neuroregeneration 
strategies for SCI require the outgrowth of exist-
ing and new axons across the lesion site and their 
remyelination in order to achieve the ultimate 
goal, the functional recovery of the injured tissue. 
The potential strategies proposed to provide 
regeneration and to improve both the pathologi-
cal and functional outcome in SCI mainly include 
the use of cell-free biomaterials, the therapy 
via cell transplants, and a combination of these 
strategies which is tissue engineering with cell 
seeded scaffolds.  

   Tissue Engineering Approaches 
for Spinal Cord Injury 

 Recent advances in nerve regeneration show 
that a combinatorial approach like tissue engi-
neering, which integrates scaffolds, cells, and 
growth factors, is a creative strategy to achieve a 
completely successful treatment for SCI. The 
ultimate goal of tissue engineering in the 
treatment of SCI is to replace and restore the 
anatomical and functional structure of the dam-
aged spinal cord. Cell transplantation, involving 
introduction of cells without scaffolds, encoun-
ters some problems like poor cell localization 
and survival, and uncontrolled differentiation 
following transplantation. Cell survival is 
enhanced when the cells are introduced within a 
cell carrier (scaffold), and thus, their integration 
and the success rate of their differentiation into 
appropriate cell types could be improved. This 
is to be expected because the regenerative 
process in the injured spinal cord is affected by 
the absence of extracellular matrix at the lesion 
site. In the presence of a scaffold, an extracel-
lular matrix analog, the transplanted cells can be 
directed and organized to promote regeneration 
in the injured spinal cord. This is because these 
scaffolds serve as a bridge for the regenerating 
axons and guide them from one end of the injury 
site to the other end. In addition, the presence of 
cellular components in or on the scaffolds 
increases the healing effects and might shorten 
the healing time. Consequently, tissue engineering, 
a new perspective on SCI therapy, is an effective 

strategy that combines cells, scaffolds and growth 
factors for proper regeneration of a damaged 
spinal cord.  

   Cell Sources Used in the Treatment 
of Spinal Cord Injury 

 In SCI, various cell sources are being tested in 
 in vitro  and  in vivo  studies for their neurogenic 
and/or neuroregenerative potential. The main 
goal of the cellular therapy is to  fi ll the cavities 
(gaps) formed in the injured region by transplan-
tation of cells with or without scaffold. The dead 
cells that result as a consequence of SCI can be 
replaced with new neuronal and support cells, 
such as Schwann cells and/or olfactory ensheath-
ing cells, to restore myelination and/or for the 
release of neurotrophic factors for axonal regen-
eration and functional improvements. Another 
active area in the treatment of SCI is the use of 
stem cells. These cells are capable of self-renewal 
and proliferation, and therefore, have a great 
potential in cellular transplantation for the treat-
ment of degenerative disorders. The stem cells of 
pluri- and multipotent nature are able to produce 
specialized, differentiated progeny, and having 
neurogenic differentiation potential and the plas-
ticity of neurons make them an appropriate cell 
source for use in the treatment of SCI. These cells 
can be used to directly replace the damaged cells 
(neurons, astrocytes, and oligodendrocytes). The 
stem cells can also be used in undifferentiated 
state as support cells to release particular growth 
factors necessary for neural regeneration or are 
differentiated into neuron or support cells  in vivo  
after transplantation. In addition, the stem cells 
become adapted to the environment, and conse-
quently evolve with the pathology of the spinal 
cord to provide a sustainable treatment via neuro-
protective and neuroregenerative mechanisms. 

   Embryonic Stem Cells 

 Embryonic stem cells (ESCs) derived from inner 
cell mass of the blastocyst are pluripotent cells 
that are able to differentiate into derivatives of all 
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the three germ layers, like the neurons and the 
support cells in the CNS. However, there are some 
signi fi cant issues like teratoma formation that 
should be considered in cellular transplantation. 
There are a large number of studies on implanta-
tion of ESCs for SCI repair both  in vitro  and 
 in vivo . The results have supported the idea that 
ESCs can survive, differentiate into neurons, and 
provide axonal regeneration and remyelination, 
and functional recovery. Since the surrounding of 
the injury site is not suitable for ESC survival and 
differentiation, the main strategy is the prediffer-
entiation of cells into neuronal cells and thus  
improve their regeneration potential before trans-
plantation for treatment of SCI (Cui et al.  2011  ) . 
The neural cell adhesion molecule L1, a member 
of the immunoglobulin superfamily, enhances 
neurite outgrowth and survival. In a recent study, 
L1 molecule expressing ESCs, which were trans-
fected with a plasmid encoding L1 molecule, were 
differentiated through SENA (substrate-adherent 
embryonic stem cell-derived neural aggregates) 
procedure before implantation (Cui et al.  2011  ) . 
The results showed a better cell survival and 
improved locomotor function. Besides, regrowth 
of catecholaminergic nerve  fi bers distal to the 
injury site and recovery of endogenous spinal 
cord interneurons and motoneurons were achieved 
by SENAs. In addition to cellular therapy strate-
gies, ESCs can be combined with biomaterials in 
order to provide regeneration via tissue engineer-
ing. It was shown that use of biodegradable poly-
mer scaffolds carrying various growth factors, 
such as retionic acid, insulin-like growth factor 
(IGF) and transforming growth factor- b  (TGF- b ), 
can induce the differentiation of ESCs and 
promote cellular survival (Levenberg et al.  2003  ) . 
Besides, when the cells were transplanted with 
the poly(lactic acid-co-glycolic acid) (PLGA)-
poly(L-lactic acid) (PLLA) polymer blend 
scaffolds, cellular survival and differentiation 
continued  in vivo  for up to 2 weeks and a 3D 
vessel network like structure was observed. 
Furthermore, when the cell seeded scaffolds were 
compared with ESC cultures, it was con fi rmed 
that 3D cellular organization and a higher expres-
sion of differentiation-associated proteins could 
be supported by the scaffold. Considering these 

 fi ndings, it can be concluded that ESCs with their 
great differentiation potential is an ef fi cient cell 
source for cellular replacement in spinal cord 
injuries. However, it should not be ignored that, 
there are still ethical concerns and legal issues 
about the utilization of ESCs because these cells 
have to be obtained from early embryos.  

   Hematopoietic Stem Cells 

 Hematopoietic stem cells (HSCs) are found in 
the bone marrow, peripheral blood and umbilical 
cord blood. These stem cells are responsible for 
the formation of the blood and immune cells, 
therefore, they provide a regular renewal of the 
blood in the body. In addition, it was shown by 
various studies that HSCs can differentiate into 
muscle, bone and blood vessel cells, in addition 
to epithelium, intestine, liver and neural cells. 
Thus, HSC is a great source for cell therapy 
applications and there are various studies using 
engraftment of HSC in the treatment of SCI. It 
was proven that direct injection of HSCs 1 week 
after the spinal cord injury in a mouse model 
promoted functional recovery and cell survival 
for up to 5 weeks (Koshizuka et al.  2004  ) . 
Furthermore, expression of astrocyte, oligoden-
drocyte, and neural precursor markers were 
detected, but, expression of neural markers could 
not be observed. In another study, implantation of 
human CD34+ HSCs isolated from bone marrow 
into lesions of the developing spinal cord in the 
chicken embryo resulted in differentiation of 
HSCs into neuronal cells (Sigurjonsson et al. 
 2005  ) . Expression of high levels of the neuronal 
markers, neuronal nuclear antigen (NeuN) and 
microtubule-associated protein (MAP2), by the 
transplanted cellular population was observed in 
addition to axon extension and neuronal cyto-
architecture formation.  

   Mesenchymal Stem Cells 

 Mesenchymal stem cell (MSC) is the other cell 
source that can be utilized in the treatment of SCI. 
Their use in cell therapies does not raise ethical 
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concerns and debates due to their ease of isolation 
from various common sources such as bone 
marrow, umbilical cord blood and matrix, adipose 
tissues, etc. Each of these cells has different 
superiorities over the others. Even though the dif-
ferentiation mechanism of transplanted MSCs in 
engraftment site is not clear, several  in vivo  studies 
showed that MSCs can migrate and differentiate 
into astrocytes and neurons depending on the 
extracellular matrix and the signal molecules in 
their environment. Most of the  in vitro  studies 
indicated that MSCs have a capability to transdif-
ferentiate into neurons or glial cells upon treatment 
with appropriate combinations of growth factors 
and chemical stimulants, and several studies 
showed the functionality of these transdifferenti-
ated neurons. Hu et al.  (  2010  )  reported that trans-
plantation of umbilical cord MSCs (UC-MSCs) 
into rat spinal cord after a traumatic injury 
improved hind limb locomotor function recovery 
and achieved lengthening of neuro fi lament-
positive  fi bers. It was found that the majority of the 
UC-MSCs were not differentiated into neuronal 
cells. However, the undifferentiated UC-MSCs 
released neurotrophin 3 (NT-3) and glial cell-
derived neurotrophic factor (GDNF) after implan-
tation. Thus, it was revealed that recovery was 
maintained through the production of the growth 
factors and cytokines by the UC-MSCs. 

 Initially, MSCs were isolated from the bone 
marrow and to date these cells have been tested in 
numerous tissue engineering studies. In one such 
study, the survival, adhesion and proliferation of 
rat bone marrow-derived MSCs on 3D gelatin 
sponges coated with a thin layer of PLGA  in vitro  
were high, and upon implantation of these MSC 
seeded scaffolds into rat SCI lesions the 
in fl ammatory reactions and the lesion cavity 
formation were reduced (Zeng et al.  2011  ) .  

   Neural Stem Cells 

 During CNS development, after the gastrulation, 
neural plate is formed from the ectoderm. The 
proliferation and certain morphological changes 
of the cells within the neural plate lead to the clo-
sure of neural plate, and the neural tube and neu-
ral crest are formed. Neural crest gives rise to the 

peripheral nervous system during embryogenesis 
while the neural tube develops into the central 
nervous system. Neural stem cells (NSCs) are 
derived from the inner epithelial periphery of the 
neural tube and these neuroepithelial cells are 
induced by intrinsic factors and the extrinsic sol-
uble signals to differentiate into mature neuronal 
and glial cells. This whole process is called neu-
rulation. Before the 1990s, it was believed that 
neuron production in the central nervous system 
ceased after birth. However, this argument was 
refuted by numerous studies and the presence of 
NSCs in the CNS was shown. It was  fi rst reported 
by Reynolds and Weiss  (  1992  )  that multipotent 
stem cells expressing nestin reside in the adult 
brain and these cells can be isolated through 
neurosphere formation assay. NSCs, which are 
self-renewable, are generally cultured as neuro-
spheres. NSCs evolve into precursors committed 
to speci fi c neural cell lineages, and these cells are 
capable of differentiation into functional neurons, 
astrocytes and oligodendrocytes. Therefore, 
transplantation of these cells into the injured 
region of the spinal cord can lead to the formation 
of new neurons and oligodendrocytes, expression 
of growth factors, and support regeneration and 
functional recovery. Thus, the role of NSCs in 
regenerative medicine is to become neural cells 
to repair communication pathways, or to do 
remyelination of the growing axons, or to release 
neurotrophic factors to stimulate regeneration. 

 NSCs derived from fetal tissue can preserve 
the full range of pluripotency, while the ones 
isolated from adult brain or spinal cord are more 
restricted to a neural phenotype. Fetal stem cells 
(FSCs) are used for cellular therapies in the treat-
ment of SCI, and result in lower rates of tumor 
formation after transplantation, and this makes them 
more advantageous as a cell source compared to 
the ESCs. However, differentiation capacity of 
FSCs into motor neurons is lower compared to 
ESCs. Many studies suggest that induction of 
FSCs to become a neural cell type before implan-
tation improves the outcomes of treatment with 
increased differentiation speci fi city. Tarasenko 
et al.  (  2007  )  reported that grafting of  in vitro  
primed human fetal NSCs into the contused 
spinal cord 9 days after the injury improved the 
differentiation of cells into cholinergic neurons 
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with enhanced functional recovery. However, it 
was revealed that the time of the grafting is also 
crucial for the success of cell replacement therapy. 
The neural precursor cells can also be derived 
from ESCs to be used in the SCI, and result in 
behavioral improvement after transplantation to 
the lesion site (Hatami et al.  2009  ) . 

 The evidence of the presence of NSCs in the 
adult CNS opens up a new era in the treatment of 
SCI via cellular therapies. These cells can be iso-
lated and cultured  in vitro . In the adult brain, 
NSCs are present in the subgranular zone (SGZ) 
of hippocampal dentate gyrus and in the subven-
tricular zone (SVZ) of lateral ventricle where the 
new neurons are generated during adulthood. 
NSCs are most abundant in SVZ and the newly 
produced neurons migrate from SVZ to the olfac-
tory bulb through the rostral migratory system. In 
SGZ, the number of NSCs is lower compared to 
SVZ. Besides, endogenous NSCs can be isolated 
from the central canal of the mature spinal cord. 
However, the NSCs isolated from different 
sources have different characteristics. They 
require different trophic factors and have differ-
ent growth patterns. Thus, the environmental fac-
tors are important for speci fi c differentiation of 
NSCs. Under  in vitro  conditions NSCs isolated 
from human adult brain were expanded in the 
presence of epidermal growth factor (EGF) and 
basic  fi broblast growth factor (bFGF); however, 
upon removal of the mitogens from the culture 
NSCs differentiated into neuronal and glial cells. 
In an  in vivo  study by Lundberg and Bjorklund 
 (  1996  )  it was reported that the NSCs differenti-
ated primarily into astrocytes after injection into 
adult CNS. Different studies also support that 
after transplantation of NSCs to the injury site, 
the cells differentiate especially into astroglial 
and oligodendroglial cells. For transplantation of 
NSCs after spinal cord injury, there is also a con-
troversy about the ideal source of NSCs. One side 
advocates that all the stem cells are similar and 
they can be induced to differentiate into any type 
of cells through the signals of the local environ-
ment while others state that the local environment 
of a stem cell de fi nes its fate and transplantation 
of these region-speci fi c stem cells improves the 
outcome of the cell therapy. NSCs isolated from 

both the spinal cord and the forebrain of the 
embryonic (day 16) rat were cultured under the 
same conditions with the medium containing 
either EGF, bFGF or both (Fu et al.  2005  ) . It was 
shown that the cells could proliferate and expand 
in all three mediums, but more rapidly in the 
presence of both factors. It was also observed that 
the percentage of the neuronal differentiation of 
the NSCs isolated from the forebrain was higher 
compared to those from the spinal cord. This 
study suggests that use of a NSC source closer to 
the transplanted region could improve cell sur-
vival, engraftment and function. However, NSCs 
alone may not be suf fi cient for complete treat-
ment of SCI. Because of the inhibitory environ-
ment and the glial scar tissue formation after the 
injury, neuronal differentiation and axonal exten-
sion of NSCs are limited. In the light of these 
facts, NSCs are also being tested with comple-
mentary strategies. Bioengineered scaffolds are 
utilized as a vehicle for NSC delivery. In addi-
tion, by entrapping bioactive agents in these 
scaffolds, graft performance could be improved. 
One of the  fi rst applications in this direction was 
in a rat SCI model in which the importance of 
using NSCs along with the scaffolds for best 
recovery was shown (Teng et al.  2002  ) . 
Coordinated, weight-bearing hind limb steps 
were observed 70 days after the induction of 
injury and this recovery was stated to be related 
with the decrease of glial scarring. Besides, elon-
gation of corticospinal tract  fi bers (from the 
injury region to the caudal cord) was recorded. 

 Consequently, each cell type referred to above 
could be a source for cell therapy and nerve tissue 
engineering. However, multipotent neural stem 
cells, as a result of their giving rise to the cells of 
the nervous system, appear to be the most promis-
ing cell source in nerve tissue engineering.   

   Scaffold Design for the Regeneration 
of Injured Spinal Cord 

 A human SCI can be extensive with massive 
disrupted tissue and scar formation which is 
represented by a serious lack of cells that would 
normally contribute to regeneration, and by a 
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physical barrier across which the axons are not 
allowed to grow. Therefore, the regeneration of 
functional axons across this large lesion would 
be achieved via a bridge like biomaterial scaf-
fold through the injured area. These biomateri-
als can be used as cell-free structures; however, 
incorporation of cells and growth factors to 
such highly porous structures (scaffolds) cre-
ates a more permissive environment for healing 
and offers a longer term solution. In all tissue 
engineering approaches, the ideal scaffold 
should be three dimensional (to provide a site 
for cell attachment and to mechanically support 
tissue development), biodegradable with non-
toxic degradation products and porous (for cell 
penetration, for nutrient supply and for removal 
of metabolic waste). Mechanical strength is an 
important parameter in the design of a nerve 
guide to prevent the collapse of the tube and the 
obstruction of regeneration. The chemical com-
position is critical for the mechanical properties 
of the material. In addition, crosslinking of the 
scaffold material or varying the composition of 
the material are approaches used to improve the 
mechanical strength of the scaffolds. For many 
years different biomaterials made of non-
degradable and biodegradable polymers have 
been used in spinal cord repair. Generally, it is 
the regeneration strategy that determines the 
material choice. 

 Non-degradable materials used in tissue 
engineering are generally of synthetic origin. 
Their synthesis processes are controllable and 
generally there is no need for complex proto-
cols. Some non-degradable synthetic materials 
like silicone, poly(2-hydroxyethyl methacrylate) 
(PHEMA), polyacrylonitrile-polyvinylchloride 
(PAN-PVC), and poly(tetra fl uoroethylene) 
(PTFE) are used in the design of nerve guidance 
tubes. These materials have some advantages 
over the degradable ones. For example, they do 
not require a control of the degradation rate or 
carry the risk of toxicity of the degradation 
products. However, their permanent presence 
creates a high risk of chronic in fl ammation and 
may result in nerve compression over time. 
Furthermore, the non-degradable synthetic 
materials are generally non-cell adhesive. 

 Biodegradable materials are preferred more for 
the demanding regeneration environment in SCI. 
There is no need for their removal since they would 
degrade as the new tissue regenerates. However, 
there is a risk of releasing toxic degradation prod-
ucts. Another concern when using biodegradable 
scaffolds is the degradation rate and time. The deg-
radation time should not be less than the recovery 
time which is crucial for proper tissue regeneration. 
The rate of degradation of the construct should be 
tailored to match the rate of new tissue formation. 
The choice of polymer type and ratios and the fab-
rication method can alter the rate of biodegradabil-
ity of the scaffold as well as its mechanical 
properties. The degradable materials could be of 
either natural or synthetic origin. However, materi-
als from natural sources have some problems in 
uniformity, batch-to-batch variability, purity, and 
sometimes evoking immune responses. The 
degradable natural materials like collagen 
(particularly Type I), chitosan, alginate,  fi brin 
and poly(hydroxyalkanoates) (PHA) and the 
degradable synthetic polymers like poly(glycolic 
acid) (PGA), poly(L-lactic acid) (PLLA), poly
(lactic acid-co-glycolic acid) (PLGA), poly( e -
caprolactone) (PCL), and some of their copolymers 
like poly(lactide-co-caprolactone) (PLCL) have 
been used in various nerve regeneration studies. 

 Electrically active materials are also used in 
the design of the nerve guidance channels. The 
electrical  fi eld in the natural extracellular matrix 
(ECM) is formed by electrically charged materi-
als, like negatively charged proteoglycans that 
attract sodium ions, acts as a signal to promote 
axon regeneration. The applied electric  fi eld leads 
to a polarized rearrangement of the cytoskeleton 
of nerve cells via promotion of the microtubule 
disassembly locally along the neurite shaft. It is 
possible to deliver localized electrical stimulus at 
the injury site. The materials which can achieve 
these are electrically conducting, generally non-
degradable polymers like polypyrrole (PP). 

 The structural and chemical versatility make 
biomaterials suitable to replace the scar tissue,  
 fi ll the gap and serve as a bridge to carry regener-
ating axons across the gap. Most of these poly-
meric materials are implanted as solid scaffolds, 
though some are injected in sol or gel form. Gels, 
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highly hydrated, crosslinked polymers, are vis-
cous, and quite suitable to  fi ll a small void pre-
venting astrocytosis from expanding. Gels allow 
regeneration of axons, and are advantageous for 
drug delivery to the injured tissue. The property 
of hydrogels that are used as space  fi lling agents 
makes these materials ideal for implantation at 
complex SCI sites. Hydrogels can also mimic the 
ECM environment with their polymeric network 
structure and high levels of water. On the other 
hand, use of a solid scaffold is more advanta-
geous than injection of a hydrogel that sets or 
solidi fi es after injection. Polymeric scaffolds can 
be found in various forms such as sponges,  fi bers, 
and full or hollow cylinders that can be used to 
bridge the gaps. Sponges or foams, are porous 
and three dimensional, and are generally used for 
large tissue defects (Fig.  29.1a ). They can be con-
veniently fabricated by freeze drying, solvent 

casting or particulate leaching, or a combination 
of these methods and their pore size can be 
adjusted by various methods such as altering the 
size of crystals or changing the freezing tempera-
ture. However, like in the gels their mechanical 
strength is not high (mainly due to the high 
porosity and the inherent properties of polymers) 
making them unsuitable for long implantation 
durations. On the other hand, the tubular struc-
tures are used in the lesion site to serve as a 
bridge to cross large gaps. These can be generally 
porous, hollow tubes or multichannel tubes to 
provide a pathway for axonal regrowth. The roles 
of the tubular structures can be listed as to pre-
vent scar formation, to concentrate neurotrophic 
molecules, and to guide the axon regeneration. 
Hollow single channel tubes provide limited 
guidance because of their large size and lack of 
oriented intraluminal substratum. However, tubular 

  Fig. 29.1    Scanning electron micrograph of scaffolds which were fabricated in different forms ( a ) foam, ( b ) micropat-
terned  fi lm, and ( c ) electrospun random  fi bers and ( d ) electrospun aligned  fi bers       
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constructs having anisotropic architecture such as 
multichannels or aligned textures are promising 
scaffolds in the unidirectional regeneration of 
neurons, which is essential for functional recov-
ery after a spinal cord injury.  

 Upon SCI the damaged axons at the lesion site 
are misdirected which results in abortive regener-
ation. The advances in nerve tissue engineering 
aim to design scaffolds that mimic the architec-
ture and the organization of the uninjured spinal 
cord. Random structures placed within the lesion 
site generally lead to a disorganized growth of 
axons (Stokols et al.  2006  ) . By the incorporation 
of physical and chemical cues in the design, the 
oriented scaffold can imitate the anatomical 
structure of native tissue to provide contact 
mediated guidance for regeneration. The physical 
cues such as roughness and topography are impor-
tant in the cell attachment via nonspeci fi c adsorp-
tion. In topographical approaches, inclusion of 
internal matrices like channels, oriented micro/
nanopatterned designs, and micro/nano fi bers 
increase the surface area to promote cell adhesion 
and enhance the guided tissue regeneration via 
stereotropism. On the other hand, the surfaces 
modi fi ed with patterned ECM biomolecules, act 
as chemical guidance cues, facilitate cell attachment 
and facilitate unidirectional growth of axons, and 
even cells. In addition to cell attachment and 
guidance, some physical or chemical cues are 
used to promote cell survival and differentiation. 

 The cells adhere to ECM through interactions 
between ECM proteins and cell adhesion mole-
cules like integrins and membrane receptors. 
These speci fi c cell-matrix interactions modulate 
the organization of the actin  fi laments. The oriented 
actin cytoskeleton is the evidence of cell align-
ment via contact guidance. Thus, immobilization 
of biological molecules as ECM proteins or their 
constitutional motifs form chemical patterns on 
scaffolds to guide cells to mimic the oriented 
structure of the native tissue. The speci fi c peptide 
sequence Ile-Lys-Val-Ala-Val (IKVAV), poly
(D-lysine), and laminin are among the most 
common chemical cues for nerve guidance. 
Fibronectin can also serve as a chemical cue since 
it enhances attachment and proliferation of cells, 
and induces nerve regeneration. 

 Scaffold topography, as a non-biological 
approach to regulate cell behavior, could act as a 
biomimetic, cell stimulating cue. Even though 
the whole mechanism of cell response to topog-
raphy is not clear, it has been proposed that cells 
adapt to physical, topographic substrates by con-
ditioning growth environments through secretion 
and modulation of ECM proteins. Surfaces with 
micro and nano structures could be formed using 
a variety of techniques. Patterned surfaces could 
be obtained by lithography and subsequent trans-
fer methods, or by other methods such as molding, 
surface grafting, ink jet printing, surface etching, 
and etc. The resultant surfaces could be used as is 
or as a template to transfer the patterns to  fi lms 
via solvent casting, hot embossing, or microcon-
tact printing. Fibrillar scaffolds, on the other 
hand, are generated by pressure assisted injection 
through microsyringes, by self assembling or by 
electrospinning. Most of the polymers can be 
easily cast into different patterned  fi lms and 
 fi bers which are then used separately or in 
combination. 

 The most common technique to produce 
patterns or surface textures with controlled 
dimensions is microfabrication. Many groups 
have used the microfabrication techniques like 
photolithography to create microchannels or 
microgrooves (Fig.  29.1b ). The dimensions of 
the micropatterned substrates have a strong 
effect on the behavior of cells that vary with 
the cell type and cell size. In one study micro-
grooved substrates of varying channel dimen-
sions (e.g. 8  m m wide groove, 20  m m wide ridge, 
and 1 or 2  m m depth) were produced to study 
the effect of these topographical cues on the 
behavior of neurons derived from chick embryo 
cerebral hemisphere (Clark et al.  1990  ) . The 
shallower (1  m m depth) grooves were not effec-
tive on the outgrowth of the neurites, with the 
growth cones crossing over many grooves and 
ridges. However, on 2  m m deep patterns neurite 
outgrowth was signi fi cantly aligned along the 
groove axis with little crossing over the edges. 
It was also reported that the effect of the physi-
cal cues (such as micropatterns) on behavior 
and morphology of cells improved with the 
contribution of chemical and biological cues. 
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Recknor et al.  (  2006  )  showed that astrocytes 
and adult rat hippocampal progenitor cells were 
aligned along the pattern axis of laminin coated, 
micropatterned  fi lms. The co-culture of these 
progenitor cells on guided astrocytes, which 
served as the biological cues, enhanced neuronal 
differentiation and promoted neurite alignment 
on the patterned textures. 

 Fiber is one of the most suitable scaffold forms 
to reestablish the connection between the nerve 
 fi bers which is lost upon SCI. The  fi ber size, 
material, orientation, and fabrication methods 
can be altered as needed. Micro fi bers and 
nano fi bers are the most common scaffold forms 
in neural tissue engineering. The most preferred 
techniques to obtain  fi bers are self assembly and 
electrospinning. In electrospinning, brie fl y the 
polymeric solution is ejected from a needle 
attached to the tip of a syringe under a high poten-
tial created between the needle tip and the collec-
tor plate. When the microsyringe is set in motion 
the solution is ejected through the needle tip in 
the form of a polymeric jet. The  fi bers are col-
lected on the grounded collector. Concentration 
and  fl ow rate of the polymeric solution, diameter 
of the needle, potential applied and the distance 
between the needle and the collector directly 
affect the morphology and diameter of the  fi bers. 
In standard electrospinning procedure, the ran-
domly oriented  fi bers are collected on a metal 
plate (Fig.  29.1c ). A rotating drum, disk, wire 
drum or a parallel pair of electrodes can be used 
as a collector to obtain aligned micro/nano fi bers 
(Fig.  29.1d ). Since it has been shown that the 
alignment of the  fi bers signi fi cantly alters the tis-
sue engineered construct’s performance, scaf-
folds with oriented  fi bers are commonly 
investigated in neural tissue engineering studies. 

 Nanoscale surface features can initiate the for-
mation of focal adhesions, and might achieve a 
precise control of cell directionality and migra-
tion in implants. Therefore, cell attachment, pro-
liferation, and differentiation are enhanced on the 
nanoscale patterned scaffolds. In addition, the 
nano fi bers resemble the native ECM of the spinal 
cord more than the micro fi bers. The outcome of 
many studies involving  fi brous scaffolds show 
that nano or low microscale  fi bers are quite 

promising for the treatment of SCI. In addition, 
the alignment of the  fi bers is especially important 
in guided tissue engineering studies. In neural tis-
sue engineering, the cells could be successfully 
aligned on guided textures like oriented parallel 
 fi bers. Moreover, the aligned  fi bers could direct 
the neurite growth along the  fi ber. Therefore, the 
aligned nano fi brous scaffolds are mostly selected 
to provide the topography suitable for achieving 
regeneration of SCI. Effects of both the diameter 
and the orientation of  fi bers on NSCs were inves-
tigated in  in vitro  studies by Yang et al.  (  2005  ) . It 
was observed that NSCs were oriented along the 
direction of the parallel PLLA  fi bers, and neurite 
outgrowth was parallel to these  fi bers. However, 
the use of micro or nano scale  fi bers did not seem 
to have a signi fi cant effect on cell alignment. It 
was shown that the rate of NSC differentiation 
was higher on the nano fi bers compared to the 
micro fi bers. In addition, the neurite extension 
was faster and longer on the highly aligned scaf-
fold due to better contact guidance effects. The 
effect of the  fi ber orientation on NSC behavior 
was also studied by our group (Yucel et al.  2010  ) . 
It was observed that mouse NSCs were randomly 
distributed in all directions on the nonguiding, 
random  fi bers. However, on the aligned  fi bers 
NSCs responded to the topography and were 
aligned in clusters. It was shown that the cytoskel-
eton and nuclei of the cells were also aligned and 
elongated along the axis of  fi bers. 

 In self assembly method, a molecularly 
designed bioactive matrix is used to provide treat-
ment for SCI and regeneration of axons. A 
nano fi brous matrix composed of peptide 
amphiphile (PA) molecules is formed after injec-
tion into the lesion site. Thus, the scaffold of 
cylindrical nano fi bers is formed by self assembly 
from aqueous solution, and bioactive epitopes are 
found on the surfaces of the nano fi bers. In this 
strategy, neither the cells nor the exogenous pro-
teins are combined with the scaffold, which com-
pletely differs from other approaches (Tashiro 
et al.  1989  ) . The novelty of this study is the 
 incorporation of the neuroactive pentapeptide 
epitope (IKVAV) of laminin into the negatively 
charged PA network. Incorporated IKVAV peptide 
mimicked laminin and supported ECM formation, 
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which was required for axon outgrowth. When 
this IKVAV PA solution interacted with the physi-
ological  fl uid, PA spontaneously formed 
nano fi bers both  in vivo  and  in vitro . Previous stud-
ies on this system showed that the nano fi bers 
including the IKVAV epitope promoted the out-
growth of cultured neurons and suppressed the 
astrocytic differentiation of neural progenitor 
cells.  

   Growth Factor Incorporation 
into Scaffolds 

 Growth factors, especially neurotrophic factors, 
are essential in the development of nervous sys-
tem, myelination of axons, and supporting sur-
vival and differentiation of neurons. In SCI 
treatment the application of these neurotrophic 
factors are crucial. These factors are able to stim-
ulate the activation of the regeneration-associated 
genes to promote the regeneration of injured axon 
and to enhance the differentiation of NSCs to 
replace the injured neurons or neuroglia cells. In 
 in vitro  culture, the differentiation of NSCs is 
triggered by the withdrawal of mitogens like EGF 
and bFGF which are essential in NSC expansion. 
In addition, the potential of NSC differentiation 
can be enhanced by the use of neurotrophin mol-
ecules which improve the survival of postmitotic 
neurons, and so increase the number of newly 
committed neurons. The molecules of neurotro-
phin family promote the maturation process of 
newly formed neurons, increase the length and 
branching of neurons, and facilitate formation of 
functional neurons. Therefore, introducing the 
main growth factors into the lesion promotes 
recovery. There are two major approaches for 
growth factor administration; exogenous delivery 
and endogenous expression. Different growth 
factors such as brain-derived neurotrophic factor 
(BDNF), glial cell-derived neurotrophic factor 
(GDNF), nerve growth factor (NGF), neurotro-
phin 3 (NT-3) and neurotrophin 4/5 (NT-4/5) 
have been tested. However, the ways these factors 
in fl uence the neural cells signi fi cantly differ. In 
addition to supporting survival and differentiation 

of neural cells, these factors play a role on cellular 
migration and myelination, but with contrasting 
actions. Unlike endogenous BDNF, NT-3 sup-
ports Schwann cell migration but prevents myeli-
nation of cells (Yamauchi et al.  2004  ) . As de fi ned 
in here, the use of these antagonist growth factors 
after SCI is de fi nitely a proper approach for the 
regulation of trophic environment (for both 
migration and myelination of neural cells to sup-
port regeneration). In addition to BDNF and 
NT-3, GDNF and NGF delivery after SCI are 
appropriate strategies for regeneration. It was 
reported that injection of genetically modi fi ed 
 fi broblasts expressing NGF into the lesion site of 
rhesus monkeys achieved a greater extension of 
spinal cord sensory axons and putative coeru-
lospinal axons compared to the control group 
(Tuszynski et al.  2002  ) . In addition, Schwann cell 
migration and spontaneous axonal plasticity were 
observed. It can be concluded that axonal plastic-
ity can be enhanced by expression of trophic 
factors by the transplanted cells. In addition to 
NGF, Schwann cell migration to the injured 
region can be induced by the local expression of 
GDNF, and as a result, both remyelination and 
axonal regeneration can be promoted (Blesch and 
Tuszynski  2003  ) . NT-4/5 is also candidate for 
growth factor delivery; however, this neurotrophic 
factor was less investigated compared to the oth-
ers. NT-4/5 binds to the same receptor tyrosine 
kinase receptor B (TrkB) with BDNF, but their 
biological activities signi fi cantly differ. It was 
indicated that NT-4/5 may be more potent than 
BDNF in SCI treatment (Blesch et al.  2004  ) . 
Thus, NT-4/5 expressing genetically modi fi ed 
 fi broblasts were grafted into the lesion after tho-
racic spinal cord injury and axonal extension was 
observed as a result of the effect of NT-4/5. 
Moreover, remyelination was observed as a result 
of Scwann cell migration inside the graft, but 
functional recovery could not be observed. 

 Tissue engineering approaches with growth 
factor administration are utilized in order to 
improve the outcome and overcome the 
de fi ciencies in the treatment of SCI. The main 
strategy is genetic modi fi cation of cells in order 
to express or overexpress growth factors as men-
tioned above, and performing transplantation 
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after seeding and culturing these cells on the 
scaffolds. On the other hand, growth factors can 
also be entrapped in the scaffolds (Fig.  29.2 ). 
These bioactive molecules can be released from 
the scaffold via controlled or sustained delivery, 
and they would support regeneration, cellular 
proliferation and differentiation after transplanta-
tion. Especially growth factor release from the 
scaffolds can induce the differentiation of the 
cells seeded on the scaffold, and cellular replace-
ment in the lesion cavity can be provided.   

   Tissue Engineering Applications 
Using NSCs for Spinal Cord Injury 

 There are various encouraging results obtained 
both in  in vitro  and  in vivo  that combine biomaterial 
scaffolds with NSCs. These NSCs are restricted to 
differentiate into neurons, a basic cell type found in 
the spinal cord, and supportive neuroglial cells, 
achieving remyelination and release of required 
neurotrophic factors to promote regeneration in 
the SCI. 

 The predetermined differentiation potential of 
NSCs in three dimensional matrices was demon-

strated in several studies. In one such study, NSCs 
were obtained from embryonic rat cortical or 
subcortical neuroepithelium, and cultured in col-
lagen type I gels (Ma et al.  2004  ) . It was shown 
that the differentiated neurons were excitable and 
ion channels/receptors, neurotransmitters and 
expression of speci fi c proteins that characterize 
the polarity of neurons were present. In addition 
to these results, an active synaptic vesicle recy-
cling among neurons entrapped in collagen pre-
sented the formation of functional synapse and 
neuronal network. 

 Investigators use different strategies to release 
the growth factors, especially neurotrophins, into 
the milieu of the tissue engineered NSC-scaffolds 
to improve the regeneration process at the site of 
the lesion of the spinal cord. The permissiveness 
of the environment can be further enhanced by 
incorporation of these factors directly into the 
scaffolds, or use the cells, like NSCs themselves 
or the support cells, as a source from which to 
deliver the neurotrophins. In one study, NT-3 and 
platelet-derived growth factor (PDGF) were 
incorporated into  fi brin scaffolds which also 
contained mouse embryonic stem cell-derived 
neural progenitor cells, and these scaffolds were 
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  Fig. 29.2    Schematic presentation of an ideal tissue engineered construct seeded with neural stem cells       
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embedded in a subacute rat model of SCI 
(Johnson et al.  2010  ) . It was reported that the 
strategy of using growth factors within the  fi brin 
scaffold enhanced the cell survival and prolifera-
tion in the spinal cord lesion 2 weeks after injury. 
Moreover, the scaffolds including a heparin-
binding delivery system for the controlled release 
of growth factors directed the differentiation of 
progenitor cells into neurons. Moreover, NSCs 
by themselves can be used as a growth factor 
delivery vehicle via incorporation of a therapeu-
tic target gene, particularly a gene that codes for 
a neurotrophic factor, into these cells via stan-
dard genetic material manipulation procedures 
to achieve the expression or overexpression of 
speci fi c neurotrophic factors. NT-3 overexpress-
ing NSCs generated via transduction were seeded 
on PLGA scaffolds and implanted into a canine 
SCI model (Kim et al.  2010  ) . It was shown that 
NT-3 overexpression slightly enhanced the sur-
vival of transplanted cells. On the other hand, it 
was observed that it promoted the migration of 
NT-3 overexpressing NSCs to the spinal cord tis-
sue, and also improved long-term survival of 
these cells. In the approach of incorporation of 
the supportive cells like Schwann cells, the cells 
could be used as a source of neurotrophic sub-
stances to improve the survival and axonal regen-
eration of injured neurons as well as take part in 
remyelination of axons (Chen et al.  2010  ) . They 
observed that co-transplantation of NSCs and 
Schwann cells which were cultured on PLGA 
scaffolds could promote the functional recovery 
of the SCI of rats with the higher amplitudes of 
motor and somatosensory evoked potential of 
lower limbs compared to the same construct 
except Schwann cells. Moreover, it was sug-
gested that Schwann cells promoted NSC differ-
entiation into neurons to replace the degenerated 
counterparts in order to maintain the synaptic 
connections and to restore the neural pathways. 

 The other most commonly used strategy in 
tissue engineered NSC-biomaterial scaffolds for 
SCI is the use of guided scaffolds to orient axons 
and newly generated neurons in the same direc-
tion. Therefore, the scaffolds were designed by 
simulating the architecture of the healthy spinal 
cord. Even in the early studies the guided sub-

strates were constructed to emulate the white 
matter with longitudinally oriented textures for 
axonal and neuronal guidance (Teng et al.  2002  ) . 
For this purpose, the outer part of the scaffold 
was fabricated via solid–liquid phase separation 
technique to produce long, axially oriented 
pores. In a similar approach alginate-based 
anisotropic capillary hydrogels were used to 
promote oriented axonal regrowth in the injured 
spinal cord (Prang et al.  2006  ) . It was observed 
that this architecture induced guided axon regen-
eration across the scaffold after implantation into 
acute cervical spinal cord lesions in adult rats. 
Moreover,  in vitro  studies showed that neural 
progenitor cells could be introduced into these 
oriented constructs to encourage cell contact-
mediated axon regeneration in the injured spinal 
cord. In another study, the multichannel porous 
PLGA scaffold was combined with a mixture of 
genetically modi fi ed NSCs transfected with 
either NT-3 or tyrosine receptor kinase C (TrkC), 
the NT-3 receptors, to obtain neuronal connec-
tions  in vitro  (Xiong et al.  2009  ) . In the NT-3/
TrkC group, a high percentage of NSCs were 
differentiated into functional neurons which 
established connections and exhibited synaptic 
activities, thus, these neurons could be activated 
at the molecular level in response to external 
stimuli. A biomimetic electrospun  fi brous PCL/
collagen tube was fabricated to be utilized as a 
delivery vehicle for NGF to facilitate regenera-
tion after SCI by promoting NSC differentiation 
(Hackett et al.  2010  ) . The gaps formed between 
nano fi bers were small enough to entrap the 
growth factor inside the scaffold and allowed a 
slow release of these factors. It was observed 
that NSCs proliferated and differentiated effec-
tively on nano fi bers, even more favorably on the 
aligned  fi bers. It was revealed that the electro-
spun PCL/collagen tubes could have a great 
potential to serve as a scaffold with the highest 
proportion of neurons, astrocytes, and Nestin 
positive cells grown on them. In our study a 
tissue engineered, guided nerve tube with well 
de fi ned topographical cues, aligned electrospun 
 fi bers and a micropatterned  fi lm, was developed 
by the use of NSCs and NSC derived astrocytes 
as support cells to repair the transected nerves in 
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the spinal cord (Yucel et al.  2010  ) . NSCs were 
cultured both on the aligned, electrospun mat 
and micropatterned  fi lms for a while, then the 
cells on the micropatterned  fi lm were differenti-
ated into astrocytes while the cells on the  fi bers 
were kept undifferentiated. The 3D tubular scaf-
fold was formed by rolling the patterned  fi lm 
(with its micropatterns facing inside) over the 
 fi brous mat, and the aligned  fi bers containing 
oriented NSCs and the microgrooves containing 
the aligned astrocytes were parallel to the tube 
axis. In this design, the aligned astrocytes on the 
 fi lm would serve as a growth and differentiation 
factor source for the NSCs on the aligned  fi bers 
in addition to enhancing their alignment. The 
success of  in vitro  study in cellular alignment 
and survival of both NSCs and astrocytes in the 
tubular scaffold after co-culture demonstrated 
the potential of the distinct tissue engineered 
nerve tube design to be used  in vivo  for the struc-
tural and functional regeneration of injured 
spinal cord. 

 In most of the studies for SCI the NSCs seeded 
on the biomaterial scaffolds were derived from 
mouse or rat; however, recently researchers have 
started using human NSCs. In one such study, 
human ESC-derived neural precursor cells 
(NPCs) were cultured in collagen scaffolds to 
promote recovery in injured rat spinal cord 
(Hatami et al.  2009  ) . It was observed that human 
ESC-NPCs are able to differentiate into neurons 
and glial cells both  in vitro  and  in vivo . The 
 in vivo  results showed that the recovery of hind 
limb locomotor function and sensory responses 
in an adult rat model of SCI were improved by 
implantation of collagen scaffolds seeded with 
human ESC-NPC, and these transplanted cells 
migrated toward the spinal cord. In another study, 
engraftment of NT-3 overexpressing human NSC 
on PCL scaffold, and combining chondroitinase 
treatment after implantation of cell seeded scaf-
fold signi fi cantly promoted behavioral and elec-
trophysiological recovery after SCI in a rat model 
(Hwang et al.  2011  ) . In this strategy, the scaffold 
provided the mechanical support for the cells and 
also acted as a reservoir to provide migratory 
NSCs to the lesion. On the other hand, NT-3 
overexpression of the cells increased the cell 

survival, differentiation and migration. Results 
proved that, by combining all these tissue engi-
neering components and performing chondroi-
tinase treatment after implantation, neuroplasticity 
and axonal remodelling were improved, remyeli-
nation of contralateral white matter was promoted 
and functional recovery was ameliorated. 

 Through these strategies researchers are seeking 
to construct the ideal scaffold for SCI treatment 
(Fig.  29.2 ). The studies revealed that transplanta-
tion of guided, tissue engineered scaffolds seeded 
with NSCs combining with the developing 
approaches would be an effective way to achieve 
the regeneration and functional recovery of SCI.  

   Future Prospects 

 The unlimited potential in the scaffold design 
and the use of NSCs with current approaches 
open up the way for new treatments for SCI. 
Researchers are still facing the problem that 
regenerating axons fail to grow out of the scaf-
folds. To overcome this obstacle and initiate 
the entry of regenerated axons into the host 
environment, highly migratory cells, which 
replace degenerated cells or facilitate axonal 
growth, need to be transplanted within the scaf-
folds designed through advanced engineering 
approaches. Tissue engineering should be 
coupled with the manipulation of the milieu 
for the neutralization of inhibitory signals or 
the enhancement of effective signals so that 
signi fi cant neural regeneration is achieved in 
patients with SCI.     
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  Abstract 

 The management of spinal tumors in children is 
well established. These tumors are mostly 
benign and when completely removed, the 
child is considered cured with an excellent 
prognosis. Surgical removal of spinal tumors in 
childhood by laminotomy reduce the incidence 
of postoperative deformity during the adoles-
cence and adult periods. Laminotomy have 
some bene fi cial effects in preventing spinal 
deformity and epidural scar formation, especially 
when treating children with remaining growth 
potential. Patients with good preoperative 
neurological conditions show excellent postop-
erative functional outcome and had improved 
functionally in the long term. This emphasize 
the importance of early diagnosis and surgical 
treatment by laminotomy for the majority of 
children with spinal tumor.      

   Introduction 

 Spinal tumors can be divided anatomically by 
 location as intramedullary and extramedullary 
lesions. Spinal tumors are rare in children with an 
approximate annual incidence of 1 per 1 million 
children. In patients under 15 years of age, the ratio 
of brain to spinal tumors ranges from 8:1 to 22:1 
(O’Sullivan et al.  1994  ) . The prevalence of intradural 
spinal cord tumors is 3–10/100,000 per year and up 
to 12% of spinal cord tumors arise in the  fi rst year of 
life. They predominantly ocur in the middle third of 
life (Baysefer et al.  2004  ) . Major  improvements 
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have been made in the diagnosis, treatment 
 modalities and outcome of children with spinal 
tumors over the past several decades. Progress in 
imaging allows for detailed preoperative evalua-
tion. Although vast majority of the spinal tumors 
in children are benign, many require surgical inter-
vention to make a de fi nitive diagnosis to determine 
appropriate treatment.  

   Pediatric Spinal Tumors 

 Intradural-extramedullary tumors represent approx-
imately 25% of intraspinal tumors in children 
(Baysefer et al.  2004  ) . Thirty- fi ve percent of neo-
plasms in the spinal canals of children are located 
extradurally (Yamamoto and Raffel  1999  ) . 
Intradural-intramedullary tumors comprise 35% of 
all spinal neoplasms in children (Houten and Weiner 
 2000  ) . Most published studies relating to spinal 
tumors in children cover the entire spectrum of neo-
plasms, congenital lesions, developmental anoma-
lies and non-neoplastic masses. Thus these 
intraspinal tumors account for approximately 
20–25% of all pediatric tumors. Since these tumors 
are relatively infrequent, individual or general neu-
rosurgeons have relatively little experience with this 
entity. The low prevalence of these lesions and their 
anatomic complexity have resulted in a very slow 
evolution of therapeutic principles for the manage-
ment of spinal tumors in children (Loh et al.  2005  ) . 

 Cytoreductive (debulking) surgery, radiother-
apy and chemotherapy are the treatment strate-
gies for spinal tumors (Schick and Marquardt 
 2001  ) . Laminotomy and laminectomy are the 
options to reach the spinal tumor. But the spinal 
instability is a major problem after surgery in 
children. Many surgical strategies have been 
developed to overcome spinal instability in order 
to achieve the best clinical outcome. Furthermore, 
the development of effective surgical techniques 
with reduced instability may lead to patient’s sat-
isfaction. Several studies have been performed on 
enhancing stability using laminotomy. This chap-
ter will focus on the following targets: pediatric 
spinal tumors, symptomatology and radiology, 
management strategies and laminotomy tech-
nique in spinal tumors.  

   Symptoms and Radiology 

 As mentioned above, most of these tumors are 
benign and slow growing. Pain along the spinal 
axis is the most common complaint often persist-
ing for several weeks to months before it leads to 
evaluation and imaging workup. Motor and sen-
sory de fi cits produced by extramedullary tumors 
are often segmental or unilateral. In young 
infants, motor de fi cits may begin as a regression 
in motor skills or refusal to walk. Limb weakness 
is usually spastic, but may be  fl accid. Sensory 
changes are typically radicular. 

 Urinary disturbances may be present in chil-
dren with spinal cord tumors. Urinary retention 
or incontinence may be overlooked by the par-
ents during the  fi rst 2 years of the life, but in late 
childhood these  fi ndings are obvious and may be 
the  fi rst signs of a spinal tumor. 

 Scoliosis and foot deformities are the other 
signs of a spinal cord tumors. Scoliosis may be 
found incidentally during the evaluation of a 
respiratory tract or urinary tract infection. The 
spinal or foot deformities are usually associated 
with spinal malformations, which may be also 
asscociated with spinal inclusion tumors (der-
moid or epidermoid tumors) or lipomas. 
Hypertrichosis, skin color changes or subcutane-
ous masses are the other signs of spinal malfor-
mations. In order to evaluate these malformations, 
a detailed radiological examination is needed. 

 Imaging studies for the diagnosis of spinal 
tumors include plain x-rays, computed tomogra-
phy (CT) scan, magnetic resonance imaging 
(MRI), and spinal bone scintigraphy. Whole spine 
x-rays are the  fi rst diagnostic tool of spinal 
tumors. Anteroposterior, lateral, and oblique 
views may be necessary to evaluate a spinal bone 
lesion. This examination shows bony changes in 
the spine as well as neural foramen and vertebral 
bodies. The general location of the lesion within 
the bone, the integrity of the cortex, and the pres-
ence of fractures are the important  fi ndings in 
plain x-rays. Whole spine x-rays may also help 
the surgeon to make a decision regarding overall 
spinal balance and the necessity of stabilization 
after tumor removal. 
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 CT is the most accurate method for evaluating 
the extent of osseous involvement and the degree 
of cancellous and cortical bone loss. Tomography 
also helps evaluate the risk for vertebral compres-
sion. Multidetector CT is performed in most cases 
with a large  fi eld of view and no contrast medium. 
With an isotropic volume acquisition, it is possible 
to obtain axial, sagittal, and coronal reformatted 
images that are of the same quality as the source 
images. Two-dimensional multiplanar reformatted 
images are useful in the evaluation of cortical bone 
destruction and calci fi ed tumor matrix. 

 MRI is the best imaging modality for the 
evaluation of spinal canal, the epidural space and 
neural structures. The MRI protocol should 
includes sagittal, axial and coronal images in all 
cases (Fig.  30.1 ). Coronal images may be helpful 
for the evaluation of paravertebral soft-tissue 
extension. Sagittal slices show the stability of 
the vertebrae. Axial images are needed to show 
the spinal cord compression and extention of the 
tumor. T1-weighted images are helpful for delin-
eating normal bone marrow architecture, fat con-
tent within masses, subacute hemorrhage and for 
evaluating tissue enhancement after the adminis-
tration of contrast material. The administration 
of gadolinium-based contrast material results in 
enhancement proportional to soft-tissue vascu-
larity and is helpful for differentiating cystic 
lesions from solid masses. It is also useful for 

biopsy of spinal lesions. This allows differentiation 
of enhanced viable tumor from areas of non-
enhanced necrosis. In addition, contrast material 
is frequently used for better demonstration of 
extradural extension of the tumor. Contrast mate-
rial enhancement is best evaluated on fat-satu-
rated T1-weighted MR images. Inhomogeneous 
suppression of the fat signal can impair the qual-
ity of images obtained in the cervical and tho-
racic spine because of phase-encoded motion 
artifacts. Thus, contrast material–enhanced non-
fat-suppressed T1-weighted images are reliable 
and remain valuable. Dynamic contrast-enhanced 
MR imaging may provide information about the 
rapidity of the enhancement. Most pathologic 
processes are often highlighted on T2-weighted 
images due to their increased  fl uid content. 
T2-weighted images delineate spinal canal 
stenosis and high-signal-intensity areas resulting 
from myelomalacia in spinal cord compression. 
Short inversion time inversion-recovery imaging 
is very sensitive for detecting most types of soft-
tissue and marrow abnormalities and is recom-
mended if the exploration requires a large  fi eld 
of view, which may result in inhomogeneous 
suppression of fat signal with T2-weighted 
sequences. Full-spine and whole-body MR imag-
ing are also very useful in the assessment and 
diagnosis of multifocal lesions of the skeleton 
(Rodallec et al.  2008  ) .   

  Fig. 30.1    The sagittal T1-weighted ( a ) and T2-weighted 
( b ) MRI sections of a 12 years-old female patient show-
ing intradural-extramedullary mass lesion at L1 level. 
This tumor compress to the rootlets of cauda equina in 

the axial MRI section ( c ). The  arrows show  the tumor. 
This tumor removed totally by laminotomy and the 
diagnosis was epidermoid tumor       
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   Management Strategy 

 Surgery is the most effective treatment for all spinal 
neoplasms which located intradurally. Over the 
last 30 years, primary resection alone has become 
the treatment of choise for spinal cord tumors in 
children, since favorable early results following 
resection have been reported for these generally 
low-grade tumors, even when microscopic resid-
ual tumor is or is assumed to be present 
(O’Sullivan et al.  1994  ) . Long-term control or 
cure can be achieved with total removal for the 
benign extramedullary tumors and lesions. Early 
diagnosis and aggressive initial surgery provide 
the best opportunity for long, and progression-
free survival. A complete resection of a spinal 
cord tumor may be treacherous, especially if the 
mass involves the conus medullaris. Manipulation 
of the surrounding neural tissue may cause irre-
versible neurologic injury; therefore adequate 
exposure and meticulous dissection should be 
performed during the surgery. The surgical expo-
sure should encompass the tumor with some ros-
tral and caudal margins to allow for adequate 
visualization. Laminectomy enables a direct 
approach to spinal cord tumors and wide expo-
sure of the spinal canal. It can be extended intra-
operatively either rostrally or caudally. By this 
technique, the protective role of posterior arch is 
lost and spinal stability is broken. 

 Spinal stability depends on balanced growth 
of bony structures, ligaments and paravertebral 
musculature (McGirt et al.  2008  ) . The pediatric 
spine is in a state of dynamic  fl ux, with tensile 
and compressive forces in exquisite balance 
during growth and development (Raab et al. 
 2008  ) . Any disruption of the posterior elements 
may create unbalanced forces that progress to 
radiographic, and ultimately clinically signi fi cant 
deformity of the spine (Raab et al.  2008  ) . 
Disturbance of the posterior structures may 
result in failure to counterbalance the anterior 
bending force (Matsumoto et al.  2009  ) . Skeletal, 
ligamentous or muscular injuries predisposes 
the patient to spinal-column instability and pro-
motes spinal deformity, often with a rotatory 
component (Raab et al.  2008  ) . Iatrogenic insta-

bility, subluxation, kyphosis may ocur after 
laminetomy, especially in children or when the 
facet joints are removed (Matsumoto et al. 
 2009  ) . Spinal deformity is a well recognized 
complication of laminectomies in children, cer-
tainly in the cervical and thoracic regions 
(Cochrane and Steinbok  1992  ) . It has been sug-
gested that replacement of the posterior ele-
ments may help to prevent spinal deformity in 
children. 

 In an effort to reduce potential destabilisa-
tion of the spine and the necessity for more 
extensive surgery, laminotomy was  fi rst 
described by Raimondi et al.  (  1976  )  and adopted 
by Milhorat in 1978 for selected patients 
(Milhorat  1978  ) . In children or young adults 
osteoplastic laminoplasty or laminotomy may 
reduce the incidence of postoperative defor-
mity. Osteoplastic laminotomy preserves the 
structures that appear to be important for spinal 
stability. Bony union of the re-attached laminae 
is critical for the establishing anatomical integ-
rity and stability. Laminotomy has two bene fi ts 
for the patient: Firstly, it allows the reconstruc-
tion of normal anatomy following posterior 
approaches to the spine at all levels. Secondly, 
it prevents the development of myodural and 
epidural scatrices, which can compromise the 
spinal canal. The possible complications of 
laminotomy are dural tear and subdural hema-
toma (Abbott et al.  1992  ) .  

   Surgical Technique of Laminotomy 
and Tumor Removal 

 Following the midline exposure of the supras-
pinous ligament and lumbodorsal fascia, parame-
dian incisions are made in the lumbodorsal fascia, 
preserving the attachment of the supraspinous 
ligament to the spinous process. The multi fi dus 
and interspinalis muscles are re fl ected from the 
spinous processes and laminae to expose the 
medial half of the inferior articular processes. 
The interspinous ligaments and ligamentum 
 fl avum are resected in the midline above and 
below the planned span of the laminotomy  fl ap. 
This provide adequate exposure for drilling. 
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The epidural fat is exposed at these levels. The 
laminae are marked symmetrically at points just 
medial to the corresponding facet joints. The 
supraspinous ligament is left intact as it stabilizes 
the laminae while the laminotomies are per-
formed. The laminotomy should be made as far 
lateral as possible to provide adequate spinal 
canal and dural exposure. The high-speed drill is 
applied at the epidural plane to cut the laminae at 
a slightly diagonal level (Fig.  30.2 ). The footplate 
of the high-speed drill protect the dura while the 
drill perform the laminotomy. Gentle caudal 
movement of the handpiece once the laminae is 
cut allows safe advancement of the footplate 
under the superior ligamentum  fl avum. The lami-
notomy  fl ap is fully released and preserved. 
Hinging the  fl ap caudally by a hook, rather than 
removing it, allows the restoration of the integrity 
of the supraspinous ligament (Fig.  30.3 ). This 
technique also preserves partly vascular supply to 

the  fl ap and ligaments. The epidural veins are 
carefully coagulated and thin strips of Gelfoam® 

are applied to the lateral gutters to assist in the 
tamponate of epidural bleeding.   

 Following the laminotomy, ultrasound may be 
used to verify if the bony exposure is adequate to 
expose the intradural tumor. If it is necessary to 
improve the exposure, the laminotomy may be 
extended in the appropriate rostral or caudal 
directions with high-speed drill. It is unnecessary 
to extend the laminotomy of the dural opening 
over rostral or caudal tumor-associated cysts, the 
latter are typically decompressed after the 
removal of the solid portion of tumor. For the 
electrophysiological monitoring, both rostral and 
caudal electrodes are inserted, secured and then 
connected to the monitoring unit. 

 The dura is best opened with a number 11 
blade after it has been elevated with a dural 
hook (Fig.  30.3 ). A small dissector is used to 
peel the dura from the adjacent arachnoid 
mater. Retraction sutures are applied to the 
dural edges and suspended by hemostat clamps. 
The operating microscope is brought into the 
surgical area. After the dural opening, the mid-
line raphe may be identi fi ed by the small diag-
onal vessel typically situated at the medial 
surface of posterior columns. The extramedul-
lary tumors are easily removed by microinstru-
ments and microdissection. Small cottonoids 
should be placed between the tumor and neural 
elements (spinal cord or cauda equina) in order 
to protect these structures. At the middle tho-
racic region, the roots can be coagulated and 

  Fig. 30.2    The laminotomy 
line ( LL ) on the lumbar 
vertebrae should be linear 
and symmetrical ( a ). The 
lamina should be cut by 
high-speed drill ( HSD ) just 
above the dura mater ( DM ) 
( b )       

  Fig. 30.3    The laminotomy  fl ap should be re fl ected cau-
dally and  fi xed with a hook. The spinous processes ( SP ) 
and interspinous ligaments are protected by laminotomy. 
The dural incision ( DI ) should be performed by scalpel ( S ) 
on the midline in order to remove the intradural tumor       
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cut in order to achieve adequate exposure and 
total removal of the tumor. But it is not suitable 
for cervical or lumbosacral region tumors. For 
the intramedullary tumors, the midline dorsal 
surface of the spinal cord is meticulously 
coagulated by bipolar cauter. Coagulation of 
posterior surface veins are usually risk free. 
The myelotomy incision is best initiated with 
an arachnoid knife in that region of the cord in 
which the thickest portion of the tumor exists. 
Next, the pial traction sutures are applied to 
open the lips of myelotomy incision. After the 
intramedullary tumor is identi fi ed the posterior 
columns are gently re fl ected laterally with 
the plated bayonet, exposing the lateral aspects 
of the tumor. The tumor is removed using 
microtechniques. 

 After the resection of spinal cord tumor, the 
laminar  fl ap should be brought into its anatomi-
cal position. Symmetrical drill holes made at 
the both sides of laminotomy incision and 
suture material passed through these holes tied 
down in order to achieve the normal anatomical 
position. In order to minimize the risk of migra-
tion of the laminar  fl ap into the canal, the inter-
spinous suture placed at the caudal extent of the 
 fl ap and those placed through the supraspinous 
ligament into lumbodorsal fascia are critical. 
These sutures take advantage of the paraverte-
bral muscle spasm in the early postoperative 
period and resultant loss of lordosis to support 
the  fl ap away from the dura. Titanium mini-
plates may also be used for the reconstruction 
of laminar roof after the resection of spinal 
tumor (Wiedemayer et al.  1998  ) . Following the 
laminar reposition, the muscle retractors are 
removed and the paravertebral muscles are 
allowed to reassume their anatomical position. 
These muscles are sewn into the individual 
interspinous and supraspinous ligaments, thus 
facilitating balanced movements and stability in 
the region of laminar  fl ap after healing 
(Raimondi et al.  1976  ) .      
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  Abstract 

 Metastatic spinal disease occurs frequently, 
affecting as many as 40% of cancer patients 
over time. Approximately 10% of these 
patients experience malignant epidural spinal 
cord compression. Metastasis to the spine 
causes signi fi cant morbidity and often leads 
an inexorable decline into paraplegia and loss 
of bowel and bladder function. Advances in 
surgical techniques have allowed a more 
aggressive approach to treatments for cytore-
duction and spinal stabilization. Fractionated 
radiotherapy has proved effective in treatment 
of these patients, but inability to design and 
implement highly conformal plans initially 
limited the use of radiation delivery until the 
development of stereotactic and highly con-
formal radiation delivery techniques. The 
current data supporting surgery and radiation 
for treatment of metastatic spinal disease will 
be reviewed in this chapter.      

   Introduction 

 Malignant epidural spinal cord compression 
(MESCC) is de fi ned as radiographic displace-
ment of the spinal cord by a neoplastic lesion 
(Loblaw et al.  2003  ) . The natural history of 
untreated MESCC is grim, with the expected out-
come being stepwise motor and sensory decline, 
pain, and loss of bowel and bladder control. 
Between 20,000 and 30,000 new cases of MESCC 
are diagnosed yearly in the United States, with 
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peak incidence among adults aged 40–65 years 
(Perrin and Laxton  2004 ; Kwok et al.  2006  ) . Men 
are affected more often than women, likely 
because of the propensity of prostate cancer to 
metastasize to the spine (Perrin and Laxton  2004 ; 
Zaikova et al.  2011  ) . MESCC occurs in the set-
ting of many primary malignancies, although 
breast, lung, and prostate primary disease account 
for approximately 50% of cases (Byrne  1992  ) . 
Breast and lung cancer appear more likely to 
cause spinal metastases than prostate cancer 
(Gerszten and Welch  2000  ) . Some studies have 
estimated that 5–10% of cancer patients will suf-
fer from spinal metastases during the disease 
course (Barron et al.  1959 ; Schaberg and Gainor 
 1985 ; Bach et al.  1990  ) . In patients with spinal 
metastases, MESCC was the initial presenting 
event in 20% of patients in one series (Schiff 
et al.  1997  ) , and only 16% of patients in another 
population-based study presented with a solitary 
lesion (Zaikova et al.  2011  ) . Approximately 2.5% 
of cancer patients in one study were admitted to 
the hospital because of MESCC during the last 

5 years of life (Loblaw et al.  2003  ) . In patients 
requiring treatment for MESCC, one study 
showed median survival of approximately 
3 months (Loblaw et al.  2003  ) , while another 
showed median survival of 5 months, with 26% 
of patients dying within 2 months of treatment 
(Zaikova et al.  2011  ) . Approximately 30% of 
patients presenting with MESCC will survive 
1 year or longer (Rades et al.  2011 ; Zaikova et al. 
 2011  ) . Survival after treatment has been associ-
ated with primary site, with patients with mela-
noma, renal cell carcinoma, gastrointestinal 
cancer, and unknown primary disease showing 
shorter survival after treatment (Zaikova et al. 
 2011  ) . 

 The majority of metastases occur in the 
thoracic spine, although metastasis is possible 
anywhere in the spine (Constans et al.  1983 ; 
Bach et al.  1990 ; Helweg-Larsen  1996  ) . 
Anatomically, MESCC may involve neoplasia 
in any portion of the spinal canal, with or 
without involvement of the vertebral body 
(Fig.  31.1 ). The metastasis arises in the vertebral 

  Fig. 31.1    Locations of 
metastases to the spine. Most 
tumor emboli are found in the 
vertebral column surrounding 
the spinal cord, with the 
posterior half of the vertebral 
body being the most common 
initial focus ( upper left inset ). 
Tumor can also originate in a 
paravertebral location and 
track along the spinal nerves 
to enter the spinal column by 
way of the neural foramina 
( lower right inset ). Both of 
these mechanisms can lead to 
epidural spinal cord 
compression. Intramedullary 
and subdural/leptomeningeal 
metastatic deposits are rarely 
encountered ( middle inset ) 
(Reprinted with permission 
from Klimo and Schmidt 
 2004 . Copyright reserved by 
AlphaMed Press)       
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body in 85% of cases, the paravertebral space 
in 10–15%, and the subarachnoid, subdural, or 
epidural space in under 5% of cases (Byrne 
 1992  ) . Approximately 30% of patients with 

epidural metastases have multiple lesions 
(Schiff et al.  1998  ) . Imaging of the entire spine 
is paramount, as failure to do so may miss as 
many as 20% of additional lesions (Schiff et al. 
 1998  ) .  

 Management of metastatic cancer is com-
plex and requires a multidisciplinary approach 
involving surgical and medical specialists. In 
this chapter, we seek to provide a broad but 
concise discussion of management options of 
MESCC. Treatment of metastatic spinal dis-
ease that does not cause cord compression will 
be included as part of this discussion. We 
believe this is appropriate, because the natural 
history of spinal metastases frequently leads to 
MESCC and the treatment options for spinal 
metastases not causing MESCC are the same 
as those for MESCC. Whether surgery or radio-
therapy (XRT) or both is performed, the goals 
of treatment—local control for neurological 
preservation and mechanical stability—are the 
same. Evaluation and treatment of suspected 
MESCC should be urgent, and intervention 
should occur within 24 h (National Institute for 
Health and Clinical Excellence  2008  ) .  

   Surgery for Epidural Metastases 

 Initially, surgery for MESCC involved laminectomy 
alone, with or without XRT (Fig.  31.2 ). The 
results were generally disappointing, as posterior 
decompression alone often did not address the 
location of the neoplastic process (Young et al. 
 1980  ) . As discussed above, most spinal metastases 
occur in the vertebral body and cause neurologic 
decline with secondary extension into the spinal 
canal or neural foramen. In 1984, Sundaresan 
et al.  (  1984  )  reported a large group of patients 
with MESCC in whom ambulation was preserved 
with vertebral column resection from an anterior 
approach. The ambulation rate improved from 
48% preoperatively to 78% postoperatively, and 
pain decreased in 84% of patients undergoing 
surgery (Sundaresan et al.  1984  ) . Coincident with 
this report, others authors reported case series 
with similar outcomes using more complete 
resection of metastatic lesions (Siegal et al.  1982 ; 

  Fig. 31.2    Surgical approaches to the spine. The  shaded 
areas  indicate the bone removed in each of the 
approaches. ( a ) Laminectomy. The spinous process and 
the adjacent lamina are removed up to the junction of the 
pedicles. This was the standard surgical procedure for 
many years regardless of where the tumor was actually 
located within the vertebra. It can still be used for dis-
ease isolated to the posterior elements. ( b ) Transthoracic 
or retroperitoneal. These anterior approaches provide 
direct access to the vertebral body in the thoracic (transt-
horacic) and thoracolumbar/lumbar regions (retroperito-
neal). ( c ) Posterolateral. For patients who cannot tolerate 
an anterior approach or who have signi fi cant posterior 
extension of their disease, a posterolateral approach pro-
vides excellent access to both the anterior and posterior 
elements. The  inset  shows the skin incisions for each of 
the approaches. The laminectomy ( a ) and posterolateral 
( b ) approaches can be performed through a midline inci-
sion. The transthoracic ( upper ‘B’ line ) and retroperito-
neal approaches ( lower ‘B’ line ) require  fl ank incisions 
(Reprinted with permission from Klimo and Schmidt 
 2004 . Copyright reserved by AlphaMed Press)       
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Harrington  1984 ; Overby and Rothman  1985  ) . 
As data supporting more extensive surgical 
approaches to metastatic spinal lesions accrued, 
concurrent improvements in surgical techniques 
provided better strategies for stabilization after 
resection.  

 A landmark randomized control trial sup-
ported use of surgical decompression in patients 
with a single lesion causing MESCC when the 
likely primary site was not known to be exqui-
sitely sensitive to XRT (Patchell et al.  2005  ) . 
This study included 101 patients who were ran-
domized either to surgery with adjuvant XRT or 
to XRT alone. Exclusion criteria included 
patients with more than one site of MESCC and 
those with known primary types of small cell 
lung carcinoma, myeloma, and lymphoma. 
After treatment, 84% of patients in the surgical 
group were able to walk, whereas 57% of 
patients in the radiotherapy-alone group were 
walking. Additionally, patients who underwent 
surgery plus XRT remained ambulatory for a 
median of 122 days, where the XRT alone group 
did so for a median of 13 days (Patchell et al. 
 2005  ) . This study supported the use of decom-
pressive surgery in addition to XRT for a 
speci fi c and well-de fi ned group of patients—
those suffering acute (<48 h) neurological 
symptoms from a single lesion with a known 
primary site, excluding those with exquisitely 
radiosensitive primary disease. Interestingly, 
patients who underwent surgery in this land-
mark study also showed a survival bene fi t of 
26 days (median 126 versus 100 days) (Patchell 
et al.  2005  ) . 

 After Patchell et al.  (  2005  )  de fi nitively sup-
ported the use of surgery for the preservation and 
improvement of neurologic function in the setting 
of MESCC, consideration of surgery became more 
important. The many technical advancements in 
spinal instrumentation that have occurred in the 
past several decades will not be reviewed here; 
however, we note that improvements in surgical 
 fi xation have increased the ability of surgeons to 
offer successful cytoreductive and stabilizing 
surgeries. The particular techniques used are well 
reviewed elsewhere (Klimo and Schmidt  2004 ; 
Quraishi et al.  2010  ) .  

   Radiotherapy for Epidural Metastases 

 Although early surgical strategies sometimes 
involved adjuvant XRT for the treatment of 
MESCC, the use of XRT for metastases has 
evolved over time in concert with evolving tech-
nology in the  fi eld of radiation oncology. Most 
recently, development of stereotactic radiosur-
gery (SRS) has broadened the armamentarium 
with which neurosurgeons and radiation oncolo-
gists may treat MESCC. SRS allows for higher 
treatment doses without a coincident increase in 
irradiation of unaffected, adjacent structures by 
utilizing image guidance and stereotaxis to target 
the affected area (Fig.  31.3 ).  

 XRT is a noninvasive treatment, but side 
effects and toxicity can limit the ability to toler-
ate a treatment course. Nevertheless, in one large 
series, 94% of patients completed the recom-
mended fractionated XRT (Zaikova et al.  2011  ) . 
Although a detailed discussion of radiation 
biology and the molecular effects of XRT on nor-
mal spinal cord is outside the scope of this chap-
ter, a short discussion of dose toxicity is warranted. 
Conventional external beam XRT has limited 
ability to contour radiation treatment to exclude 
normal anatomy. Inability to contour the treat-
ment plan increases the chances of dose toxicity 
to surrounding structures. In treatment of spinal 
metastases, the spinal cord typically causes the 
greatest concern for treatment toxicity. Radiation of 
the spinal cord may lead to myelopathy, although 
the risk of symptomatic myelopathy after conven-
tional XRT appears to be low (Kirkpatrick et al. 
 2010  ) . A review of studies of XRT to cervical 
spine metastases revealed 14 of 335 (4.2%) 
patients demonstrated symptoms of myelopathy 
after treatment using a variety of treatment plans 
(Kirkpatrick et al.  2010  ) . Conventional XRT to 
the thoracic spine exhibits a lower incidence of 
post-treatment myelopathy at 2.8% (55 of 1946 
patients) (Kirkpatrick et al.  2010  ) . These rates 
are quite low, but treatment dosing has been 
guided by preclinical studies showing myelopathy 
as severe as paralysis in animal models. Of note, 
preclinical studies have shown variation in 
radiosensitivity of white matter and gray matter 
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in the cervical spinal cord (Bijl et al.  2005  ) . The 
central gray matter appears to be more resistant 
to the effects of radiation, while the white matter 
exhibits changes at much lower dosages, and 
white matter necrosis is present in rats suffering 
from radiation-related paralysis (Bijl et al. 
 2005  ) . 

 Traditionally, fractionated external beam 
radiation was used for treatment, with a total of 
30 Gy given to the  fi eld over a period of ten ses-
sions (Kwok et al.  2006  ) . This treatment para-
digm has signi fi cant limitations, as the initial 
technology did not allow accurate and confor-
mal treatment planning. In a recent nonrandom-
ized study, patients were treated with either 
hypofractionated radiotherapy (8 Gy × 1 session 
or 5 Gy × 4 sessions) or with varying schedules 
of standard fractionated radiotherapy (3 Gy × 10 

sessions, 2.5 Gy × 15 sessions, or 2 Gy × 20 ses-
sions) (Rades et al.  2011  ) . The results of this 
study, which involved patients with a wide vari-
ety of primary lesions, showed similar motor 
outcomes between the two treatments. A trend 
towards improved survival was shown in the 
standard groups, with 30% of patients alive at 
1 year in the standard group versus 23% of 
patients in the hypofractionated group (Rades 
et al.  2011  ) . The authors found a signi fi cant dif-
ference in local recurrence rates at 1 year (61% 
in the hypofractionated group versus 81% in the 
standard group) (Rades et al.  2011  ) . This study 
suggests that short-term (i.e., weeks to months) 
outcomes concerning motor function and pain 
assessments are similar between hypofraction-
ated and standard XRT algorithms, thus sup-
porting the use of less demanding treatments in 

  Fig. 31.3    IMRT. This 56-year-old man has metastatic 
lung cancer to the left paraspinal region in the midthoracic 
area. ( a ) Axial model of the patient showing the location 
of his tumor with respect to the spinal cord and lungs and 
the radial arrangement of the beams. ( b ) Axial, ( c ) coro-
nal, and ( d ) sagittal images of the planned treatment 

showing the isodose lines: 100% ( yellow ), 90% ( dark 
blue ), 80% ( light blue ), 50% ( green ), 30% ( purple ), and 
20% ( orange ). The spinal cord is outlined in  yellow . Note 
how the beams are contoured to avoid the spinal cord 
(Reprinted with permission from Klimo and Schmidt 
 2004 . Copyright reserved by AlphaMed Press)       
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patients with signi fi cant impairment but short 
expected survival. This study con fi rmed the 
 fi ndings of an earlier randomized-controlled 
trial that showed equivalent pain relief between 
single fraction (8 Gy × 1 session) and a longer 
treatment paradigm (5 Gy × 4 sessions) (Nielsen 
et al.  1998  ) . 

 The advent of SRS for treatment of extracra-
nial neoplasms has allowed for improvements 
in dosimetry planning for spinal metastases 
and shorter, more tolerable treatment periods 
(Gerszten et al.  1995 ; Chang et al.  2007 ; Sheehan 
et al.  2009  ) . Additionally, more than one lesion 
may be safely targeted without necessarily 
increasing the radiation dose to critical unaf-
fected structures. Sheehan et al.  (  2009  )  reported 
excellent local control in patients by using SRS 
(mean tumoral dose 17.3 Gy; range 10–24 Gy) 
as a primary or adjunctive treatment for MESCC. 
In 40 patients with 110 masses and a median 
follow-up of 12.7 months, 72% of patients with 
lung cancer and 64% of patients with prostate 
cancer metastases showed radiographic response 
to treatment. Yamada et al.  (  2008  )  reported 
excellent control in a wide variety of primary 
disease types using intensity-modulated radio-
therapy and tumoral doses of 18–24 Gy and 
showed convincingly the improvement in local 
control with increasing dose given to a lesion. 
Local control in this study was 90%, with a 
median follow-up of 15 months (Yamada et al. 
 2008  ) . Similarly, Gerszten et al.  (  2007  )  presented 
500 patients treated with SRS (median tumoral 
dose 20 Gy; range 12.5–25 Gy) for a wide variety 
of primary disease, showing 88% radiographic 
control across all patients at last follow-up. 
Radiographically, SRS has been shown to 
decrease tumor volume by up to two thirds within 
2 months, with durable improvement in thecal 
sac compression (Ryu et al.  2010  ) . Advances in 
three-dimensional planning and technology have 
allowed treatment of larger masses with increasing 
doses of radiation without increasing risk of 
toxicity to surrounding structures (Bilsky et al. 
 2004 ; Chang et al.  2007 ; Gerszten et al.  2007 ; 
Yamada et al.  2008  ) . An increasing amount of 
data has demonstrated the safety and utility of 
conformal XRT when used as primary or as 

adjunctive treatment in the management of 
metastatic spinal disease.  

   Discussion 

 Metastatic spinal disease occurs in up to 40% of 
cancer patients, and MESCC occurs in up to 10% 
(Barron et al.  1959 ; Schaberg and Gainor  1985 ; 
Bach et al.  1990  ) . As the population ages and 
mortality decreases from non-neoplastic chronic 
medical illnesses, MESCC may increase in inci-
dence. Management of MESCC will continue to 
be a challenging issue, as there are multiple 
factors to consider when deciding on treatment. 
Rarely will surgery alone be considered adequate 
treatment. XRT either via conventional fraction-
ated XRT or via SRS provides approximately 
90% local control of a variety of primary cancers 
(Gerszten et al.  2007 ; Yamada et al.  2008 ; 
Sheehan et al.  2009 ; Zaikova et al.  2011  ) . 
However, XRT by any method cannot provide 
re-stabilization of a spine with destabilizing neo-
plastic disease. 

 Different methods for quantifying spinal 
stability in the context of neoplastic illness 
have been proposed (Kostuik and Weinstein 
 1991 ; Fourney et al.  2011  ) . Regardless of 
method, it is clear that some patients will 
require surgical stabilization in the course of 
treatment. Given the improved methods of 
addressing metastases regardless of which por-
tion of the vertebral column is involved 
(Quraishi et al.  2010  ) , surgical decompression 
must be considered should the patient be healthy 
enough to undergo surgery. Given the speci fi c 
situations in which surgical intervention is indi-
cated (Patchell et al.  2005  ) , multidisciplinary 
evaluation of each patient with MESCC is 
warranted to ensure that treatment is enacted 
urgently, whether surgery or XRT is determined 
to be the primary treatment. Technological 
advancements in XRT allow much higher doses 
of radiation to the tumoral bed while preserving 
surrounding structures, so cancers once per-
ceived to be radioresistant may now show 
improved outcomes when treated with highly 
conformal XRT. 
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 Direct comparison of surgery and XRT for 
treatment of metastatic spinal disease is fraught 
with confounding factors such as patient age, 
health, presence of additional metastatic disease, 
involvement of multiple spinal levels, and radio-
sensitivity of the neoplasm. Whether or not 
surgery is performed, nearly all patients healthy 
enough to undergo XRT will be offered it. Despite 
the dif fi culty directly comparing surgery and 
XRT, comprehensive care of cancer patients 
requires the availability of both. 

 In conclusion, metastatic spinal disease affects 
a large portion of cancer patients. MESCC causes 
signi fi cant disability in cancer patients, and 
requires urgent treatment. Advances in surgical 
and radiation treatments have broadened the 
options available to the cancer patient and 
improved quality of life and local control possi-
ble with treatment. A multidisciplinary approach 
to the cancer patient with MESCC is required for 
optimal patient-centered care.      
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  Abstract 

 Synovial sarcoma is rare, and metastasis of 
synovial sarcoma to the spine is even rarer. 
Surgeons should have a high index of suspicion 
when evaluating patients who present with a 
history of synovial sarcoma, a spine lesion, and 
concomitant back pain and neurologic symptoms. 
Thorough radiological work-up should include 
CT and MRI in order to con fi rm the diagnosis 
and ensure appropriate management. Although 
not curative, surgical resection followed by 
spinal decompression, fusion, and  fi xation can 
lead to neurologic improvement in patients who 
present with spinal cord compression. 

 In this chapter, two illustrative cases are pre-
sented describing the surgical treatment of spi-
nal cord compression caused by metastatic 
synovial sarcoma. The clinical presentation and 
prognostic factors of synovial sarcoma are dis-
cussed, as well as its cellular and histopatho-
logic classi fi cation. Methods of diagnosis are 
described, which include histopathology, 
immunohistochemistry, and molecular studies, 
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as well as the use of radiographs, CT, and MRI. 
Lastly, the treatment of both primary and meta-
static synovial sarcoma is discussed, with sec-
tions on surgery, radiation, and chemotherapy.      

   Introduction: Spinal Metastases 

 Metastases will develop in approximately two-
thirds of patients with cancer (Ratliff and Cooper 
 2004  ) . The skeletal system is the third most com-
mon site of metastasis after lungs and liver. Within 
the skeletal system, the spine is the most common 
location for metastatic deposits (Ratliff and Cooper 
 2004 ; Holman et al.  2005 ; Quraishi et al.  2010  ) . 

 The most common cancers involving the spine 
are prostate (90%), breast (75%), melanoma (55%), 
lung (45%), and renal cell carcinoma (30%) (Ratliff 
and Cooper  2004  ) . Symptomatic metastatic spinal 
cord compression is seen most frequently in can-
cers of the breast (22%), lung (15%), and prostate 
(10%). Clinical evidence of spinal cord, cauda 
equina, or nerve root compromise is seen in 5% of 
all cancer cases (Ratliff and Cooper  2004  ) . 

 Emergent evaluation is required when a patient 
presents with metastatic disease and concomitant 
neurologic de fi cit due to spinal cord or nerve 
root compromise (Ratliff and Cooper  2004  ) . 
Metastatic disease involving the spine can cause 
a variety of neurologic de fi cits from mild radicu-
lar weakness to paraparesis. An initial mild weak-
ness may be followed by gradual progression due 
to increasing compression of the spinal cord, 
cauda equina, and nerve roots. Vertebral body 
metastases may cause local, radicular, or axial 
pain (Ratliff and Cooper  2004 ; Holman et al. 
 2005  ) . A pathologic fracture or vertebral body 
fracture/dislocation may cause an acute onset of 
severe back pain (Ratliff and Cooper  2004  ) . 

 The incidence of metastatic epidural spinal cord 
compression (MESCC) in patients with extraspinal 
soft tissue sarcomas is ~3% (Merimsky et al.  2004  ) . 
Approximately 90% of patients present with local 
and/or radicular pain, and up to 50% of patients may 
have sensory and/or bladder/bowel dysfunction and 
be non-ambulatory (Loblaw and Mitera  2011  ) . 
Spinal cord compression is an emergent event and 
may lead to long-lasting disability in patients who are 

misdiagnosed or treated unsuccessfully (Merimsky 
et al.  2004  ) . If untreated, the patient may develop 
intractable and progressive pain, paralysis, sensory 
loss, and sphincter dysfunction. Spinal metastases 
can have a signi fi cant impact on the amount of time a 
patient spends in the hospital, and median survival 
after diagnosis of MESCC is only 3–5 months 
(Merimsky et al.  2004 ; Loblaw and Mitera  2011  ) . 

 Nearly all major types of systemic cancers can 
spread to the spine, and spinal metastases can 
occur at any time during the patient’s primary 
disease course (Ratliff and Cooper  2004  ) . In 
postmortem studies of patients with cancer, 
metastases in the spine have been seen in ~90% 
of patients (Holman et al.  2005 ; Quraishi et al. 
 2010  ) , and symptomatic metastatic spinal disease 
has been seen in ~30% of patients (Ratliff and 
Cooper  2004 ; Holman et al.  2005  ) . 

 The thoracic region is the site of 70% of spinal 
metastases, compared to only 20% in the lumbar 
region and 10% in the cervical region (Holman 
et al.  2005  ) . Metastatic spinal lesions may be 
asymptomatic, though at least 90% of patients 
present with back pain (Ratliff and Cooper 
 2004  ) . The pain may gradually increase as the 
vertebral body is progressively destroyed, and 
movement may worsen the pain.  

   Background: Synovial Sarcoma 

 Synovial sarcoma is a rare malignant soft tissue 
neoplasm of uncertain differentiation (Fletcher 
et al.  2002  ) , which comprises <1% of all malig-
nancies and only 5–10% of all soft tissue sarco-
mas in adults (Baptista et al.  2006 ; Eilber and 
Dry  2008 ; Sultan et al.  2009 ; Koehler et al.  2009 ; 
Puffer et al.  2011  ) . It is a high-grade tumor and is 
considered to have a poor prognosis compared 
with other soft tissue sarcomas (Eilber et al. 
 2007  ) . The annual incidence is ~2–3 cases per 
100,000 people (Sakellaridis et al.  2006 ; Sultan 
et al.  2009  ) , with <5,000 cases each year in the 
United States (Fedors et al.  2010  ) . 

 Synovial sarcoma is the fourth most common 
adult soft tissue sarcoma (Baptista et al.  2006 ; 
Fedors et al.  2010  ) , and the third most common 
adult extremity soft tissue sarcoma (Eilber and 
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Dry  2008 ; Koehler et al.  2009  ) . Unlike some 
other soft tissue histologies, synovial sarcoma 
has no speci fi c predisposing etiological agent or 
genetic condition (Eilber and Dry  2008 ; Fedors 
et al.  2010  ) . Synovial sarcoma has no predilec-
tion for ethnicity or gender. 

 Synovial sarcoma occurs primarily in the 
extremities of adolescents and young adults between 
the ages of 15–40, with median age of 35 years 
(Eilber and Dry  2008 ; Koehler et al.  2009 ; Sultan 
et al.  2009 ; Fedors et al.  2010 ; Puffer et al.  2011  ) . 
Most other soft tissue sarcomas in adults occur in 
the 50s (Eilber and Dry  2008 ; Koehler et al.  2009 ; 
Fedors et al.  2010  ) . Approximately 30% of cases 
occur before the age of 20 (Laor  2004 ; Sultan et al. 
 2009 ; Puffer et al.  2011  )  and 90% occur before the 
age of 50 (Sakellaridis et al.  2006  ) . 

 These tumors are commonly found adjacent to 
joints in the soft tissue of the extremities and bear 
microscopic resemblance to developing syn-
ovium (Eilber and Dry  2008  ) ; thus, they com-
monly have been designated tumors of the 
synovium. The name is a misnomer (Ravnik 
et   al.  2009  )  because no evidence indicates that 
synovial sarcoma derives from or differentiates 
toward synovial tissue (Fletcher et al.  2002 ; 
Eilber and Dry  2008 ; Koehler et al.  2009 ; Fedors 
et al.  2010 ; Puffer et al.  2011  ) . Ultrastructural 
studies and immunochemistry have identi fi ed the 
cells of origin as epithelial (Eilber and Dry  2008 ; 
Koehler et al.  2009 ; Puffer et al.  2011  ) , arising 
from undifferentiated mesenchymal tissues (Laor 
 2004 ; Suh et al.  2005 ; Davicioni et al.  2008  ) . 
Despite the advances in understanding of its 
molecular biology, its cellular genesis remains 
unclear (Ladanyi et al.  2002 ; Greene et al.  2006 ; 
Davicioni et al.  2008  ) . 

 Synovial sarcoma may occur at any anatomi-
cal site (Fletcher et al.  2002 ; Baptista et al.  2006 ; 
Eilber and Dry  2008  ) , though >80% arise in deep 
soft tissues adjacent to joints or tendon sheaths of 
an extremity, especially the lower extremity (Laor 
 2004 ; Baptista et al.  2006 ; Eilber and Dry  2008 ; 
Ravnik et al.  2009 ; Fedors et al.  2010 ; Puffer 
et al.  2011  ) , and particularly the knee (Fletcher 
et al.  2002 ; Suh et al.  2005 ; Fedors et al.  2010 ; 
Puffer et al.  2011  ) . The majority of tumors (40–
50%) are found within 5–7 cm of a joint (Fedors 

et al.  2010  ) , and the most common location is the 
knee. Only ~5% of cases arise within a joint or 
bursa (Fletcher et al.  2002 ; Puffer et al.  2011  ) , 
and these intra-articular lesions are often more 
aggressive (Fedors et al.  2010  ) . 

 Only ~20% of all primary synovial sarcomas 
arise in nonextremity sites (Guillou et al.  2004 ; 
Ferrari et al.  2004 ; Suh et al.  2005 ; Eilber and Dry 
 2008  ) . Up to 15% are found in the body axis 
(Koehler et al.  2009 ; Puffer et al.  2011  ) , including 
the trunk (~8%) (Ferrari et al.  2004 ; Guillou et al. 
 2004 ; Eilber and Dry  2008  ) ; the head and neck 
(~5%) (Ferrari et al.  2004 ; Guillou et al.  2004 ; 
Murphey et al.  2006 ; Eilber and Dry  2008 ; Koehler 
et al.  2009 ; Fedors et al.  2010  ) ; the pelvis (~8%) 
(Murphey et al.  2006 ; Fedors et al.  2010  ) ; the tho-
rax/chest wall (~7%) (Murphey et al.  2006 ; Fedors 
et al.  2010  ) ; and the retroperitoneum/abdomen 
(~7%) (Ferrari et al.  2004 ; Guillou et al.  2004 ; 
Murphey et al.  2006 ; Eilber and Dry  2008 ; Koehler 
et al.  2009 ; Fedors et al.  2010  ) .  

   Illustrative Case 1: Metastatic 
Synovial Sarcoma with Cervical Spinal 
Cord Compression Treated with 
Posterior Ventral Resection 

 A 26-year-old female presented in May 2007 with 
neck pain and left arm weakness. The patient’s 
history was signi fi cant for metastatic synovial sar-
coma. At ~age 10, while living in Mexico, the 
patient was diagnosed with synovial sarcoma in 
the right knee, which was resected. Three addi-
tional resections were performed for three subse-
quent recurrences. The fourth recurrence, at 
~18 years of age, was resected and followed by 
radiation. Shortly after this, the patient immigrated 
to the United States. Five years later, in the fall of 
2004, the tumor recurred in the right knee and right 
thigh. The patient underwent seven cycles of che-
motherapy,  fi nishing in May 2005. For the next 
20 months, she did well without any symptoms. In 
January 2007, a mass was found in the lung. 
Pathological evaluation of that resected mass was 
consistent with monophasic synovial sarcoma. 

 Ten weeks after resection of the lung mass, the 
patient was informed by the cancer service at our 
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medical center that she had widely extensive 
metastatic disease. Four weeks later, she pre-
sented to our service with neck pain and left arm 
weakness. Neurological examination revealed 
motor strength to be 5/5 in all muscle groups of 
the upper and lower extremities, with the excep-
tion of the left upper extremity. She was found to 
have 3/5 left deltoid strength, 3/5 left biceps, 4+/5 
left triceps, and 5/5 left hand grip strength. The 
rest of the neurological exam was normal. 

 Computed tomography (CT) of the cervical 
spine showed lytic destruction of the dens and 
body of C2 with narrowing of the spinal canal 
and compression of the cord at that level. There 
was also an adjacent soft tissue component 
extending into the prevertebral soft tissues, and a 
pathologic fracture with complete disassociation 
of the dens from the body of C2 without signi fi cant 
displacement (Fig.  32.1 ). CT of the thoracic spine 
revealed lytic lesions involving the T4 vertebral 
body centrally as well as the right aspect of the 
T6 and T7 vertebral bodies and the posterior T8 
and T11 vertebral bodies.  

 MRI of the cervical spine revealed a mass 
replacing most of the C2 vertebral body. The 
enhancing soft tissue extended into the preverte-
bral space anterior to C2 and C3. There was an 
additional bilateral paravertebral component 
extending throughout C2 and C3. There was also 
extension on the posterior aspects of the C2-C4 
vertebral bodies with an epidural component 

identi fi ed (Fig.  32.2 ). The epidural tumor caused 
marked narrowing of the spinal canal to ~5 mm 
and mass effect on the cord. The left vertebral 
artery was not well visualized at the level of the 
mass between the C2 and C4 levels, which was 
suspicious for vertebral artery occlusion.  

 Preoperative staging of the neoplasm was not 
necessary because widely metastatic disease was 
con fi rmed only 1 month prior to consultation. 
Because of the extent of the ventral tumor, the 
patient underwent a C2-C3 laminectomy, poste-
rior C2 corpectomy with occipital-C7  fi xation, 
and allograft fusion. After the laminectomy was 
performed, the pars and pedicles were resected 
bilaterally, allowing access to the ventral epidural 
space. The tumor was then debulked and the spi-
nal cord decompressed. Post-surgical radiographs 
of the cervical spine revealed the resection of the 
C2 vertebral body. Post-operatively the patient’s 
left upper extremity strength became normal. 
Due to the patient’s poor prognosis and known 
metastatic disease, complete resection by an 
anterior approach was not attempted. 

 Pathological evaluation of both the soft tissue 
and bone revealed malignant spindle cell tumor 
consistent with metastatic sarcoma, primarily syn-
ovial with some areas associated with a slight 
myxoid to lipoblastic appearance. The histological 
appearance of the tumor was essentially the same 
as that seen in previous sections from the knee and 
lung; the tumor was composed of mitotically active 

  Fig. 32.1    Sagittal CT ( a ) shows tumor destroying C2. Axial CT ( b ) shows tumor involvement at C2. Post-operative 
sagittal CT ( c ) study shows resection of the C2 body and placement of hardware       
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spindle cells arranged in a fascicular pattern, with 
no epithelial component identi fi ed, typical of 
monophasic synovial sarcoma (Fig.  32.3 ).  

 The patient did well post-operatively and was 
transferred to the medicine service several days 
postoperatively, where she continued to improve. 
Physical therapy was continued as tolerated. One 
month after surgery, the patient was to undergo 
palliative chemoradiation but developed fever, 
leukocytosis and acidosis, and then ultimately 
became septic. CT scans showed multiple metas-
tases to the liver and abdominal parenchyma. 
She was no longer eligible for systemic chemo-

therapy and radiation therapy due to the heavy 
tumor burden. She died 6 months post-operatively 
of disease progression.  

   Illustrative Case 2: Thoracic Spinal 
Cord Compression Secondary to 
Metastatic Synovial Sarcoma 

 A 47-year-old man presented with a 3-month 
history of low back pain radiating to the 
right side of the midline. He had a history of 
synovial sarcoma of the right lower back, originally 

  Fig. 32.2    Sagittal T2 MRI ( a ) of the cervical spine shows 
tumor in the cervical ventral epidural space from C2-C5, 
and anterior to the body of C2. Pathologic analysis 

revealed synovial sarcoma. Axial T2 MRI ( b ) shows 
tumor compressing the spinal cord as well as in front of 
the C2 body       

  Fig. 32.3    ( a ) (2004 recurrent tumor in the right knee) 
This monophasic synovial sarcoma is characterized by a 
monotonous population of spindle cells arranged in sheets 
and fascicles in a collagenous stroma. Mitotic  fi gures are 
present, however the mitotic index is low (typically <10/50 
hpf). The nuclei are elongated with pointed ends and the 
cytoplasm lacks conspicuous cell borders. ( b ) (2007 lung 
tumor) This lung metastasis is histologically identical to 
the previously resected knee tumor. Again the tumor is 
characterized by fascicles and sheets of uniform spindle 

cells. This hypercellular tumor is admixed with eosino-
philic  fi brous stroma. Neither of these tumors contained 
unfavorable histologic features such as high mitotic count 
(>15/10 hpf), the presence of rhabdoid features, tumor 
necrosis, or poorly differentiated histology. ( c ) (2007 C2 
vertebral body) The bone metastasis shown here is identi-
cal to those from the knee and lung. The section is pale 
due to decalci fi cation, but the hypercellular sheets of spin-
dle cells are still appreciated. The metastatic tumor com-
pletely replaces the normal marrow cavity       
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diagnosed in 1992 at age 38, and staged as III 
a,b (T1, N0, M0, GIII) when initially resected. 
This was followed by external beam radiation 
treatment for 7 weeks. The patient presented in 
1997 with metastasis to the left upper lobe of 
the lung and subsequently underwent thoraco-
tomy with lobectomy, followed by a second sur-
gery for recurrence 4 months later. In 1998, the 
patient was found to have a penile lesion, which 
was biopsied and found to be consistent with 
synovial sarcoma. He subsequently received a 
70 Gy radiation treatment. In 2000, he under-
went total penectomy and perineal urethrostomy 
for recurrent synovial sarcoma, with an unevent-
ful postoperative course. 

 The patient began complaining of low back 
pain 7 months later, which was controlled ini-
tially by anti-in fl ammatory medication and mor-
phine. The patient also complained of lower 
extremity paresthesias but did not complain of 
any bowel or bladder incontinence. Neurological 
examination was normal. MRI of the thoracolum-
bar spine demonstrated lesions in  fi ve contiguous 
segments with circumferential compression at 
T11-T12, with the mass at T12 compressing the 

spinal cord (Fig.  32.4 ). The patient underwent 
T11-T12 laminectomy, transpedicular decom-
pression, tumor debulking, T7-L3 transverse pro-
cess fusion with iliac crest bone graft, and pedicle 
screw  fi xation. The tumor, which appeared to be 
encapsulated, could be seen ventral and lateral to 
the spinal cord. Much of the tumor had a liquid 
consistency and was suctioned out easily.  

 Pathological evaluation revealed synovial sar-
coma consistent with previously recovered tissue, 
representing a highly cellular small cell malig-
nant neoplasm with tumor cells having scant 
cytoplasm, occasionally demonstrating eccentric 
small hyperchromatic nuclei, seemingly pushed 
aside by eosinophilic cytoplasm lending some of 
the tumor cells a somewhat “rhabdoid” shape 
(Fig.  32.5 ). The tumor cells also could be seen as 
compressing capillary blood vessels to a narrow 
slit; however, the endothelial lining cells of those 
vessels appeared normal, though slightly elon-
gated under the pressure. The close apposition of 
tumor cells to the small vessel walls extending to 
the immediate subependymal layer of the vessels 
is highly reminiscent of the pattern seen in 
hemangiopericytomas. This subgroup of synovial 

  Fig. 32.4    Sagittal ( a ) and axial ( b ) T2-weighted MRI images show multiple spine metastases. There is spinal cord 
compression at T12       
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sarcomas has (at least focally) a pattern very sim-
ilar to that of hemangiopericytomas. In addition, 
in many areas of the excised tumor, numerous 
intraluminal tumor cells could also be observed 
in the blood vessels (mostly capillaries and 
venules). The patient did well postoperatively 
and was discharged to home on postoperative day 
4. Subsequent post-operative X-rays showed the 
hardware in place. He remained neurologically 
normal. The patient died 6 months after surgery 
due to progression of disease.   

   Clinical Presentation of 
Synovial Sarcoma 

 The presentation of synovial sarcoma is similar 
to that of other sarcomas, with an initially pain-
less, palpable, well-circumscribed multinodular 
mass that enlarges slowly (Laor  2004 ; Koehler 
et al.  2009 ; Ravnik et al.  2009 ; Fedors et al.  2010 ; 
Puffer et al.  2011  ) . The average duration of symp-
toms prior to diagnosis is 2–4 years (Murphey 
et al.  2006  ) , and 20-year histories have been 
reported (Fletcher et al.  2002  ) . Diagnosis may be 
delayed or incorrect because of the prolonged 
signs and symptoms, deceptive indolent imaging 
 fi ndings, and long periods of dormancy preced-
ing a period of aggressive, rapid growth (Fedors 
et al.  2010  ) . Most lesions are 3–5 cm, but they 
may grow to 15 cm or larger (Sakellaridis et al. 

 2006  ) ; 85% of synovial sarcomas are >5 cm 
(Koehler et al.  2009  ) . 

 The size and location of the tumor affect the 
presenting clinical symptoms. Tumors originating 
in an extremity may present with swelling or pain, 
and if the tumor is located near a joint, range of 
motion may be limited (Foreman and Stahl  2011  ) . 
Pain and tenderness at the site may occur if the 
tumor begins to press on nerves or muscles, but 
pain without a corresponding palpable lesion has 
also been reported (Fedors et al.  2010  ) , as has the 
presence of a lesion without pain (Fletcher et al. 
 2002  ) . Tumors arising at non-extremity sites can 
present with symptoms related to mass effect on 
adjacent structures (Fletcher et al.  2002 ; Ravnik 
et al.  2009  ) . Compression of nerves by the grow-
ing tumor may cause the gradual onset of neuro-
logical de fi cits (Foreman and Stahl  2011  ) .  

   Cellular and Histopathologic 
Classi fi cation of Synovial Sarcoma 

 Synovial sarcoma continues to be one of the most 
aggressive soft-tissue sarcomas, despite improve-
ments in staging, surgical methods, and adjuvant 
treatments (Baptista et al.  2006  ) . Synovial sarco-
mas are considered primarily high-grade soft-
tissue sarcomas (Eilber and Dry  2008  ) , although 
in some cases the biologic behavior can be more 
benign (Baptista et al.  2006  ) . While the tumor 

  Fig. 32.5    ( a ) (2001 “spinal epidural and vertebral tis-
sue”) In contrast to the  fi rst case, this tumor is composed 
predominantly of small blue cells with very little cyto-
plasm admixed with hyalinized pink stroma. Histology 
alone would not be enough to diagnosis synovial sarcoma. 

In these tumors with less differentiation, cytogenetic and 
molecular ancillary tests are required. ( b ) (2001 “spinal 
epidural and vertebral tissue”) This metastasis was char-
acterized predominantly by intravascular tumor, which is 
shown in the center of the picture       
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grade can be estimated by mitotic index, percent-
age of necrosis, and tumor differentiation, this 
tumor should always be considered a high-grade 
sarcoma as it is characterized by local invasive-
ness and a propensity to metastasize (Fletcher 
et al.  2002 ; Guillou et al.  2004 ; Ferrari et al. 
 2004 ; Eilber and Dry  2008 ; Sultan et al.  2009  ) . 

 Synovial sarcoma is characterized by varying 
proportions of epithelioid and spindle cells 
arranged in a classic biphasic or monophasic pat-
tern (Fletcher et al.  2002 ; Ferrari et al.  2004 ; Suh 
et al.  2005 ; Baptista et al.  2006 ; Davicioni et al. 
 2008 ; Eilber and Dry  2008 ; Fedors et al.  2010 ; 
Puffer et al.  2011  ) , or the newly identi fi ed poorly 
differentiated pattern (Greene et al.  2006 ; Eilber 
and Dry  2008 ; Sultan et al.  2009 ; Koehler et al. 
 2009 ; Puffer et al.  2011  ) . Other authors consider 
the three histologic subtypes to be biphasic, mono-
phasic  fi brous, and monophasic epithelial 
(Sakellaridis et al.  2006 ; Barus et al.  2009 ; Fedors 
et al.  2010  ) . The histological features are identical 
in children and adults (Fletcher et al.  2002 ; Guillou 
et al.  2004 ; Ferrari et al.  2004 ; Sultan et al.  2009  ) . 

 The monophasic histologic subtype is com-
posed entirely of spindle cells (Fletcher et al. 
 2002 ; Laor  2004 ; Davicioni et al.  2008 ; Eilber 
and Dry  2008 ; Koehler et al.  2009  ) . The mono-
phasic subtype is further subdivided into mono-
phasic  fi brous (presence of only the spindle cell 
component) and monophasic epithelial (presence 
of only the epithelial component only) (Ferrari 
et al.  2004  ) . The biphasic subtype is composed of 
both epithelial and spindle cells in varying pro-
portions (Fletcher et al.  2002 ; Laor  2004 ; Greene 
et al.  2006 ; Eilber and Dry  2008 ; Davicioni et al. 
 2008 ; Koehler et al.  2009 ; Fedors et al.  2010  ) . 

 The recently described poorly-differentiated 
subtype of synovial sarcoma is aggressive and 
metastasizes in a high number of cases. PDSS 
has the same immunophenotype and genetic 
abnormalities as regular synovial sarcoma 
(Fletcher et al.  2002  ) . Less than 5% of synovial 
sarcoma are the pure PD subtype (Fedors et al. 
 2010  ) , though up to 20% of synovial sarcomas 
may contain PD areas (Fletcher et al.  2002 ; Eilber 
and Dry  2008  ) . The classi fi cation “poorly differ-
entiated” may be used as a histologic modi fi er for 
any of the other SS types (Barus et al.  2009  ) . 

PDSS are composed of densely packed, uniform, 
small ovoid blue cells; consequently, this subtype 
poses the greatest diagnostic challenge because it 
can mimic so many other tumors (Eilber and Dry 
 2008  ) . PDSS is characterized by the presence of 
three histologic patterns: PD large cell type, PD 
small cell type, and PD high-grade spindle cell 
type (Ferrari et al.  2004  ) . The PDSS subtype fre-
quently shows necrosis, hemorrhage, high mitotic 
activity, the presence of a prominent hemangio-
pericytomatous pattern (Ferrari et al.  2004  ) , as 
well as more marked nuclear atypia and pleomor-
phism (Koehler et al.  2009  ) . 

 Synovial sarcoma has a speci fi c and consistent 
cytogenetic chromosomal translocation involv-
ing chromosomes X and 18 (Fletcher et al.  2002 ; 
Laor  2004 ; Suh et al.  2005  ) . This translocation 
fuses two normal genes,  SYT  and  SSX1  (or the 
related  SSX2 ) to create  SYT/SSX , an abnormal 
fusion protein (Suh et al.  2005  ) . This fusion pro-
tein is present in both the spindled and epithelial 
elements (Eilber and Dry  2008  ) , and the fusion 
partners ( SYT-SSX1  or  SYT-SSX2 ) remain con-
sistent between the primary and metastatic tumors 
and is constant during the course of the disease 
(Ladanyi et al.  2002 ; Guillou et al.  2004 ; Eilber 
and Dry  2008  ) . 

 This unique genetic reciprocal translocation 
t(X:18) is found in >90–95% of the 150 cases 
of synovial sarcoma that have been reported 
(Fletcher et al.  2002 ; Ferrari et al.  2004  ) . The 
genes affected by the t(X;18) translocation are 
 SS18  (a.k.a.  SYT  or  SSXT ), from chromosome 
18, and  SSX1 ,  SSX2  and  SSX4  from the X chro-
mosome (Fletcher et al.  2002 ; Sakellaridis et al. 
 2006  ) . The translocation t(X;18) (p11.2;q11.2) 
represents the fusion of the  SYT  gene on chro-
mosome 18 with one of three homologous  SSX  
genes on the X chromosome ( SSX1 ,  SSX2 , and 
 SSX4 ) (Ferrari et al.  2004 ; Greene et al.  2006 ; 
Eilber and Dry  2008 ; Fedors et al.  2010  ) . 
Approximately two-thirds of reported cases have 
an  SYT/SSX1  fusion and one-third have an  SYT/
SSX2  fusion, with only a few cases having a 
fusion between  SYT  and  SSX4  (Fletcher et al. 
 2002 ; Eilber and Dry  2008 ; Sultan et al.  2009  ) . 

 Because the t(X;18) translocation arises exclu-
sively in synovial sarcomas and is considered the 
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cytogenetic hallmark (Fletcher et al.  2002 ; 
Sakellaridis et al.  2006  ) , its detection provides a 
de fi nitive diagnosis (Greene et al.  2006 ; Eilber 
and Dry  2008  ) . The biphasic subtype usually has 
the  SYT/SSX1  translocation, and the monopha-
sic and PDSS subtypes may have either the  SSX1  
or  SSX2  partner (Guillou et al.  2004 ; Eilber and 
Dry  2008  ) . It is thought that  SSX2  may repress 
epithelial differentiation, or  SSX1  may promote 
it (Eilber and Dry  2008  ) .  

   Diagnosis of Synovial Sarcoma: 
Histopathology, 
Immunohistochemistry, 
and Molecular Studies 

 In the last 20 years, there has been much progress 
in the diagnosis of synovial sarcoma, including 
identi fi cation of translocations, new imaging 
modalities, continued use of immunohistochem-
istry, and re fi nements in prognosis (Borden et al. 
 2003  ) . Because sarcomas are not de fi ned by a 
speci fi c organ system but can arise virtually any-
where in the body, diagnosis is based on the char-
acteristic histopathology of the tumor and the 
clinical presentation. Differentiating SS from 
other soft-tissue sarcomas is especially challeng-
ing when  SYT-SSX  expression is undetected or 
when only poorly differentiated cells are seen 
(Davicioni et al.  2008  ) . Because of dif fi culties in 
de fi nitive histologic diagnosis, ancillary tech-
niques including immunohistochemical analysis 
for cytokeratins, vimentin, Bcl- 2, S100 protein, 
CD34, smooth muscle actin (SMA), and desmin 
are used to narrow the differential diagnosis 
(Eilber and Dry  2008 ; Fedors et al.  2010  ) . The 
actins SMA and MSA, as well as desmin, CD34, 
and CD31 typically are negative in synovial sar-
comas (Eilber and Dry  2008  ) . Because ~90% of 
all synovial sarcomas express cytokeratins (CK) 
(Fletcher et al.  2002 ; Sakellaridis et al.  2006 ; 
Fedors et al.  2010  ) , a de fi nitive diagnosis is pos-
sible upon positive staining for CK or a focal 
biphasic pattern (Sakellaridis et al.  2006  ) . 
Epithelial markers are the most helpful, and they 
include pankeratin, CAM 5.2, and EMA. The 
epithelial component of synovial sarcoma stains 

strongly for at least one of these markers in nearly 
all cases (Eilber and Dry  2008  ) . Small biopsy 
specimens can be problematic, as the cells present 
may or may not stain with the chosen markers 
(Eilber and Dry  2008  ) . 

 Among soft-tissue sarcomas, there are mul-
tiple variants in morphological appearance, age 
at diagnosis, anatomical distribution, and pro-
pensity for metastasis, as well as histopathologic 
features that overlap; thus, microarray-based 
gene expression signatures are being used more 
frequently to aid in de fi nitive diagnosis of syn-
ovial sarcoma and to aid in prognosis assess-
ment for newly diagnosed patients (Davicioni 
et al.  2008  ) . Synovial sarcomas demonstrate 
strong and homogeneous gene expression 
pro fi les, and recurrent biological pathways that 
are observed across the expression signatures, 
which may be useful in differential diagnosis 
(Davicioni et al.  2008  ) . 

 De fi nitive diagnosis may not be possible by 
histology and immunochemistry alone. Molecular 
testing should be performed when there is a high 
clinical suspicion for synovial sarcoma that can-
not be con fi rmed by histologic and immunohis-
tochemical analysis (Eilber and Dry  2008 ; Fedors 
et al.  2010  ) , and when there is low-to-moderate 
clinical suspicion for synovial sarcoma and the 
results of histologic and immunochemical analy-
sis are ambiguous. 

 Molecular tests that have been used to diag-
nose synovial sarcoma include cytogenetics, 
interphase FISH and conventional and real-time 
RT-PCR (Eilber and Dry  2008  ) . To address the 
disadvantages of cytogenetic analysis, a lengthy 
process that requires fresh tissue that must 
propagate in culture, highly speci fi c interphase 
FISH and (real-time) RT-PCR tests for synovial 
sarcoma were developed which can be per-
formed on routinely processed, formalin- fi xed, 
paraf fi n embedded tissues in only a few days 
(Eilber and Dry  2008  ) . These highly sensitive 
tests are now the preferable clinical testing 
methods for rapid diagnosis of synovial sar-
coma (Fletcher et al.  2002 ; Eilber and Dry 
 2008 ; Fedors et al.  2010  ) . A histological diag-
nosis usually can be con fi rmed using RT-PCR 
or FISH (Davicioni et al.  2008  ) .  
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   Diagnosis of Synovial Sarcoma: 
Imaging 

 Imaging studies can be instrumental in earlier 
diagnosis of synovial sarcoma, because the initial 
slow growth and long duration of symptoms can 
mimic benign processes and cause a delay in 
diagnosis (Fedors et al.  2010  ) . Imaging studies 
used in patient evaluation include MRI, CT scan-
ning, and plain  fi lms. Imaging results provide 
information critical to diagnosis, staging, treat-
ment planning, treatment evaluation, and post-
treatment assessment (Gomez and Morcuende 
 2004  ) . The goals of imaging in suspected spinal 
metastases are to identify and localize the 
lesion(s), assess calci fi cation, neural element 
compromise, periosteal new bone formation, 
extent of bony destruction, presence or absence of 
systemic dissemination, and presence or absence 
of instability (Ratliff and Cooper  2004  ) . By com-
bining the clinical presentation with the nonspeci fi c 
imaging features of synovial sarcoma, the differ-
ential diagnosis can be narrowed (Fedors et al. 
 2010  ) . Despite the nonspeci fi c CT and MR imag-
ing  fi ndings, an understanding of the morphologic 
appearance may help distinguish low- and high-
grade tumors, allow some degree of prognosis 
prediction, and aid in predicting survival (Tateishi 
et al.  2004  ) . Ultimately, however, accurate diag-
nosis will require biopsy and thorough pathologic 
investigation (Fedors et al.  2010  ) . 

   Radiographs/Plain Films 

 Plain  fi lms are often the initial imaging obtained 
in patients with a non-emergent presentation 
(Fedors et al.  2010  ) , and they are often used as a 
screening tool when spinal metastases are sus-
pected (Ratliff and Cooper  2004  ) . There are no 
de fi nitive characteristics of synovial sarcoma on 
radiologic examination (Puffer et al.  2011  ) . The 
slow growth of the tumor allows radiographic 
identi fi cation of periosteal new bone formation, 
bony erosion, osteoporosis, and soft tissue 
calci fi cation (Koehler et al.  2009 ; Fedors et al. 
 2010  ) . Plain  fi lms may be normal in up to 50% 

of patients with synovial sarcoma (Suh et al. 
 2005 ; Puffer et al.  2011  ) . Plain  fi lms can reveal 
compression fractures, and, when supplemented 
with dynamic views, can reveal vertebral body 
alignment and stability. Furthermore, plain  fi lms 
may be normal even in patients with clinical evi-
dence of metastatic spinal cord compression; 
thus, plain  fi lms cannot rule out vertebral body 
metastases, especially early in their development 
(Ratliff and Cooper  2004  ) . Bony abnormalities 
cannot be seen on plain  fi lms until signi fi cant 
vertebral body destruction has occurred or the 
tumor has eroded adjacent bony structures. 
Technetium-99 bone scintigraphy is more sensi-
tive than plain  fi lms in detecting bony metasta-
ses, and the entire body may be viewed in a 
single study (Ratliff and Cooper  2004  ) . 

 On plain  fi lms, synovial sarcoma usually 
appears as well-circumscribed or lobulated, 
homogeneous, round-to-ovoid juxta-articular soft 
tissue mass (Tateishi et al.  2004 ; Eilber and Dry 
 2008 ; Koehler et al.  2009 ; Fedors et al.  2010  ) . 
Approximately 30% of cases demonstrate tumor 
calci fi cation, with or without ossi fi cation 
(Fletcher et al.  2002 ; Laor  2004 ; Suh et al.  2005 ; 
Eilber and Dry  2008 ; Koehler et al.  2009  ) , which 
is a higher percentage than in other soft tissue 
sarcomas and may help in differential diagnosis 
(Tateishi et al.  2004 ; Fedors et al.  2010  ) .  

   Computed Tomography (CT) 

 CT imaging is very useful in identifying subtle 
soft-tissue calci fi cations and local bony changes 
(Koehler et al.  2009  ) , as well as areas of internal 
necrosis or hemorrhage (Fedors et al.  2010  ) . The 
effect of a tumor on adjacent bone can range from 
the more common slowly-developing pressure 
erosions to aggressive bone destruction (Fedors 
et al.  2010  ) . CT imaging provides an accurate 
assessment of the relationship of synovial sarco-
mas to adjacent bones, especially in complex 
areas such as the spine (Koehler et al.  2009  ) . CT 
with sagittal reformatting is better than plain 
 fi lms in showing spinal alignment at the cervico-
thoracic and thoracolumbar junctions (Ratliff and 
Cooper  2004  ) . CT is excellent in revealing neural 
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element compromise from retropulsed bony frag-
ments in compression fractures, as well as identi-
fying the extent of bony destruction and lesion 
distribution (Ratliff and Cooper  2004  ) . CT should 
be used to evaluate calci fi cations, because 
absence of calci fi cation is associated with high-
grade tumor and poor prognosis (Fletcher et al. 
 2002 ; Tateishi et al.  2004  ) . Small lesions may be 
imperceptible on CT, but when they are visible, 
they often appear as well-demarcated, hypodense, 
heterogeneous, multinodular soft tissue masses 
with a density similar to skeletal muscle (Fedors 
et al.  2010  ) , and thus this tumor is easily con-
fused with other tumors (Puffer et al.  2011  ) . 

 For visualizing the bony anatomy of a verte-
bral body metastasis, CT remains the best imag-
ing modality (Ratliff and Cooper  2004  ) . CT with 
myelography will clearly show the level and 
extent of metastatic spinal cord compression in 
patients with suspected compressive lesions. 
However, due to the invasiveness of CT myelog-
raphy, most facilities now use MRI (Ratliff and 
Cooper  2004  ) .  

   Magnetic Resonance Imaging (MRI) 

 For the evaluation of most soft-tissue abnormali-
ties that require cross-sectional imaging, MRI is 
now used instead of CT (Laor  2004  ) . MR imaging 
is not used to make a speci fi c diagnosis, but rather 
to delineate the extent of a lesion and the involve-
ment of adjacent structures, to evaluate therapy 
response, and to assess postoperative complica-
tions (Laor  2004  ) . On MRI, synovial sarcomas 
usually appear as well-de fi ned, nonspeci fi c, het-
erogenous soft-tissue masses and may have a 
multilocular con fi guration with varying degrees 
of septation with or without  fl uid- fl uid levels 
(Tateishi et al.  2004 ; Koehler et al.  2009  ) . 

 Although the appearance of synovial sarcoma 
on MRI remains nonspeci fi c, MR imaging is the 
modality of choice for detecting and characteriz-
ing synovial sarcoma (Koehler et al.  2009 ; Fedors 
et al.  2010 ; Puffer et al.  2011  ) . The high-contrast 
tissue resolution and multi-planar capability 
(Gomez and Morcuende  2004  )  provide superior 
tissue characterization, demonstrate involvement 

of neurovascular structures or bone marrow, aid 
in preoperative planning, and assist in tumor 
grading and assessing clinical prognosis (Suh 
et al.  2005  ) . Small lesions often have predomi-
nantly homogeneous signal intensity similar to 
adjacent muscle (Suh et al.  2005 ; Fedors et al. 
 2010  ) ; larger lesions are usually lobular, well-
de fi ned masses that have T1 signal intensity 
slightly lower than adjacent muscle (Fedors et al. 
 2010  ) . 

 Most tumors display heterogeneous interme-
diate signal intensity on T1-weighted images, 
occasionally with  fl uid- fl uid levels (Laor  2004 ; 
Suh et al.  2005  ) . The presence of  fl uid- fl uid 
levels is described in 10–25% of cases (Fedors 
et al.  2010  ) , but is nonspeci fi c and cannot be 
considered diagnostic (Tateishi et al.  2006 ; 
Fedors et al.  2010  ) . On T2-weighted images, 
most tumors display heterogeneous, predomi-
nantly high T2-signal intensity (Fedors et al. 
 2010  ) . Intratumoral hemorrhage is common in 
synovial sarcoma, in contrast to other soft tissue 
sarcomas (Tateishi et al.  2006 ; Fedors et al.  2010  ) , 
with an incidence of ~40–73% of cases demon-
strating high signal on both T1- and T2-weighted 
images (Koehler et al.  2009 ; Fedors et al.  2010  ) . 
The “triple signal pattern,” one of the patterns on 
T2-weighted images, is useful in indicating the 
presence of both cystic and solid elements, hem-
orrhage/proteinaceous products, and  fi brous 
tissue (Fedors et al.  2010  ) , and is considered to 
be suggestive of the diagnosis (Tateishi et al. 
 2006  ) . Approximately 35% of synovial sarcomas 
demonstrate the “triple signal” of hyperintensity, 
isointensity, and hypointensity relative to fat 
within a single lesion (Koehler et al.  2009 ; Fedors 
et al.  2010  ) . 

 MRI cannot differentiate postoperative edema, 
in fl ammation, and hemorrhage from residual or 
recurrent disease (Laor  2004  ) , and neither can it 
differentiate monophasic from biphasic subtypes 
(Gomez and Morcuende  2004 ; Koehler et al. 
 2009 ; Fedors et al.  2010  ) . In addition, patient 
movement or spinal instrumentation may impede 
visualization, and may be contraindicated in 
patients with certain implants (Ratliff and Cooper 
 2004  ) . Because most soft tissue masses have no 
speci fi c MR features characteristic of malignancy, 
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the sensitivity and usefulness of MRI as a predictor 
of malignancy is unclear (Gomez and Morcuende 
 2004 ; Laor  2004  ) . In addition, there is signi fi cant 
overlap in the  fi ndings commonly associated with 
both benign and malignant lesions (Gomez and 
Morcuende  2004 ; Laor  2004  ) . 

 Gomez and Morcuende  (  2004  )  described three 
enhancement patterns that may predict malig-
nancy on MRI: (1) different pulse sequences 
showing intensity and homogeneity of the MR 
signal; (2) T2-weighted images showing high-
signal intensity; and (3) T1-weighted images 
showing homogeneity. However, these have 
shown unacceptably low speci fi city. Other signs 
that may indicate malignancy, including the 
presence of tumor necrosis, bone or neurovascu-
lar involvement, irregular or partially irregular 
margins, and a mean diameter of >66 mm, have 
not shown enough reliability to accurately assess 
the malignancy of a lesion on MRI. MR signal 
characteristics assist in the management of syn-
ovial sarcoma, but the results are far more useful 
when considered in the context of the clinical his-
tory as well as the morphology, internal architec-
ture, growth pattern, and other anatomic 
relationships (Gomez and Morcuende  2004  ) . 

 For evaluating spinal metastases, MRI is the 
modality of choice. MRI can detect changes in 
bone marrow, and thus can provide earlier evi-
dence of vertebral body involvement; in addition, 
MRI may be more sensitive in detecting epidural 
metastases (Ratliff and Cooper  2004  ) . The entire 
spine can be imaged with just multiple planes of 
view, which can reveal multiple sites of bony 
involvement. Other features that may be revealed 
on MRI are paravertebral tumor extension, the 
delineation of tumor extent, and neural compres-
sion from epidural tumor or bony destruction 
(Ratliff and Cooper  2004  ) .   

   Treatment of Primary Synovial 
Sarcoma 

 Treatment of synovial sarcoma is often multi-
modal (Fedors et al.  2010  ) . Signi fi cant progress 
has been made in the last 40 years in the treat-
ment of soft tissue sarcomas in adults, including: 

improved speci fi city in pathological de fi nition 
and staging; improvements in the use of radio-
therapy and, in some cases chemotherapy, as 
adjunctive therapies; and advances in surgical 
treatment for preservation of function (Borden 
et al.  2003  ) . 

   Surgery for Synovial Sarcoma 

 The surgical management of synovial sarcoma is 
generally the same as for all other soft tissue sar-
comas (Fedors et al.  2010  ) . Complete surgical 
resection of the primary lesion with wide nega-
tive margins is essential for optimal outcomes 
and is considered the cornerstone of treatment 
(Suh et al.  2005 ; Eilber and Dry  2008 ; Fedors 
et al.  2010 ; Puffer et al.  2011  ) . An incisional 
biopsy site should be resected completely along 
with the specimen (Eilber and Dry  2008  ) . For 
some patients, surgery alone can be curative 
(Davicioni et al.  2008  ) . Intralesional resections 
can be performed as palliative procedures, though 
with poor local control rates. When curettage 
resection techniques are used (for both initial sur-
gery and recurrence), neurological and functional 
outcomes are excellent (Bilsky et al.  2001  ) . In 
contrast, Eilber and Dry  (  2008  )  state there is no 
role for incomplete gross resection or intrale-
sional excisions. 

 Surgery is considered the most effective treat-
ment for spinal instability causing pain and paral-
ysis because the patient can experience immediate 
relief (Tokuhashi et al.  2009  ) . Synovial sarcomas 
are often located very close to neurovascular 
structures, or found invading joints or bones 
(Eilber and Dry  2008  ) ; these tumors are more 
challenging and may even be inoperable (Laor 
 2004  ) . However, sacri fi ce of these neurovascular 
structures during dissection is usually not neces-
sary (Eilber and Dry  2008  ) .  

   Radiation for Synovial Sarcoma 

 Because synovial sarcomas are considered high-
grade tumors, complete surgical resection is followed 
by adjuvant radiotherapy and/or chemotherapy to 
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treat any residual disease and improve local 
control (Bilsky et al.  2001 ; Ferrari et al.  2004 ; 
Eilber and Dry  2008 ; Ravnik et al.  2009 ; Fedors 
et al.  2010 ; Puffer et al.  2011  ) , and prevent ampu-
tation for most patients with extremity tumors 
(Suh et al.  2005  ) . Radiotherapy should not begin 
until at least 2 weeks after surgery in order to 
allow for suf fi cient wound healing (Ratliff and 
Cooper  2004  ) . 

 Surgery followed by radiation yields better 
neurologic outcomes than patients treated with 
radiation alone (Patchell et al.  2005  ) . Radiation 
has been proven to be superior to chemotherapy 
alone as adjuvant therapy following primary sur-
gical excision (Puffer et al.  2011  ) . Preoperative 
radiotherapy combined with chemotherapy has a 
reported 5-year overall survival rate of 75% 
(Fedors et al.  2010  ) . 

 The doses of radiation necessary to control 
tumor growth are greater than the spinal cord can 
tolerate (Bilsky et al.  2001  ) . In patients with 
microscopic residual tumors, radiation doses 
considered effective for local tumor control are 
from 6,000 to 7,000 cGy, while maximal spinal 
cord tolerance is only 4,500 cGy (Bilsky et al. 
 2001  ) . Postoperative radiotherapy has been 
shown to delay recurrence despite the suboptimal 
doses, and thus is recommended after surgical 
resection in eligible patients (Bilsky et al.  2001  ) . 

 Preoperative radiotherapy has been correlated 
with an increased risk of perioperative complica-
tions. Studies comparing pre- and postoperative 
radiation have found the rate of wound complica-
tions with preoperative radiotherapy to be 35% 
compared to a rate of 17% with postoperative 
radiotherapy (Fedors et al.  2010  ) . Ghogawala 
et al.  (  2001  )  found that the rate of wound infec-
tion was increased ~threefold (from 12 to 32%) 
after preoperative radiotherapy. 

 Various utilities and modalities are used for 
adjuvant radiation, including external beam ther-
apy (neoadjuvant or adjuvant), brachytherapy, 
and intensity modulated radiation therapy (IMRT) 
(Eilber and Dry  2008 ; Fedors et al.  2010  ) . Each 
modality has been proven to decrease the local 
recurrence rate, thus extending event-free inter-
vals (Bilsky et al.  2001 ; Eilber and Dry  2008 ; 
Fedors et al.  2010 ; Puffer et al.  2011  ) . Each 

modality has its own advantages and disadvan-
tages, and no single modality has been proven 
more effective for the adjuvant treatment of syn-
ovial sarcoma (Eilber and Dry  2008  ) . 

 Ratliff and Cooper  (  2004  )  proposed indications 
for choosing surgery or radiotherapy as the pri-
mary treatment modality. Indications for the use of 
surgery as the primary treatment intervention 
include: retropulsed bone producing neural com-
pression; spinal deformity producing pain or neu-
ral compression; axial pain; spinal instability from 
metastatic bony or ligamentous destruction; pro-
gressive neurological de fi cit; failure of radiation 
(progression of de fi cit/pain during radiation, pre-
vious radiation with recurrence/progression after 
treatment); and an unknown primary. Indications 
for the use of radiation as the primary treatment 
intervention include: radioresponsive tumor; mod-
erately radioresponsive tumor in a patient with 
minimal de fi cit/ limited pain; isolated epidural 
neural compression; isolated local pain; expected 
survival of <3 months; poor operative candidate; 
and complete neurological de fi cit.  

   Chemotherapy for Synovial Sarcoma 

 The diversity and rarity of soft tissue sarcomas, 
especially synovial sarcomas, has prevented the 
accrual of an adequate number of high-risk 
patients for randomized trials evaluating the use 
of chemotherapy (Ferrari et al.  2004 ; Eilber and 
Dry  2008  ) ; thus, formal proof of the ef fi cacy of 
adjuvant chemotherapy in the treatment of adult 
soft tissue sarcoma remains unavailable (Ferrari 
et al.  2004  ) . Chemotherapy may be useful for 
extremity soft tissue sarcoma lesions (Laor  2004  ) , 
adjuvant chemotherapy can offer a limited sur-
vival bene fi t for high-risk patients (Ferrari et al. 
 2004  ) , and, in some cases, neoadjuvant chemo-
therapy may be bene fi cial (Fedors et al.  2010  ) . 

 The chemotherapy agents generally used for 
soft tissue sarcomas are doxorubicin and ifosf-
amide (Fedors et al.  2010 ; Puffer et al.  2011  ) . 
Synovial sarcoma is considered a particularly 
chemosensitive soft tissue sarcoma (Eilber and 
Dry  2008  ) , although no one single chemotherapy 
protocol has been proven most effective in treating 
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synovial sarcoma (Puffer et al.  2011  ) . The results 
of several recent studies suggest that high-dose 
ifosfamide-based chemotherapy regimens should 
be considered in adult patients with primary high-
risk extremity synovial sarcomas greater than or 
equal to 5 cm (Eilber and Dry  2008  ) , as these 
regimens have shown improved disease-speci fi c 
survival (Eilber et al.  2007 ; Puffer et al.  2011  ) . 

 Both adjuvant and neoadjuvant chemotherapy 
have been used in the past 30 years for patients 
with high-risk primary extremity soft tissue sarco-
mas in order to improve survival. However, due to 
the toxicity of chemotherapy and its limited impact 
on survival, the use of chemotherapy in patients 
with primary soft tissue sarcomas has been contro-
versial (Suh et al.  2005 ; Greene et al.  2006 ; Eilber 
and Dry  2008 ; Barus et al.  2009  ) , and thus the use 
of adjuvant chemotherapy remains a case-by-case 
decision (Fedors et al.  2010  ) .   

   Prognostic Factors for, and Sites 
of, Synovial Sarcoma Metastasis 

 Metastatic synovial sarcoma portends a poor 
prognosis. Once a patient develops metastases, 
then mortality is high (Ferrari et al.  2004 ; Spurrell 
et al.  2005 ; Eilber and Dry  2008  ) . Death from 
synovial sarcoma is almost always due to distant 
metastases (Ladanyi et al.  2002 ; Eilber and Dry 
 2008  ) . In patients with Grade IV disease, there is 
a 75% mortality rate within 2 years of diagnosis 
(Ladanyi et al.  2002 ; Greene et al.  2006  ) ; most 
patients presenting with metastatic disease die 
within 3 years (Ladanyi et al.  2002  ) . The average 
duration of disease, from symptom onset to death, 
is ~6.5 years (Barus et al.  2009  ) . In patients with 
metastatic disease, the median time to disease-
speci fi c death is 10–22 months (Ferrari et al. 
 2004 ; Spurrell et al.  2005 ; Eilber and Dry  2008  ) . 

 Only a small number of patients with synovial 
sarcoma have detectable metastatic disease at the 
time of diagnosis (Davicioni et al.  2008  ) . Some 
patients experience distant metastasis relatively 
soon after surgery and die due to disease progres-
sion, whereas other patients have a prolonged 
disease course without experiencing any recur-
rence or metastasis (Tateishi et al.  2004  ) . Local 

recurrence is associated with an increased risk 
for metastases and tumor-related death, and it is 
reported that ~50% of patients with synovial sar-
coma experience recurrence and/or metastasis 
after their initial treatment (Sakellaridis et al. 
 2006 ; Davicioni et al.  2008  ) . Lewis et al.  (  2000  )  
examined the clinical and pathologic prognostic 
factors in adult localized primary extremity 
synovial sarcoma. The 5-year local recurrence 
rate was 12%, a rate lower than that in other 
studies (Koehler et al.  2009  ) , presumably due to 
improved surgical methods and the use of adju-
vant radiation therapy (Eilber and Dry  2008  ) . 
Local recurrence can be controlled by adequate 
surgical resection with negative margins, as well 
as the use of adjuvant radiotherapy (Fletcher et al. 
 2002 ; Barus et al.  2009  ) . In the same study, Lewis 
et al.  (  2000  )  reported a 5-year distant recurrence 
rate of 39%. 

 Eilber and Dry  (  2008  )  reported that distant 
metastasis occurs in up to 53% of patients with 
primary extremity synovial sarcomas that are 
greater than or equal to 5 cm, with a resultant 
5-year disease-speci fi c mortality rate of 37%. 
Conversely, the 5-year disease-speci fi c survival 
rate for primary synovial sarcoma at any site is 
reported to range from 60 to 75% (Fletcher et al. 
 2002 ; Ferrari et al.  2004 ; Guillou et al.  2004 ; 
Eilber and Dry  2008 ; Koehler et al.  2009  ) . The 
10-year survival rate is reported to range from 11 
to 63% (Fletcher et al.  2002 ; Tateishi et al.  2004 ; 
Sakellaridis et al.  2006 ; Koehler et al.  2009 ; Puffer 
et al.  2011  ) . Tumor recurrence usually occurs 
within 2 years after initial therapy (Fletcher et al. 
 2002 ; Sakellaridis et al.  2006 ; Barus et al.  2009  ) ; 
there are reports of recurrence >30 years after 
diagnosis, which emphasizes the need for long-
term follow-up (Eilber and Dry  2008 ; Koehler 
et al.  2009  ) . 

 The metastatic pattern of synovial sarcoma is 
based on the location of the primary tumor (Eilber 
and Dry  2008  ) . Because most synovial sarcomas 
arise in the extremities, the vast majority then 
metastasize to the lung (Ferrari et al.  2004 ; Laor 
 2004 ; Guillou et al.  2004 ; Baptista et al.  2006 ; 
Eilber and Dry  2008  ) , which is the  fi rst site of 
distant recurrence in nearly 80% of patients (Bedre 
et al.  2007  ) . Synovial sarcoma also metastasizes 
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to regional lymph nodes and bone (bone marrow) 
(Fletcher et al.  2002 ; Sakellaridis et al.  2006 ; 
Barus et al.  2009 ; Koehler et al.  2009 ; Puffer 
et al.  2011  ) . Eilber and Dry  (  2008  )  report that 
synovial sarcomas develop lymph node metasta-
ses more commonly than most other soft tissue 
sarcomas, at an incidence of ~10–12% compared 
to ~3–5% for other soft tissue sarcomas. Similar 
to the  SYT  fusion partners remaining consistent 
between the primary and metastatic tumors, 
regional lymph node and distant metastases typi-
cally appear similar to the primary tumor (Fletcher 
et al.  2002 ; Eilber and Dry  2008  ) . 

 Patient outcome is correlated with the stage of 
the initial disease, tumor size, and the extent of 
surgical resection (Greene et al.  2006  ) . Determining 
a prognosis before treatment helps determine the 
treatment modalities, particularly surgical proce-
dures (Tokuhashi et al.  2009  ) . Prognosis does not 
differ between monophasic and biphasic histology 
(Fletcher et al.  2002 ; Ladanyi et al.  2002  ) , and his-
tologic grade is also not a factor, because synovial 
sarcomas are considered primarily high-grade 
tumors (Ladanyi et al.  2002  ) . Patient age has been 
found to be an inconsistent variable affecting sur-
vival (Ladanyi et al.  2002 ; Ferrari et al.  2004 ; 
Guillou et al.  2004 ; Eilber and Dry  2008  ) . 

 Many studies that have examined the prognostic 
factors for synovial sarcoma have been inconsis-
tent in their inclusion criteria, making de fi nitive 
conclusions dif fi cult (Ferrari et al.  2004 ; Guillou 
et al.  2004 ; Eilber and Dry  2008  ) . However, large 
tumor size (>5 cm) has shown a consistent associ-
ation with the development of distant metastasis, as 
well as an association with decreased disease-
speci fi c survival (Ladanyi et al.  2002 ; Ferrari et al. 
 2004 ; Guillou et al.  2004 ; Laor  2004 ; Eilber and 
Dry  2008 ; Fedors et al.  2010  ) . Guillou et al.  (  2004  )  
found that strong prognostic factors for death from 
malignancy were age >35 years; large tumor size 
(>7 cm); poorly differentiated histology; high 
mitotic rate; tumor necrosis; high histologic grade 
(grade 3); and advanced stage at diagnosis. Sakabe 
et al.  (  2008  )  reported that the most signi fi cant 
prognostic factor related to disease-speci fi c mor-
tality in their study was inadequate surgical mar-
gins at the time of initial surgical resection. Two 
years earlier, Baptista et al.  (  2006  )  evaluated 20 

cases of nonmetastatic synovial sarcoma of the 
extremities to identify prognostic factors for sur-
vival and local recurrence. They found the prog-
nostic factors that in fl uenced survival were 
spontaneous necrosis >25%, tumors proximal to 
the knee or elbow, and a high histologic grade 
(according to their criteria). The only prognostic 
factor that in fl uenced local recurrence was a posi-
tive microscopic surgical margin; interestingly, 
however, neither local recurrence nor large tumor 
size (>10 cm) showed statistical signi fi cance in 
association with worse survival prognosis. Guillou 
et al.  (  2004  )  considered the most important factors 
involved in sarcoma recurrences to be microscopi-
cally positive surgical margins, lack of adjuvant 
radiotherapy, large tumor size, high histologic 
grade, and axial tumor location. The factors 
reported by Zagars et al.  (  2003  )  to be predictive of 
local recurrence included positive or uncertain sur-
gical margins, tumors in the head, neck, and deep 
trunk, age >64 years, tumor size >10 cm, and high 
pathologic grade. 

 Tateishi et al.  (  2004  )  reported  fi ve factors that 
had a signi fi cant association with disease-free sur-
vival: proximal distribution, large tumor size, the 
absence of calci fi cation, the presence of hemor-
rhage, and the presence of the triple signal inten-
sity pattern. The statistically signi fi cant imaging 
 fi ndings associated with a diagnosis of high-grade 
synovial sarcoma included those  fi ve factors plus 
the presence of cystic components. The risk factors 
for metastasis or death reported by Barus et al. 
 (  2009  )  included age >25 years; tumor size >5 cm; 
tumor with >20% poor differentiation; and primary 
tumor in the lower extremities. In patients with neg-
ative surgical margins and no risk factors, the 5-year 
risk of local recurrence was 9%, but in patients with 
two risk factors, the 5-year risk of local recurrence 
increased to 31% (Fedors et al.  2010  ) . 

 Much has been written regarding the prognos-
tic signi fi cance of the molecular genetics of syn-
ovial sarcoma (Eilber and Dry  2008  ) . Until 
recently, all studies indicated a worse prognosis 
for patients with localized tumors with the  SYT/
SSX1  translocation, with a higher proliferative 
rate, shorter metastasis-free survival, and overall 
survival times compared to those with the  SYT/
SSX2  translocations (Ladanyi et al.  2002 ; Suh 
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et al.  2005 ; Eilber and Dry  2008 ; Puffer et al. 
 2011  ) . Prior to the work by Guillou et al.  (  2004  ) , 
 SYT-SSX  fusion type was cited as the single most 
signi fi cant prognostic factor in multivariate analy-
sis for patients with localized disease at diagnosis 
(Ladanyi et al.  2002  ) . After subdividing synovial 
sarcomas into intermediate and high-grade tumors, 
Guillou et al.  (  2004  )  showed that for patients with 
localized synovial sarcoma, it is histologic grade, 
not  SYT-SSX  fusion type, which is a strong inde-
pendent prognostic factor for disease-speci fi c sur-
vival and metastasis-free survival. 

 Detection of the  SYT-SSX  fusion genes by 
molecular tests is very useful in making a de fi nitive 
diagnosis, but it remains unclear whether expres-
sion of these fusion genes conveys signi fi cant prog-
nostic information (Davicioni et al.  2008  ) . There 
are at least seven  SYT-SSX  variants, and both the 
 SYT-SSX1  and  SYT-SSX2  translocation partners 
have been seen in the same primary tumor in up to 
10% of synovial sarcomas (Eilber and Dry  2008  ) . 
Thus, it is unclear whether the different fusion gene 
variants expressed in synovial sarcoma will be 
prognostic on their own (Davicioni et al.  2008  ) .  

   Synovial Sarcoma Metastatic 
to the Spine 

 Synovial sarcomas arising from, near, or metastatic 
to the spine are rare (Bilsky et al.  2001 ; Puffer et al. 
 2011  ) . Data regarding treatment consist primarily 
of case reports (Otsuka et al.  1985 ; Signorini et al. 
 1986 ; Yoshikawa et al.  1997 ; Hanada et al.  1999 ; 
Bilsky et al.  2001 ; Merimsky et al.  2004 ; Reichel 
et al.  2004 ; Sakellaridis et al.  2006 ; Bedre et al. 
 2007 ; Scollato et al.  2008 ; Arnold et al.  2009 , 
 2010 ; Zairi et al.  2011  ) , making optimal treatment 
strategies as well as functional, neurological, and 
oncological outcomes unclear (Bilsky et al.  2001  ) . 
Approximately 10–20% of synovial sarcomas 
invade adjacent bone (Sakellaridis et al.  2006 ; 
Barus et al.  2009  ) . 

 Intradural spinal metastases are a rare condi-
tion, most often with a fatal outcome (Schick 
et al.  2001  ) . Of symptomatic metastases affecting 
the spinal cord, intradural metastases comprise 
only 0.8–3.9%, and are found in only ~2% of 

patients with end-stage disease (Schick et al. 
 2001  ) . Intradural metastases are often seen with 
rapidly progressing neurologic de fi cit, widely 
metastatic disease, and very limited life expec-
tancy (Schick et al.  2001  ) . Characteristic  fi ndings 
of intradural extramedullary tumors are outward 
displacement of epidural fat or compression of 
the spinal cord with widening of the subarach-
noid space above and below the mass (Schick 
et al.  2001  ) . There are only a few reported cases 
of metastatic intradural synovial sarcoma in the 
literature. Sakellaridis et al.  (  2006  )  reported a pri-
mary tumor at L2, with a  fi rst metastasis to L1-L3 
lumbar dura mater, and a second metastasis to 
intradural extramedullary C7 (C6-T1) and the 
mediastinum in front of the T5-10 vertebral bod-
ies. Scollato et al.  (  2008  )  reported an intramedul-
lary metastasis at C3-5. Surgeons must maintain 
a high index of suspicion during surgery to detect 
the presence of intradural tumors (Bilsky et al. 
 2001  ) . In patients with intradural tumors, aggres-
sive tumor resection has improved neurological 
symptoms and provided signi fi cant neurological 
palliation (Bilsky et al.  2001  ) . The treatment of 
choice is subtotal resection with preservation of 
neurological function (Schick et al.  2001  ) . 

 In a patient with known metastatic disease, back 
pain must be considered a spinal metastasis until 
proven otherwise (Ratliff and Cooper  2004  ) . Pain 
caused by a metastasis to the vertebral body may be 
local, radicular, or axial. Local pain, which is con-
stant and not worsened by movement, results from 
tumor mass effect or distortion of the periosteum 
from tumor destruction. Radicular pain is caused by 
epidural tumor extension causing nerve root com-
pression. Axial pain, which worsens with movement 
and is alleviated with rest, is caused by a structural 
abnormality of the spinal column and may indicate 
instability (Ratliff and Cooper  2004  )  Tab   le  32.1 .   

   Treatment of Synovial Sarcoma 
Metastatic to the Spine 

 Treatment options for tumors metastatic to the 
spine include systemic therapies such as hor-
monal therapy or chemotherapy, as well as local 
therapies such as radiotherapy, bracing, or surgery 
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   Table 32.1    A summary of the 17 cases of spinal metastases from synovial sarcoma found in the literature from 1985 
to 2011   

 Author 
 Year 
reported 

 Primary 
(if spinal) 

 Location 
of spinal 
primary  Metastasis 

 Location 
of spinal metastasis 

 # of 
cases 

 Otsuka et al.  1985  –  –  Metastasis to L4-L5  Lumbar  1 
 Signorini 
et al. 

 1986  T2  Thoracic  T2, vertebral canal, posterior 
mediastinum 

 Thoracic  1 

 Yoshikawa 
et al. 

 1997  –  –  Metastasis to C5-C6  Cervical  1 

 Hanada et al.  1999  –  –  Metastasis to lumbar vertebra 
(level not speci fi ed) 

 Lumbar  1 

 Bilsky et al.  2001  –  –  Metastatic “spindle cell 
sarcoma” to spine; spinal levels 
not speci fi ed in any patient 

 –  3 

 Merimsky 
et al. 

 2004  –  –  1. Metastasis to T7-T8;  Cervical, thoracic, 
sacral 

 3 
 2. Metastasis to C2-C3; 
 3. Metastasis to S1-S3 

 Reichel et al.  2004  –  –  Metastasis to T8  Thoracic  1 
 Sakellaridis 
et al. 

 2006  L2  Lumbar  First metastasis to L1-L3 
lumbar dura mater, then 
second metastasis to intradural 
extramedullary C7 (C6-T1) 
and at mediastinum in front of 
T5-T10 vertebral bodies 

 Cervical, lumbar, 
thoracic 

 1 

 Bedre et al.  2007  –  –  Metastasis to T12-L4, eroding 
the transverse process, body, 
and pedicle of L2 

 Lumbar  1 

 Scollato et al.  2008  –  –  Intramedullary metastasis 
at C3-C5 

 Cervical  1 

 Arnold et al.  2009  –  –  Fifth metastasis to T11-T12, 
with mass at T12 compressing 
the spinal cord 

 Thoracic  1 

 Arnold et al.  2010  –  –  Seventh metastasis to C2-C3 
with spinal cord compression; 
also metastases to T4, T6-T8, 
and T11 

 Cervical, thoracic  1 

 Zairi et al.  2011  C1-C2 
and 
posterior 
soft tissue 
of C4 

 Cervical  Third metastasis to superior 
cervical region with extension 
into the occipital region and 
involvement of occipital bone 
and underlying dura; then 
fourth metastasis to skull base 
with extension into the left 
jugular foramen and left 
cervical foramina (C1-C4) 

 Cervical  1 

  Note that two reports described three cases each, and one of those reports did not specify spinal levels in any of the three 
cases. The report by Suh et al.  (  2005  )  is not a report of a metastasis as reported in previous literature  

(Tokuhashi et al.  2009  ) . The choice of treatment 
is based on tumor pathology and its sensitivity to 
adjuvant treatments, as well as the general condi-
tion of the patient and expected survival 

(Gasbarrini et al.  2004 ; Tokuhashi et al.  2009  ) . 
Treatment of spinal column metastases is seldom 
curative; thus, the goal of treatment in most cases 
is palliative relief of pain (Ratliff and Cooper 
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 2004  )  and preservation or restoration of neuro-
logical function (Schick et al.  2001  ) . 

 Advances in MRI, sophisticated instrumenta-
tion for spinal stabilization, and an increased 
understanding of the biomechanics of the spine 
have led to increased treatment options for spine 
metastases. The advent of spinal instrumentation 
as well as transpedicular or ventral decompression 
has allowed favorable outcomes in treating and 
possibly reversing signi fi cant neurological de fi cit, 
compared to previous treatment methods of radia-
tion, decompressive laminectomy without stabili-
zation, or combined radiation and laminectomy. 

 Several authors have reported postoperative 
neurologic improvement in ~70% of patients 
(Ratliff and Cooper  2004 ; Holman et al.  2005  ) , a 
signi fi cant increase compared to traditional thera-
pies; this increase is attributed to newer approaches 
emphasizing anterior decompression and verte-
bral body reconstruction, and the introduction of 
more reliable anterior and posterior segmental 
spinal stabilization systems (Holman et al.  2005  ) . 
These authors also demonstrated that superior 
rates of pain relief could be achieved when ante-
rior or posterior stabilization is combined with 
neural decompression to eliminate tumor-related 
axial spine instability. Approximately 50% of 
patients who are nonambulatory before surgery 
will regain ambulation (Ratliff and Cooper  2004  ) . 
Poor postoperative results are an indication of 
poor preoperative (baseline) neurologic function. 
Patients who are ambulatory at the time of initial 
treatment are more likely to remain ambulatory 
after intervention (Ratliff and Cooper  2004  ) . 

 Complete surgical resection with wide nega-
tive margins is best for local tumor control and 
long-term survival (Bilsky et al.  2001  ) . However, 
concern for preservation of neural tissue as well 
as the amount of osseous destruction and involve-
ment of the spine at presentation may preclude  en 
bloc  resection for wide or marginal tumor removal 
(Bilsky et al.  2001 ; Barus et al.  2009  ) . Many phy-
sicians still believe that radiotherapy should be 
the initial treatment for all spinal metastases 
(Holman et al.  2005  ) , and thus surgery is consid-
ered only for patients who require a tissue diagnosis 
or for patients who fail to improve or deteriorate 
during radiation therapy (Ratliff and Cooper 

 2004 ; Holman et al.  2005  ) . The majority of 
patients referred for surgical consultation for ver-
tebral body metastases will already have received 
neo-adjuvant chemotherapy, radiotherapy, or 
both. These therapies may increase the rate of 
perioperative complications, impaired local 
wound healing, or immunosuppression (Ratliff 
and Cooper  2004  ) . 

   Surgery for Metastatic Synovial 
Sarcoma 

 Tumors metastatic to the spine cause severe pain, 
paralysis, and/or signi fi cant impairment of activi-
ties of daily living (Tokuhashi et al.  2009  ) . The 
 fi nding of spinal metastases suggests limited life 
expectancy and limited treatment options 
(Tokuhashi et al.  2009  ) . Many studies report 
median survivals of at least 1 year after surgery 
(Ratliff and Cooper  2004  ) . 

 Surgery has a critical role in the treatment of 
patients with metastatic spinal disease (Holman 
et al.  2005  ) . Patient survival depends on the pri-
mary tumor, degree of spread, and tumor biology 
(Ratliff and Cooper  2004  ) . Because eradication of 
metastases is seldom possible, the goals of surgery 
for patients with sarcoma metastatic to the spine 
are to relieve pain, prevent or reverse neurologic 
compromise, improve functional status (ADLs), 
and possibly achieve long-term local control 
(Bilsky et al.  2001 ; Ratliff and Cooper  2004 ; 
Holman et al.  2005 ; Tokuhashi et al.  2009  ) . In 
properly selected patients, surgery may also pro-
vide prevention of late neurologic deterioration as 
well as excellent acceptable perioperative morbid-
ity and mortality (Ratliff and Cooper  2004  ) . 
Surgery should be considered as initial therapy in 
many patients presenting with metastatic spinal 
disease because improved surgical techniques 
have resulted in improved outcomes (Ratliff and 
Cooper  2004 ; Tokuhashi et al.  2009  ) . 

 A negative margin in sarcoma surgery is tradi-
tionally de fi ned as 5 cm (Puffer et al.  2011  ) . 
However, attempts at wide or marginal resections 
of epidural, bilateral pedicle, multilevel vertebral 
body, and/or large paraspinal tumors may neces-
sitate resection of neural tissue, resulting in a 
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functional de fi cit (Bilsky et al.  2001 ; Barus et al. 
 2009 ; Ravnik et al.  2009  ) . To avoid injuring criti-
cal structures, gross total resection with only 
marginal negative margins is recommended 
(Barus et al.  2009 ; Puffer et al.  2011  ) . A marginal 
resection in the spine dissects the pseudocapsule 
of the tumor, and wide resection provides >2 mm 
of normal tissue (healthy bone, reactive perios-
teum, or pleura) (Bilsky et al.  2001  ) . 

   Surgery: Patient Selection 
 Careful patient selection is required for surgical 
treatment of metastatic synovial sarcoma (Eilber 
and Dry  2008  ) , and is an important determinant of 
surgical outcome (Ratliff and Cooper  2004  ) . 
Patients should be selected by extent of disease, 
longer disease-free interval, and favorable 
response to systemic chemotherapy (Eilber and 
Dry  2008  ) . Minimum requirements are a will to 
live, immunocompetence, a reasonably healthy 
condition, and a predicted survival of 3–6 months 
or longer (Ratliff and Cooper  2004 ; Tokuhashi 
et al.  2009  ) . Functional recovery is signi fi cantly 
affected by the expected survival period (Tokuhashi 
et al.  2009  ) . Preoperative neurologic status deter-
mines postoperative neurologic function. In 
patients with neurologic de fi cits, early interven-
tion is required in order to maximize recovery 
(Ratliff and Cooper  2004  ) . In patients having rap-
idly progressing paralysis, surgery may provide 
transient recovery but deterioration often resumes 
within 1–2 weeks after surgery (Tokuhashi et al. 
 2009  ) . 

 Surgical treatment of spinal metastases may 
be extensive and is not without risk of complica-
tions (Ratliff and Cooper  2004 ; Holman et al. 
 2005 ; Tokuhashi et al.  2009  ) . Thorough preoper-
ative evaluation and optimization of the patient’s 
current medical condition will reduce the inci-
dence of perioperative complications (Ratliff and 
Cooper  2004  ) . Common complications include 
cerebrospinal  fl uid leakage and wound break-
down, as well as pulmonary, cardiac, and gastro-
intestinal complications (Ratliff and Cooper 
 2004  ) . Severe complications include periopera-
tive neurologic deterioration, wound breakdown, 
signi fi cant blood loss, and mortality, although the 
rate of perioperative mortality is <5% (Ratliff 

and Cooper  2004  ) , and many cases of neurologic 
de fi cits are transient (Ratliff and Cooper  2004  ) . 

 Complication rates are increased by the use of 
high-dose steroids, radiation, and chemotherapy. 
An increased risk of postoperative wound infec-
tion or breakdown is associated with long-term 
steroid use, preoperative radiation or chemother-
apy, immunosuppression, poor nutritional status, 
and prior surgery (Ratliff and Cooper  2004  ) . 
Ghogawala et al.  (  2001  )  found a nearly 30% 
increase in the incidence of wound breakdown in 
patients treated with preoperative radiation, and a 
46% wound complication rate in patients who 
had surgery within 7 days of beginning 
radiotherapy.  

   Indications for Surgery 
 Currently, the common indications for surgery 
for metastatic spine tumors are:

   Spinal instability and intractable axial spine • 
pain caused by metastatic bony destruction 
(Bilsky et al.  2001 ; Ratliff and Cooper  2004 ; 
Holman et al.  2005 ; Tokuhashi et al.  2009  ) ;  
  Progressive neurologic de fi cit due to spinal • 
cord compression (including retropulsed bone 
and disc fragments) despite radiotherapy, ste-
roids, or chemotherapy (Bilsky et al.  2001 ; 
Ratliff and Cooper  2004 ; Holman et al.  2005 ; 
Tokuhashi et al.  2009  ) ;  
  Radioresistant tumors, tumors that have pro-• 
gressed or recurred after radiation, (Bilsky 
et al.  2001 ; Ratliff and Cooper  2004 ; Holman 
et al.  2005  ) , or pain caused by radioresistant 
tumors (Gasbarrini et al.  2004 ; Tokuhashi 
et al.  2009  ) ;  
  Unknown primary for which CT-guided • 
biopsy was not possible or successful (Ratliff 
and Cooper  2004 ; Holman et al.  2005  ) ;  
  Long-term local control in patients who have • 
localized lesions and a life expectancy of at 
least 1 year (Tokuhashi et al.  2009  ) .     

   Discussion of Surgical Interventions 
 The optimal operative strategy for metastatic 
spinal disease continues to be debated. Improved 
surgical techniques including anterior, posterior, 
or combined decompressions with stabilization 
have been shown to provide better decompression 
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of the spinal cord and better gross total resection 
when compared to the use of radiation alone, 
decompressive laminectomy alone without 
 stabilization, or combined radiation and lamine-
ctomy (Bilsky et al.  2001 ; Ratliff and Cooper 
 2004  ) . In addition, these improved surgical tech-
niques have resulted in dramatic improvements 
in the neurological and functional outcomes of 
patients treated for sarcomas metastatic to the 
spine (Bilsky et al.  2001  ) . When compared with 
laminectomy alone, studies of laminectomy 
combined with posterior stabilization report 
 neurologic improvement in ~72% of patients 
(Ratliff and Cooper  2004  ) . Most patients with 
locally recurrent disease can be treated with 
limb-sparing surgery (Eilber and Dry  2008  ) , 
with no difference in survival compared to ampu-
tation (Fedors et al.  2010  ) . Pain control may be 
achieved with surgical stabilization regardless of 
tumor type or spinal level (Ratliff and Cooper 
 2004  ) . 

 Surgical procedures for metastatic spine 
tumors can be classi fi ed as excisional or pallia-
tive procedures (Tokuhashi et al.  2009  ) . Excisional 
procedures, such as complete resection of the 
involved vertebrae or the tumor followed by 
reconstruction of the vertebrae using spinal 
instruments or implants, include those aimed at 
piecemeal resection of the tumor (such as intral-
esional excision or debulking), and those aimed 
at  en bloc  resection of the involved vertebrae 
(Gasbarrini et al.  2004 ; Tokuhashi et al.  2009  ) . 
 En bloc  resection, which includes both marginal 
and wide resection, should be considered in 
patients with a good prognosis and involvement 
of only a single vertebra, or patients who have 
hypervascularized lesions (Gasbarrini et al.  2004 ; 
Tokuhashi et al.  2009  ) . A palliative procedures 
consists of posterior laminectomy, decompres-
sion, and stabilization with instrumentation for 
relief of pain or paralysis, and, if possible, exci-
sion of as much of the tumor as possible 
(Gasbarrini et al.  2004 ; Tokuhashi et al.  2009  ) . 
Palliative procedures are indicated for multiver-
tebral metastases involving two or more verte-
brae, or single vertebral metastases in a patient 
who has a predicted survival period of <1 year, 

and are frequently performed as emergency 
procedures (Tokuhashi et al.  2009  ) .   

   Adjunctive Therapy for Metastatic 
Synovial Sarcoma 

 Neither preoperative nor postoperative chemo-
therapy for primary or metastatic sarcoma seem 
to have a major impact on outcome (Bilsky et al. 
 2001  ) . In addition, chemotherapy has little effect 
in reversing spinal cord compression and improv-
ing neurologic de fi cit (Ratliff and Cooper  2004  ) . 
Complications of chemotherapy may include 
immunosuppression and delayed wound healing, 
as well as an increased risk of wound dehiscence 
or perioperative wound infections (Ratliff and 
Cooper  2004  ) . 

 A large local recurrence that develops shortly 
after initial treatment may indicate the presence 
of a biologically aggressive tumor with a high 
disease-speci fi c mortality (Eilber and Dry  2008  ) . 
These patients should be treated with neoadju-
vant systemic therapy prior to re-operation (Eilber 
and Dry  2008  ) . The  fi rst-line treatment for 
patients with metastatic synovial sarcoma is ifos-
famide-based chemotherapy (with or without 
doxorubicin) because of the signi fi cant responses 
seen on this regimen (Ferrari et al.  2004 ; Spurrell 
et al.  2005 ; Eilber and Dry  2008  ) . However, the 
effect of this same regimen on the survival of 
adults with primary disease has not been clear 
(Eilber and Dry  2008  ) . 

 Radiation may alleviate local pain from metasta-
sis and radicular pain from epidural compression 
(Ratliff and Cooper  2004  ) . Relief of axial or mechan-
ical pain requires surgical stabilization. The best pre-
dictor of neurologic outcome after radiotherapy is 
baseline neurologic function. Patients with severe 
neurologic de fi cit before radiotherapy are not likely 
to improve (Ratliff and Cooper  2004  ) . 

 In patients with high-grade soft tissue sarco-
mas, brachytherapy has not been associated with 
a reduction in distant metastasis or improvement 
in disease-speci fi c survival (Bilsky et al.  2001  ) . 
In addition, to prevent radiation myelopathy, the 
spinal cord must be shielded during treatment; 
however, this shielding limits its use, especially 
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in patients being treated for epidural tumors 
(Bilsky et al.  2001  ) . 

 In most patients with vertebral body metasta-
ses, radiotherapy is the initial therapeutic modal-
ity used, whereas in patients with widespread 
metastatic disease and poor prognosis, radiother-
apy may be the only modality used (Ratliff and 
Cooper  2004  ) . The dose of radiation depends on 
the type of tumor and the length of treatment; to 
prevent spinal cord damage, the dose is usually 
limited to 4,500 cGy (Ratliff and Cooper  2004  ) . 
Radiation is appropriate for patients with radiore-
sponsive tumors, minimal or no neurologic 
 fi ndings, no evidence of instability, and no neural 
compression by bone (Ratliff and Cooper  2004  ) . 

 In conclusion, the need for effective palliative 
and potentially curative treatment for metastatic 
spinal disease is greater than ever because of earlier 
detection of metastases and increased patient sur-
vival (Holman et al.  2005  ) . Borden et al.  (  2003  )  
lists three factors critical to the reduction of sar-
coma morbidity and mortality: ( a ) molecular and 
pathological rede fi nitions of sarcomas; ( b ) improve-
ment in primary management, including imaging 
modalities; and ( c ) identi fi cation and development 
of targeted systemic therapies. It is clear that more 
effective, less toxic therapies for synovial sarcoma 
are needed (Eilber and Dry  2008  ) . The  SYT-SSX  
fusion protein may be a useful molecular target that 
will lead researchers to a histology-speci fi c therapy 
(Eilber and Dry  2008  ) . 

 Synovial sarcoma is rare, and metastasis of this 
tumor to the spine is even rarer. Metastases may 
occur in isolated or contiguous regions; the resul-
tant loss of stability or recurrent neural compres-
sion may necessitate reoperation for neurologic 
recovery or preservation (Bilsky et al.  2001 ; Ratliff 
and Cooper  2004  ) . Surgeons should have a high 
index of suspicion when evaluating patients who 
present with a history of synovial sarcoma, a spine 
lesion, and concomitant back pain and neurologic 
symptoms. Thorough radiological work-up should 
include CT and MRI in order to con fi rm the diag-
nosis and ensure appropriate management. 
Although not curative, surgical resection followed 
by spinal decompression, fusion and  fi xation can 
lead to neurologic improvement in patients who 
present with spinal cord compression.       
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  Abstract 

 Achieving gross total resection of the tumor is 
one of the most important factors in promoting 
long-term recurrence-free survival in the man-
agement of spinal intramedullary ependymo-
mas. Therefore, total resection is primary goal 
of treatment in the modern era. In this per-
spective, presence of natural dissection plane 
between the tumor and the spinal cord is cru-
cial to achieve gross total resection. Some 
large tumors, often devoid of dissection plane, 
may preclude gross total resection and increase 
the risk of postoperative neurological compro-
mise. Moreover, modalities of intraoperative 
neurophysiological monitoring have evolved 
recently to avoid additional neurological 
de fi cits in resection of these tumors. In this 
chapter, we describe up-to-date knowledge 
about spinal intramedullary ependymomas 
including re fi ned operative techniques for 
complete resection and surgical outcome.      

   Introduction 

 Ependymoma arises from ependymal cells that 
form the lining of the ventricles of the brain and 
central canal of the spinal cord. Ependymoma of the 
spinal cord is a rare tumor, accounting for less than 
2% of all primary central nervous system tumors. 
However, it is the most common intraspinal tumor. 
It comprises 15% of spinal cord tumors and up to 
60% of spinal cord gliomas (Peschel et al.  1983  ) . 
The WHO classi fi ed ependymomas into four 
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distinct subtypes: subependymomas, myxopapillary 
ependymomas, classic ependymomas, and anaplas-
tic ependymomas (Nagasawa et al.  2011  ) . 

 Spinal cord ependymomas are usually benign 
and curable with surgical resection or in combi-
nation with radiotherapy. However, anaplastic 
ependymomas are less common and have worse 
prognosis. The primary sites of spinal cord 
ependymomas are the cervical and cervico-thoracic 
segments. Surgery is essential for the establish-
ment of a histologic diagnosis and the primary 
removal of the ependymoma. More importantly, 
patients with complete resection may not need 
postoperative radiotherapy. However, complete 
resection is not always possible because of its 
location. In such cases, postoperative radiother-
apy is often necessary. Standard treatment usu-
ally includes radical resection followed by 
radiotherapy for known or suspected residual 
tumors. Compared with intracranial ependymo-
mas, spinal ependymomas are less prevalent, 
occur in a younger population and exhibit a bet-
ter prognosis. Therefore, they establish a charac-
teristic clinical entity and require their own 
management  fl ow.  

   Diagnosis 

 The median age at diagnosis with ependymoma 
is 44 years. The incidence of ependymoma is 
77% of all primary spinal cord tumors in child-
hood (0–19 years) but is 23% in all tumors 
(Schellinger et al.  2008  ) . In the SEER (Surveillance, 
Epidemiology, and End Results Program) data 
(malignant tumors only) used for these analyses, 
the most common histologic diagnosis by age 
group was astrocytoma (total) for the 0–19 year 
group, ependymoma for the 20–44 and 
45–64 year groups, and lymphoma for the 65+ 
year group (Schellinger et al.  2008  ) . 

 Ependymomas are typically non-in fi ltrative 
lesions with a distinct tumor–spinal cord 
plane and are considered resectable, whereas 
 fi brillary astrocytomas, due to their in fi ltrative 
characteristic, are considered non-resectable 
(Nakamura et al.  2008  ) . The advent of mag-
netic resonance (MR) imaging has improved 

the capability of visualizing the extent of 
intramedullary spinal cord tumors and differ-
entiating between cystic and solid components. 
While MR imaging has been shown to provide 
earlier detection of spinal cord tumors, predic-
tion of histological grade on the basis of MR 
imaging is often inaccurate. The typical MR 
imaging protocol for evaluation of the spinal 
cord lesions includes unenhanced sagittal and 
axial T1-weighted and T2-weighted images, as 
well as post-gadolinium-enhanced sagittal and 
axial T1-weighted images. Post-gadolinium-
enhanced images are advantageous to deter-
mine the solid portion of an intramedullary 
neoplasm, cysts, other enhancing pathologic 
entities, or other features that may modify the 
differential diagnosis. 

 Ependymomas cause expansion of the spinal 
cord typically over three to four segments 
(Fig.  33.1a ). The lesions are hypointense or 
isointense relative to normal spinal cord on 
T1-weighted images (Fig.  33.1b ) and are typi-
cally heterogeneous on T2-weighted images 
(Fig.  33.1c ). Areas of hypercellularity appear 
as hypointense within the bulk of a relatively 
hyperintense lesion on T2-weighted images. 
Hemorrhage can exhibit variable signal on both 
sequences. Ependymomas tend to enhance 
intensely, but heterogeneously, and often have 
well-de fi ned margins. In addition, intratumoral 
and peritumoral cysts can be often identi fi ed 
(Fig.  33.1c ).  

 The many efforts using MR imaging for 
prevention neurological deterioration after sur-
gery are introduced. Diffusion tensor imaging 
of the spinal cord is one of them but is limited 
by bony structures surrounding the spinal cord 
and the low signal-to-noise ratio. These 
dif fi culties were overcome by the advent of 
3-T technologies and the development of new 
diffusion tensor imaging protocols. Diffusion 
tensor imaging and tractography have been 
used successfully in the intramedullary tumors 
(Vargas et al.  2008  ) . Until now, however, there 
have been no large-scale studies comparing the 
results of diffusion tensor imaging tractography 
and microsurgical treatment of intramedullary 
tumors.  
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   Intraoperative Neurophysiologic 
Monitoring 

 Recent advances in technology and neurophysi-
ological methodologies have signi fi cantly altered 
intraoperative neurophysiological monitoring 
(INM) during spinal and spinal cord surgery. 
Somatosensory evoked potentials (SSEPs) were 
 fi rst used about 30 years ago to monitor the spinal 
cord during surgical correction for scoliosis 
(Nash et al.  1977  ) . Despite preservation of SSEPs, 
serious motor de fi cits were observed, thus bring-
ing into question their capacity to monitor spinal 
cord motor tracts. 

 More recently, transcranial, electrically-elicited, 
motor evoked potentials (Tc-MEPs) have been 
used to assess the integrity of motor tracts during 
removal of spinal cord tumors, correction of sco-
liosis and cervical spine surgery (Deletis and Sala 
 2008  ) . Over individual monitoring alone, com-
bined SSEP and MEP monitoring has several 

theoretical advantages, including the ability to 
monitor a larger number of patients, the increased 
accuracy provided by complementary informa-
tion from two independent systems with a reduced 
risk of false negatives, and perhaps an increased 
sensitivity in detecting early spinal cord dysfunc-
tion (Hyun et al.  2009  ) . 

   Anesthetic Considerations 

 Anesthesia is maintained with continuous infu-
sion of propofol (10 mg/kg/h) and remifentanil 
(0.25  m g/kg/min). A single bolus of non-depolar-
izing short acting muscle relaxant (rocuronium) 
is given at induction to facilitate endotracheal 
intubation and ventilation. No paralytic agents 
are used after induction and intubation. The level 
of neuromuscular block is monitored by record-
ing the compound muscle action potentials 
(CMAPs) to a train of four stimuli. Invasive blood 

  Fig. 33.1    T1 weighted magnetic resonance ( MR ) 
image with gadolinium enhancement showed intramed-
ullary peripheral enhancement around low signal inten-
sity area from C4 to T1 level. ( a ) Histopathologic 
examination con fi rmed cellular ependymoma (WHO 
grade II). T1 weighted sagittal MR image showed 

hypo- or iso- signal intensity in the tumor. ( b ) In the 
other case of ependymoma, typical heterogenous high 
signal intensity in T2 weighted image was noticed in 
the whole cervical spinal cord. ( c )  Arrow  indicated 
peritumoral edema and  arrow head  indicated syrinx 
cavity each other       
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pressure, electrocardiogram (ECG), end-tidal 
carbon dioxide concentration (ETCO 

2
 ), pulse 

oximetry and temperature are monitored. Patients 
are actively warmed throughout the procedure.  

   Intraoperative SSEPs 

 Stimulation of SSEP is accomplished with square-
wave electrical pulses of 0.3 ms duration and a 
maximum intensity of 25 mA at a frequency of 
5 Hz. Surface stimulating electrodes are placed 
over each median nerve at the wrist and over each 
posterior tibial nerve at the ankle. Evoked poten-
tials are recorded in a referential fashion from the 
C3 (right median nerve stimulation), C4 (left 
median nerve stimulation) and Cz (right and left 
tibial nerve stimulation) positions, and from a ref-
erence electrode at FPZ (International 10–20 sys-
tem). The  fi lter bandwidth is 20–1,500 Hz, and 
the SSEP amplitude is measured peak-to-peak.  

   Intraoperative MEPs 

 Multi-pulse transcranial electrical stimulation is 
performed using a commercially available IOM 
electrical stimulator. Nine-millimeter disc or sub-
dermal needle electrodes are attached to the scalp 
with collodion 6 cm anterior to Cz and at C3 and 
C4 (International 10–20 system). Bipolar stimu-
lation is used. Trains of either four or  fi ve pulses 
(individual stimulus duration of 50 ms) with 
interstimulus intervals of 2, 3, or 4 ms are used, 
depending on which provided the best recording, 
with a period of at least 30 s between two succes-
sive trains. Stimulus intensity is gradually 
increased (50 V increments from 100 V to a max-
imum of 600 V) until MEP amplitudes are maxi-
mized above a minimum of 20 mV. If response 
amplitudes of at least 20 mV cannot be obtained 
from either leg, MEP monitoring is abandoned. 
MEPs are recorded simultaneously from the tibi-
alis anterior and abductor halluces muscles of 
both legs and from the abductor pollicis muscles 
of both arms using a pair of non-insulated subcu-
taneous needle electrodes inserted 3 cm apart in 
each muscle. The time base is 100 ms, and the 

 fi lter bandpass was 20–5,000 Hz, using restricted 
high-pass  fi lters.  

   Electrophysiological Monitoring 

 Neurophysiologic monitoring during surgery was 
performed. Baseline readings are obtained prior to 
skin incision and after opening of the dura mater. 
Waveforms are analyzed for latency and peak-to-
peak amplitude. Stimulation is alternated between 
SSEP and MEP in continuous order. Reduced 
SSEP amplitude of >50% and increased latency of 
>10% of baseline values are regarded as signi fi cant 
(Sala et al.  2006  ) . When using propofol for main-
tenance anesthesia, decrements in MEP amplitude 
>50% of baseline values, providing the levels of 
neuromuscular blockade and general anesthesia 
remain unchanged, are indicative of a signi fi cant 
change. The level of neuromuscular block is moni-
tored by recording the CMAPs from either the 
abductor hallucis or tibialis anterior muscle to a 
train of four supramaximal stimuli (2 Hz, 0.2 ms 
duration) delivered to the tibial nerve at the ankle 
or the peroneal nerve at the  fi bula head. CMAPs 
are recorded either before or after each MEP trial. 
The surgical team is immediately informed of any 
signi fi cant IOM changes.  

   Surgical Impact of Combined INM 

 In our experiences, combined INM resulted in 
alteration of surgical strategy in all cases with 
signi fi cant potential changes. MEP deterioration 
prompted an immediate pause of the operation 
and a thorough inspection of the operating  fi eld 
after considering external factors (i.e. mean arte-
rial pressure, hemoglobin, hematocrit, technical 
problems, etc.) as a cause of amplitude reduction. 
Depending on the procedure and the cause of 
positive recordings, speci fi c measures, such as 
temporarily ceasing the retraction of the dorsal 
columns, rinsing of the operative site with nimo-
dipine and longer pausing, were undertaken. 
Corrective measures for the management of MEP 
deterioration typically include temporary or 
de fi nite halt of resection, temporary cessation in 
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the retraction of the dorsal columns, and rinse of 
the operative site with nimodipine (Fig.  33.2 ).  

 Quinones-Hinojosa et al.  (  2002  )  eloquently 
demonstrate the use of spinal cord mapping for 
the tumor resections. They used intraoperative 
spinal stimulation for the elicitation of SSEPs. 
The antidromically elicited SSEPs allowed the 
accurate de fi nition and determination of the loca-
tion of the midline in the spinal cord distorted by 
tumor. This provides for a more con fi dent and 
accurate placement of the myelotomy incision. 
They directly stimulated the spinal cord and found 
that stimulation of the abnormal tissue did not 
elicit electromyographic activity. However, stim-
ulation of the periphery of the tumor elicited an 
electromyographic response before normal spinal 
cord was visualized, suggesting that traction on 
the tumor margin could endanger the corticospi-
nal tracts. It is unclear whether the mapping facili-
tated tumor resection, because the authors did not 
specify whether there was an obvious cleavage 
plane between the tumor and the spinal cord.  

   Corrective Measures in MEP 
Deterioration 

 Three useful factors are known to promote the 
recovery of lost myogenic MEPs or deteriorated 
SSEPs during spinal cord surgery (Sala et al. 
 2006  ) . 

 Time is the  fi rst factor. INM can provide 
real-time neurophysiological data that can accu-
rately assess the well-being of the spinal cord and 
suggest whether or not it is ready to sustain fur-
ther manipulation (Deletis and Sala  2008  ) . From 
this perspective, surgery timing is probably one 
of the most critical factors affecting the surgical 
outcome. The second factor is irrigation. Irrigation 
of the surgical  fi eld with warm saline dilutes 
potassium, which accumulates in the extracellu-
lar space and may block conduction. In addition, 
irrigation generally removes irritating blood 
products and metabolites. The third factor is a 
combination of local application of papaverine 
and increasing mean arterial pressure. These steps 

  Fig. 33.2    Tracing of SSEP ( a ) and MEP ( b ) during the 
critical stage of the operation in patient having intramed-
ullary ependymoma in the upper thoracic spinal cord. 
Bilateral loss of MEP was accompanied by SSEP loss and 
no recovery. A permanenet motor de fi cit of both legs 

occured post-operatively. ( c ) T1-weighted gadolinium-
enhanced MRI demonstrating an intramedullary spinal 
cord tumor with syrinx formation. (histology: 
ependymoma)  TN  tibial nerve,  TA  tibialis anterior,  AH  
abductor halluces muscle       
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have been found to improve local tissue perfusion 
to counteract an incipient ischemia. In the current 
study, correction of systemic hypotension was 
correlated with the rate of recovery from intra-
operative EP deterioration. 

 Does the use of monitoring improve the 
 functional outcome? The real impact of neuro-
physiological monitoring on the neurological 
outcome after intramedullary ependymoma sur-
gery remains    controversial and very dif fi cult to 
prove based on control studies (Hyun and Rhim 
 2009  ) . In fact, many neurosurgeons who operate 
with the assistance of IOM and believe in its 
ef fi cacy to prevent neurological de fi cit, would 
not accept a prospective randomized study given 
the ethical and medico-legal concerns of desig-
nating a “control group”. However, a study by 
Sala et al.  (  2006  )  suggests an advantage in neuro-
logical outcome in the monitored group over the 
control group. Since the extent of resection did 
not differ in both groups, the use of monitoring 
does not make the surgeon too “timid” to proceed 
until the tumor resection is, indeed, complete. 
Also, in our experience, the use of monitoring 
does not in fl uence or hinder surgeon’s perfor-
mance in the tumor resection.   

   Operative Procedures 

   Preparation of Patients 

 Under general anesthesia, the patient is placed on 
the operating table in the prone position with the 
chest well padded. A May fi eld skull clamp may 
be useful for cervical tumors. Neurophysiologist 
sets up intraoperative neuromonitoring and 
checks baseline waves of somatosensory evoked 
potentials (SSEP) and motor evoked potentials 
(MEP). Some authors prefer perioperative corti-
costeroids (Hanbali et al.  2002  ) .  

   Surgical Approach 

 After standard antiseptic painting and draping, 
midline skin incision is made. The paraspinal mus-
cles are elevated in subperiosteal fashion, and all 

the soft tissues are cleared from the spinous pro-
cesses and laminae. A laminoplasty is carried out 
with high-speed drill at the appropriate level, and 
the laminae and spinous processes are elevated and 
removed in one piece after incising the interspinous 
ligaments and removing ligamentum  fl avum with a 
small Kerrison rongeur. Bleeding from epidural 
venous plexus and free margins of laminae is con-
trolled appropriately. Spinal intramedullary 
ependymomas are usually echogenic; intraopera-
tive ultrasonography may be used before dural 
opening to determine that the entire tumor is 
suf fi ciently exposed (Hanbali et al.  2002  ) . 

 Under operative microscope, a midline dural 
incision and tack-up sutures with 4–0 silk or 
Nurolon are made. Arachnoid membrane is 
opened in the midline and anchored to the dura 
with small size hemoclips. Arachnoid trabecula-
tions can be released by the use of microscissors, 
and tortuous posterior spinal veins in the midline 
can be cauterized and divided. Some authors pre-
fer dissection and preservation of large pial ves-
sels (Iwasaki et al.  2000  ) .  

   Myelotomy 

 Recognition of the accurate midline prior to 
myelotomy is critical to minimizing neurological 
defects. The midline in a normal cord is identi fi ed 
by the dorsal median sulcus between the bilateral 
posterior columns (Nagasawa et al.  2011  ) . Dorsal 
median sulcus can be con fi rmed by several meth-
ods. First is to note the penetrating pial vessels 
into the dorsal median sulcus (Fig.  33.3a ) 
(Hoshimaru et al.  1999  ) . Second is to inspect dor-
sal root entry zones bilaterally, especially when 
the spinal cord is distorted by tumor growth and 
swelling. Third is to map the dorsal column using 
a grid electrode (Yanni et al.  2010  ) .  

 Once identi fi ed, pia mater along the dorsal 
median sulcus is cut by sharp dissection with either 
No. 11 blade or surgical laser (Hoshimaru et al. 
 1999 ; Hsu et al.  2009  ) . Myelotomy can be deepen 
until identifying the tumor by gently spreading pos-
terior columns with microforceps or  fi ne microdis-
sectors and should be extended to expose rostral and 
caudal poles of the tumor. The use of pial traction 
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suture remains controversial. Pial traction suture 
can provide a clear surgical  fi eld and steady tension 
in posterior columns. However, some argue that pial 
sutures can potentially increase the incidence and 
severity of postoperative dorsal column dysfunction 
(DSD) (Hanbali et al.  2002 ; Kucia et al.  2011  ) .  

   Tumor Dissection 

 The tumor is usually soft and friable in consis-
tency and reddish to gray in color. The intraopera-
tive specimen should be sent to con fi rm the 
diagnosis of ependymoma. Most of the intramed-
ullary ependymomas have clear natural dissection 
plane between the tumor and normal spinal cord 
(Fig.  33.3b ), and relatively small tumors can be 
resected in en-bloc. For large tumors, debulking 
of the tumor using an ultrasonic aspirator facili-
tates the mobilization of the tumor. When the cav-
ity allows the lateral edges of the tumor to be 
easily infolded, the surgeon should try to identify 
a natural dissection plane. Dissection of tumor 
can proceed with holding the tumor edge using a 
small tumor forceps, and gentle retraction should 
be applied to dissect the tumor away from the spi-
nal cord. When mobilizing the tumor, all small 
transversing arteries that are still attached to the 
tumor should be cauterized and cut (Hsu et al. 
 2009  ) . However, some tumors are poorly encap-
sulated, and total resection may be impossible 

without jeopardizing normal structures. A surgeon 
should pay more careful attention to the changes 
of intraoperative neuromonitoring in these cir-
cumstances, and subtotal resection of the tumors 
may be inevitable. In most cases, the rostral pole 
is often associated with a tumor-related syrinx. 
When the rostral pole is freed, the tumor is lifted 
and gently dissected out of the spinal cord. The 
caudal pole is more tapered and usually is con-
nected to the central canal by a dense  fi brous band 
that is also tapered caudally. This  fi brous band is 
cut away. Ventral dissection along the anterior 
median raphe is usually the most dif fi cult part of 
the surgery, because the tumor tends to adhere to 
this particularly thinned-out portion of the cord, 
and feeders branched from anterior spinal artery 
emerges (Hanbali et al.  2002  ) . These small feed-
ers must be cauterized with great care to avoid 
injury to the anterior spinal artery. The tumor bed 
should be inspected to con fi rm the absence of 
residual tumors, and meticulous hemostasis is 
needed. Intraoperative ultrasonography may also 
be used to con fi rm the completeness of the resec-
tion (Hanbali et al.  2002  ) .  

   Closure 

 There are con and pro whether approximating 
both ends of posterior columns with pial sutures 
is necessary or not because it may lead to dorsal 

  Fig. 33.3    An intraoperative photograph shows dorsal 
aspect of spinal cord at cervical spine. ( a ) It denotes the 
dorsal median sulcus at the mid portion between the bilat-

eral dorsal rootlets. During dissection between the normal 
spinal cord and the tumor, clear natural dissection plane is 
visible ( b )       
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column dysfunction. The authors preferred pial 
approximation because it may prevent tethering 
from neural structure to dura mater. Arachnoid 
membrane can be repaired with 8–0 Prolene. 
Some surgeons prefer a thin Gore-Tex sheet to be 
placed over the spinal cord and  fi xed at the rostral 
and caudal ends of dural incision in order to pre-
vent postoperative adhesion between the spinal 
cord and the dura mater (Iwasaki et al.  2000  ) . 
The dura mater is closed in water-tight fashion 
with a running 6–0 prolene suture. Fibrin glue or 
other adhesive agent may be used to prevent CSF 
leakage, and some authors use prophylactic lum-
bar drainage (Manzano et al.  2008  ) . After copi-
ous irrigation and meticulous hemostasis, lamina 
is reconstructed by miniplates, and the muscle 
and skin is closed layer by layer.   

   Oncologic Outcome 

 Gross total resection of the tumor is one of the 
most important factors to promote long-term 
recurrence-free survival in the management of 
intramedullary ependymomas (Chang et al.  2002 ; 
Gomez et al.  2005 ; Hsu et al.  2009  ) . Therefore, 
gross total resection is primary goal of treatment 
in the modern era (Hsu et al.  2009 ; Kucia et al. 
 2011 ; Nagasawa et al.  2011  ) . In this perspective, 
presence of natural dissection plane between the 
tumor and the spinal cord is crucial to achieve 
gross total resection. Some large tumors often 
devoid of dissection plane and may preclude 
gross total resection or increase the risk of post-
operative neurological compromise. 

 Since the incidence of intramedullary 
ependymomas is very low, and many studies are 
based on the data collected over several decades 
in the midst of rapid advancement in surgical and 
imaging technologies, the rates for total resection 
and progression free survival (PFS) have a wide 
variance. In a study of 126 spinal ependymomas 
from 1953 to 2000, the rate of gross total resec-
tion was 50% (Abdel-Wahab et al.  2006  ) . In 
another study of 37 spinal ependymoma patients, 
who underwent surgery as early as 1955, the rate 
of gross total resection was only 11% (Gomez 
et al.  2005  ) . However, more recent studies indicate 

much higher rate of total resection. Hoshimaru 
et al.  (  1999  )  reported total resection of 34 among 
36 patients (94%) with intramedullary ependymo-
mas. Other studies published after 2000 indicate 
the rate of total resection was 73–90% (Iwasaki 
et al.  2000 ; Hanbali et al.  2002 ; Nakamura et al. 
 2008 ; Bostrom et al.  2011 ; Karikari et al.  2011 ; 
Kucia et al.  2011  ) . However, these more recent 
data lack suf fi cient sample size and long-term 
follow up. Nevertheless, these results re fl ect 
changing trend of the role of microsurgery and 
treatment scheme for intramedullary ependymo-
mas over the past several decades. 

 Recurrence rates of intramedullary ependymo-
mas have ranged from 3.8 to 9% according to 
recent studies (Hanbali et al.  2002 ; Bostrom et al. 
 2011 ; Karikari et al.  2011 ; Kucia et al.  2011  ) . 
And Boström et al.  (  2011  )  reported that the PFS 
rate of all 57 patients with spinal cord ependymo-
mas was 89% at 5 years and 84% at 10 years. 
Abdel-Wahab et al.  (  2006  )  reported a PFS rate of 
74, 60, and 35% at 5, 10, and 15 years, respec-
tively, in 126 patients undergoing operations dat-
ing back as early as 1953. Gomez et al.  (  2005  )  
reported a PFS rate of 75, 50, and 46% at 5, 10, 
and 15 years, respectively. Their patients under-
went surgery as early as 1955, with an overall 
recurrence rate of 57% in 37 patients. Recurrence 
rates by ependymoma subtype have ranged from 
25 to 32% for myxopapillary tumors and from 4 
to 43% for classic/anaplastic ependymomas. 
However, Boström et al.  (  2011  )  reported results 
for 57 patients undergoing surgery for spinal 
ependymomas.  

   Radiation Therapy 

 The role of postoperative radiation therapy 
continues to be controversial. In general, the uti-
lization of postoperative radiation following 
gross total resection of a spinal ependymoma is 
not necessary (Nagasawa et al.  2011  ) . 
Furthermore, classic ependymomas have less 
incidence of recurrence or dissemination in com-
parison to myxopapillary type. A gross total 
resection of classic ependymoma can be assumed 
curative and postoperative radiation is not 
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required. Postoperative radiation following 
incomplete resections is generally recommended 
by most investigators (Gavin Quigley et al.  2007 ; 
Hsu et al.  2009 ; Kucia et al.  2011  ) . It is known 
that the utilization of postoperative radiotherapy 
following incomplete resections provide better 
survival and decreased and delayed recurrence 
(Schwartz and McCormick  2000 ; Gilbert et al. 
 2010  ) . In addition, patients with anaplastic 
ependymomas or severe metastatic disease may 
also be good candidates for adjuvant radiotherapy 
(Bostrom et al.  2011 ; Nagasawa et al.  2011  ) . 

 As recurrence is almost always a local phe-
nomenon, prophylactic radiation of the entire 
cranio-radiation axis is not recommended (Hsu 
et al.  2009  ) . Moreover, radiation exposure may 
incur tissue edema, radiation myelopathy, or 
radiation necrosis, spinal deformity, especially in 
pediatric population, and wound healing problem 
(Hanbali et al.  2002 ; Hsu et al.  2009 ; Nagasawa 
et al.  2011  ) . Moreover, radiotherapy may result 
in reactive gliosis and  fi brosis, hardening of the 
ependymoma, and disruption of the natural dis-
section planes (Nagasawa et al.  2011  ) .  

   Prognosis 

   Neurological Outcome 

 Few studies have assessed neurological function 
after treatment. In a recent study, 28% of patients 
experienced a deterioration of neurological func-
tion in the immediate postoperative period 
(Halvorsen et al.  2010  ) . They found no correlation 
between neurological deterioration in the postop-
erative period and tumor subtype (intramedullary 
vs. extramedullary, myxopapillary ependymoma 
vs. ependymoma). Sixty-seven percent of the 
patients with deterioration of neurological func-
tion during the immediate postoperative period 
had postoperative de fi cits that were related to mid-
line myelotomy. Dorsal column dysfunction, an 
expected complication after midline myelotomy, 
accounted for 75% of morbidity, whereas paresis/
paralysis/bladder dysfunction/bowel dysfunction 
and unexpected complications of midline myelo-
tomy accounted for 25% of morbidity. These 

 fi ndings suggested that it is not uncommon for the 
presence of tumor—which frequently causes the 
midline of the medulla to be indiscernible due to 
edema,  fi brosis and/or neovascularization—to pre-
cipitate unintentional dissection through the dorsal 
columns, resulting in postoperative sensory 
de fi cits, including the loss of proprioception 
(Manzano et al.  2008  ) . Deterioration of neurologi-
cal function during the immediate postoperative 
period was permanent in 67% and transient in 33% 
(Halvorsen et al.  2010  ) . 

 Some authors state that for the most part, 
severe neurological de fi cit at the onset does not 
improve after treatment, and that only minor 
symptoms, such as pain and mild weakness, 
improve after treatment (Garcia  1985  ) . Kopelson 
et al.  (  1980  )  report that most neurological de fi cits 
that are present before surgery either do not 
resolve or deteriorate. In this study, duration of 
symptoms relative to postoperative neurological 
de fi cit was not statistically signi fi cant; however, 
good preoperative neurological function was a 
positive prognostic factor for long-term neuro-
logical function. As do others, the authors recom-
mend immediate removal of the ependymoma 
after diagnosis instead of delaying surgery until 
neurological deterioration occurs   . At follow-up, 
most of our patients had neurological function 
compatible with an independent life.  

   Prognostic Factors for Functional 
Outcome 

 The prognostic importance of the preoperative 
functional status has also been stressed by others; 
Jenkinson et al.  (  2006  )  revealed the role of preop-
erative status as the only predicting factor in mul-
tivariate analysis. However, extent of tumor was 
not tested in their model, and only one postopera-
tive examination was done at variable time inter-
vals. The preoperative neurological status is 
prognostically important for functional outcome. 
Woodworth et al.  (  2007  )  identi fi ed the ability to 
walk preoperatively to be a signi fi cant factor for 
the postoperative ability to walk. They also 
revealed preoperative radiation therapy (conducted 
for unknown reasons) and preoperative serum 
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glucose level greater than 170 mg/dl to be predicting 
factors for poor outcome. However, both authors 
did not differentiate between early and late 
outcomes.       
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  Abstract 

 Intramedullary astrocytoma is one of the less 
common tumors of the central nervous sys-
tem. The impact of prognostic factors on 
survival can play a major role in treatment 
planning and help in patient counseling; how-
ever con fl icting conclusions are reported in 
the literature. We try to assess the importance 
of various patient-, tumor- and treatment- 
related factors on disease prognosis and patient 
survival. Particular attention is turned to the 
following: patient age, gender, history length, 
functional status, tumor location and extent, 
tumor associated cyst or syrinx presence, as 
well as tumor grade. Treatment strategies 
(resection extent and radiotherapy) are also 
evaluated.      

   Introduction 

 Intramedullary spinal cord tumors (IMSCT) 
account for approximately 2–4% of all central 
nervous system tumors and for 20–25% of spinal 
tumors (Helseth and Mork  1989 ; Slooff et al. 
 1964  ) . The most common tumors encountered are 
ependymomas and astrocytomas. Ependymoma 
diagnosis is rare among children; it is usually 
encountered in middle-aged patients. Contrary, 
intramedullary astrocytomas constitute the majority 
of IMSCTs found in children and young adults 
(Constantini et al.  2000 ; Helseth and Mork  1989 ; 
Slooff et al.  1964  ) . Whereas ependymoma can be 
considered a surgical disease with a clear plane of 
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dissection (Brotchi et al.  1991  ) , in fi ltratively 
growing astrocytoma can seldom be resected 
radically (Fig.  34.1 ) (Innocenzi et al.  1997 ; Jallo 
et al.  2001 ; Kim et al.  2001 ; Minehan et al.  2009 ; 
Przybylski et al.  1997  ) . Therefore, less radical 
surgery or biopsy is recommended to prevent 
neurological decline in cases where clear spinal 
cord-tumor interface cannot be identi fi ed (Garces-
Ambrossi et al.  2009  ) .  

 The majority of intramedullary astrocytomas 
are low grade lesions; grade III and IV tumors 
represent together approximately 8–13% of 

intramedullary tumors of astrocytic origin (Santi 
et al.  2003 ; Slooff et al.  1964  ) . These are usually 
associated with rapid progression. The addition 
of radiotherapy to the treatment regimen can be 
considered a necessity in the setting of high grade 
tumor (Stupp et al.  2005  ) , however its use is con-
troversial in low grade lesions. Thus, it varies 
considerably among centers: patients are irradi-
ated according to extent of resection (Kim et al. 
 2001 ; Sandler et al.  1992  ) , rapidity of preopera-
tive disease progression (Rossitch et al.  1990  )  or 
it is a standard part of treatment protocol (Huddart 

  Fig. 34.1    Grade II intramedullary astrocytoma. Contrast enhanced MRI showing an intramedullary cystic lesion with 
an enhancing nodule. Preoperative ( upper row ) and postoperative scan con fi rming gross total resection ( lower row )       
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et al.  1993 ; Jyothirmayi et al.  1997 ; Kopelson 
et al.  1980  ) . 

 Despite advances in surgical techniques and 
adjuncts, diagnostic imaging and adjuvant onco-
logical therapy observed during the last decades, 
the diagnosis of intramedullary astrocytoma 
remains a therapeutical challenge. The knowledge 
of impact of various factors on prognosis can 
play a major role in treatment planning and may 
help in patient counseling. Prognostic factors 
affecting survival are reported in the literature 
with sometimes con fl icting results. We try to 
summarize these  fi ndings and point out the con-
troversies. The obvious goal would be de fi nition 
of an optimal treatment strategy, however due to 
the rarity of the tumor and resulting lack of ran-
domized trials this task is impossible. Regarding 
the discussion and conclusions drawn, the reader 
is asked to keep certain reservations in mind. We 
were unable to  fi nd a single intramedullary astro-
cytoma study with prospective data collection 
(Benes et al.  2009  ) . Studies usually span decades 
and only few patients are treated each year. The 
largest study to date includes 136 patients and 
spans 43 years (Minehan et al.  2009  ) . Reports are 
therefore abundant with many methodological 
errors: small number of patients precluding con-
clusions, patient exclusion and selection bias, 
incomplete follow-up, changing surgical philoso-
phy and treatment strategy or lack of proper 
statistical analysis, to name just a few. This is not 
to criticize the authors, our own study suffers 
from these shortcomings as well (Benes et al. 
 2010  ) . Rather, it is the re fl ection of rarity of 
intramedullary astrocytoma contrary to its intrac-
ranial counterpart. Additionally, intramedullary 
astrocytoma patients sometimes constitute only a 
part of an IMSCT study, and results are not infre-
quently reported together with other histologies, 
further limiting possible conclusions.  

   Patient Related Factors 

   Age 

 Prognostic signi fi cance of age is reported in many 
studies and key  fi ndings are shortly summarized. 

In accordance several authors found increased 
age to negatively affect survival or recurrence 
rates (Benes et al.  2010 ; Lee et al.  2003 ; Minehan 
et al.  2009 ; Rodrigues et al.  2000 ; Sandler et al. 
 1992  ) . Furthermore, Santi et al.  (  2003  )  in a study 
of malignant astrocytoma also reported shorter 
median survival for patients older than 40 years 
in comparison to younger patients (Santi et al. 
 2003  ) . A large multicenter review from France 
dealing exclusively with pediatric patients found 
patients younger than 7 years to have better 
10-year overall survival (OS) than patients older 
than 7 years: 76 vs. 38%, p = 0.04 (Bouffet et al. 
 1998  ) . Unfortunately, this study did not specify 
histological or therapeutically aspects within 
these age groups, inadvertently bias could be 
introduced. Other authors failed to  fi nd signi fi cant 
relationship between age and prognosis (Benes 
et al.  2009  ) . This can be attributed for example to 
comparison across age groups within the study or 
histological composition (Minehan et al.  2009  ) . 
Of note, several studies report long term survi-
vors (exceeding 10 years) among children with 
high grade tumors (Bouffet et al.  1998 ; Constantini 
et al.  2000 ; McGirt et al.  2008 ; O’Sullivan et al. 
 1994 ; Przybylski et al.  1997  ) , which is a rather 
unusual  fi nding in adult population. Comparing 
pediatric patients to adults within one study can-
not detect difference in survival among children, 
particularly when the analysis is limited by small 
number of patients. Possibly, pediatric intramed-
ullary astrocytoma is a biologically diverse 
disease and this was re fl ected in the large French 
study. With reservations mentioned in the 
Introduction, we can conclude that prognosis is 
more favorable in younger patients.  

   Gender 

 Gender as a prognostic factor is reported in numer-
ous studies, although the majority of these fail to 
 fi nd an association (Benes et al.  2009  ) . Female 
patients were found to have better 10-year OS 
(100%) compared to male patients (34%, p < 0.01) 
in the study of (Huddart et al.  1993  ) . This 
signi fi cance was kept after strati fi cation by grade. 
Similarly, Jyothirmayi et al.  (  1997  )  reported 
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increased progression-free survival (PFS) for 
female patients (90 vs. 65%, p = 0.03) (Jyothirmayi 
et al.  1997  ) . On the other hand, the allready men-
tioned French study found increased 10-year OS 
in boys (79 vs. 39%, p = 0.04) (Bouffet et al. 
 1998  ) , which further supports the hypothesis 
about tumor diversity in children. However, based 
on the available literature, no conclusion regarding 
in fl uence of gender on survival can be drawn.  

   History Length 

 Impact of history length on survival is reported in 
several studies. Whereas some fail to identify a 
relationship (Benes et al.  2009  ) , other in accord 
report shorter history length to be associated with 
worse prognosis. Symptom duration shorter than 
2 months (Bouffet et al.  1998  ) , 6 months (Minehan 
et al.  2009 ; Rodrigues et al.  2000  )  and 1 year 
(Innocenzi et al.  1997  )  were all reported to be 
associated with decreased survival rates. Perhaps 
not surprisingly, patients with grade III tumors had 
signi fi cantly longer history length (12 ± 18 months) 
when compared to grade IV patients (2 ± 1 months, 
p = 0.07) in a study dealing with malignant astro-
cytomas (McGirt et al.  2008  ) . Minehan et al. (  2009  )  
likewise found patients harboring pilocytic astro-
cytoma to have less frequently symptom duration 
shorter than 6 months (32%) contrary to patients 
with in fi ltrative tumors (51%, p = 0.03) (Minehan 
et al.  2009  ) . Availability of MRI could have played 
an important role in shortening time to diagnosis. 
Raco et al.  (  2005  )  reported average time of symp-
tom duration to be 3.7 years in the  fi rst 10 years of 
study and 2.1 years in the last 10 years of study 
when MRI was routinely used (Raco et al.  2005  ) . 
With the expansion and accessibity of MRI in 
recent years, this is no longer an issue. Keeping 
these reservations in mind, shorter preoperative 
disease duration can be considered a negative 
prognostic factor.  

   Functional Status 

 Favorable preoperative neurological condition is 
the main predictor for satisfactory postoperative 

neurological recovery and function (Brotchi et al. 
 1991 ; Constantini et al.  2000 ; Cristante and 
Herrman  1994 ; Epstein et al.  1992 ; Innocenzi 
et al.  1996 ; Lee et al.  2003 ; Nakamura et al.  2006 ; 
Raco et al.  2005 ; Rossitch et al.  1990  ) . Severe 
and long-lasting de fi cits rarely, if ever, resolve. 
Thus, not surprisingly, three studies in accord 
reported better survival rates and longer survival 
periods (Innocenzi et al.  1997 ; Kim et al.  2001 ; 
Lee et al.  2003  ) . In fact functional status was the 
only important prognostic factor among low 
grade astrocytomas (Kim et al.  2001  ) . In other 
studies the difference did not reach signi fi cance 
(Benes et al.  2009 ; Huddart et al.  1993 ; 
Jyothirmayi et al.  1997  ) . Regarding preoperative 
neurological condition, we can safely conclude, 
that the best chance for satisfactory postoperative 
functional recovery and survival is in patients 
operated early in the course of disease before 
functional decline occurs.   

   Tumor Related Factors 

   Tumor Location 

 Tumor location in thoracic spinal cord was asso-
ciated with better survival rates in both low and 
high grade tumors (Nakamura et al.  2006  ) . 
Similarly, Minehan et al.  (  2009  )  reported 
improved median survival for tumors located 
outside the cervical region when compared to 
those located in the cervical spinal cord (306 vs. 
63 months, p = 0.048) as well as for tumors 
located in the thoracic spinal cord when com-
pared to those with no thoracic involvement (254 
vs. 49 months, p = 0.02). This distinction was 
kept when analysed within pilocytic and 
in fi ltrative astrocytoma subgroups (Minehan 
et al.  2009  ) . Respiratory paralysis as a conse-
quence of medulla involvement is believed to be 
the cause of death (Nakamura et al.  2006 ; Raco 
et al.  2010  )  and tumors located in the cervical 
spinal cord need shorter time to reach it. However, 
several other studies did not identify a signi fi cant 
relationship between survival and tumor location 
(Benes et al.  2009  ) , thus these conclusions can-
not be accepted without reservations.  
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   Tumor Extent 

 Although several studies report tumor extent as a 
prognostic factor (Benes et al.  2009  ) , only two 
identi fi ed a signi fi cant relationship. Kim et al. 
 (  2001  )  found tumors spanning four or more seg-
ments to be associated with shorter mean survival 
than less extensive tumors (46.1 vs. 119.6 months, 
p < 0.05). In the largest intramedullary astrocy-
toma study performed to date, patients with holo-
cord involvement had shorter median survival 
than those without (7 vs. 186 months, p = 0.048) 
(Minehan et al.  2009  ) . In contrast, analysis of 
pilocytic and in fi ltrative astrocytoma subgroups 
found only nonsigni fi cantly improved survival 
among pilocytic tumors spanning  fi ve or more 
levels (Minehan et al.  2009  ) . Thus, no conclu-
sions regarding the impact of tumor extent on 
prognosis can be drawn.  

   Syrinx/Cyst Presence 

 The presence of tumor associated cysts or 
intramedullary peritumoral syrinx was associated 
with better prognosis in two studies in terms of 
improved 5-year OS (Huddart et al.  1993 ; 
Jyothirmayi et al.  1997  )  or 5-year PFS (Jyothirmayi 
et al.  1997  ) . Contrary, other studies  found no such 
in fl uence (Benes et al.  2009  )  precluding any 
meaningful conclusions.  

   Tumor Grade 

 Unsurprisingly, studies in accord report better 
survival rates for low grade tumors (grade I and 
II) when compared to high grade tumors (grade 
III and IV) (Benes et al.  2009  ) . For low grade 
astrocytoma, 5-year OS ranged between 58% 
(Kopelson et al.  1980  )  and 100% (Robinson et al. 
 2005  )  and 10-year OS between 43% (Hulshof 
et al.  1993  )  and 83% in children (Przybylski et al. 
 1997  ) . Majority of studies reported 5-year OS to 
range between 60 and 80% (Benes et al.  2009  ) . In 
addition, Minehan et al.  (  2009  )  found signi fi cantly 
greater 10-year OS (78%) as well as median sur-
vival (39.9 years) for grade I tumors when com-

pared to grades II-IV (17% and 1.85 years, 
p < 0.001). Similarly, survival worsened with 
each histological grade (Minehan et al.  2009  ) . 
Signi fi cant difference between grade III and IV 
tumors in median survival (72 vs. 9 months, 
p = 0.0001) as well as 5-year OS (59 vs. 0%, 
p = 0.0001) was reported in a study of malignant 
astrocytoma (McGirt et al.  2008  ) , although other 
studies of high grade tumors did not con fi rm this 
difference (Raco et al.  2010 ; Santi et al.  2003  ) . 
Similarly to intracranial glioblastoma, median 
survival in grade IV tumors is generally less than 
a year (Benes et al.  2009  ) , with the allready men-
tioned exception of a subset of pediatric patients 
(Bouffet et al.  1998 ; Constantini et al.  2000 ; 
McGirt et al.  2008 ; O’Sullivan et al.  1994 ; 
Przybylski et al.  1997  ) . Survival analyses in stud-
ies reporting 25 or more patients are presented in 
Table  34.1 . Regarding tumor grade, we can safely 
conclude that it is the most decisive factor 
in fl uencing survival.    

   Treatment Related Factors 

   Resection Extent 

 Resection radicality needs to be considered in the 
context of histology. Regardless of tumor grade, 
gross total resection (GTR) was reported to be 
superior to less extensive resection in two studies. 
Przybylski et al.  (  1997  )  found reduced risk of 
recurrence in pediatric patients (0 vs. 69%, 
p = 0.029) (Przybylski et al.  1997  ) . Similarly, 
Abdel-Wahab in a multicenter review reported 
signi fi cant risk reduction for 15-year PFS for 
GTR, however, its impact on 15-year OS was 
non-signi fi cant (Abdel-Wahab et al.  2006  ) . 
Additionally, another pediatric series compared 
subtotal resection (STR) to biopsy and reported 
increased 7-year OS (100 vs. 42%, p = 0.02) 
(Reimer and Onofrio  1985  ) . On the other hand, 
several other studies did not report signi fi cantly 
improved survival rates for more extensive resec-
tion (Benes et al.  2009  ) . 

 Resection extent speci fi ed for low grade 
tumors was found to bear no in fl uence on sur-
vival in numerous reports (Benes et al.  2009  ) . 
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Constantini et al.  (  2000  )  in a pediatric series 
reported signi fi cantly better 10-year PFS for 
patients undergoing GTR or STR in comparison 
to less than 80% resection, however the differ-
ence between GTR and STR was insigni fi cant 
(Constantini et al.  2000  ) . Another study reported 
decreased 10-year OS for biopsied patients 
(Nakamura et al.  2006  ) , contrary to Minehan 
et al.  (  2009  )  who found a trend for improved sur-
vival for biopsied patients with pilocytic tumors 
(p = 0.07) (Minehan et al.  2009  ) . Of note, Epstein 
et al.  (  1992  )  observed no recurrence among 17 
patients receiving GTR during a mean follow-up 
of 50 months (Epstein et al.  1992  ) . On the other 
hand, Jallo et al.  (  2001  )  found “GTR and STR 
equally ef fi cacious for long-term survival” (Jallo 
et al.  2001  ) . 

 Among patients with grade III tumors, GTR 
was associated with better 4-year OS in compari-
son to STR (78 vs. 38%, p = 0.028) (McGirt et al. 
 2008  ) . This study also did not observe any dis-
semination among GTR patients, whereas 60% 
of STR patients developed disseminated disease 
(p = 0.01). However, the difference only trended 
toward signi fi cance on multivariate analysis. An 
additional study found decreased 5-year OS for 
biopsied patients when compared to those under-
going GTR or less extensive resection (Nakamura 
et al.  2006  ) . Contrary, several other studies did 
not report any survival advantage for more exten-
sive resection (Benes et al.  2009  ) . Based on the 
available evidence, no sound conclusions regarding 
the in fl uence of resection extent on survival can 
be made.  

   Radiotherapy 

 Similarly to resection extent, the addition of radio-
therapy has to be considered in the context of 
histology. No signi fi cant difference between 
irradiated and non-irradiated patients was reported 
in studies which did not analyze patients according 
to tumor grade (Benes et al.  2009  ) . The addition 
of radiotherapy in low grade tumors was not found 
to signi fi cantly prolong survival in the majority of 
reports (Benes et al.  2009  ) . Only Abdel-Wahab 
et al.  (  2006  )  reported signi fi cantly reduced 

adjusted hazard ratio (0.24, p = 0.02) for 15-year 
PFS in patients treated with radiotherapy following 
surgery in comparison to surgery alone. However, 
15-year OS was not affected (Abdel-Wahab et al. 
 2006  ) . In the largest study published to date, 
radiotherapy among patients with pilocytic tumors 
resulted in nonsigni fi cantly improved survival (80 
vs. 73%, p = 0.33) (Minehan et al.  2009  ) . The role 
of radiotherapy in the treatment of low grade 
intramedullary astrocytoma needs to be clari fi ed 
in the future. 

 Patients with high grade tumors are likely to 
undergo radiotherapy as a part of the treatment 
regimen (McGirt et al.  2008 ; Santi et al.  2003  ) , 
thus only few reports comparing treated and 
untreated patients are available. Minehan et al. 
 (  2009  )  found prolonged median survival after 
radiotherapy among patients with in fi ltrative 
(grade II-IV) astrocytomas (Minehan et al.  2009  ) . 
Similarly, a recent study of malignant astrocy-
tomas reported increased mean survival for 
patients treated with radio- and chemotherapy in 
comparison to patients undergoing surgery only. 
Mean survival increased from 10.6 to 22 months 
(p = 0.05) (Raco et al.  2010  ) . The rather poor 
prognosis of adult high grade intramedullary 
astrocytoma should prompt the treating physician 
to administer oncological therapy known to pro-
long life-expectancy, such as radiotherapy plus 
concomitant and adjuvant chemotherapy with 
temozolomide as has been shown in intracranial 
glioblastoma (Stupp et al.  2005  ) .   

   Discussion 

 Although no studies on natural history of 
intramedullary astrocytoma have been performed 
to date, it is believed to be slowly progressive. 
Patients and treating physicians are then faced 
with inconspicuously worsening neurological 
status which warrants treatment. Once a neuro-
logical de fi cit is present, its regression after 
surgery cannot be guaranteed. Best functional 
results in intramedullary surgery are achieved 
among patients operated in good preoperative 
function (Brotchi et al.  1991 ; Constantini et al. 
 2000 ; Cristante and Herrmann  1994 ; Epstein 
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et al.  1992 ; Innocenzi et al.  1996 ; Lee et al.  2003 ; 
Nakamura et al.  2006 ; Raco et al.  2005 ; Rossitch 
et al.  1990  ) . A policy of watchful waiting has to 
be carefully considered and does not play a major 
role in IMSCT management. Surgical treatment 
allows for obtaining a representative histological 
sample. Furthermore, possible mass effect on 
surrounding tissue is relieved by tumor debulking. 
Duraplasty and laminoplasty can provide addi-
tional space for future tumor growth. Smaller 
residual tumor burden is advantageous for adju-
vant oncological therapy. As has been shown in 
intracranial gliomas, prolonging survival with 
more radical resection is an achievable aim (Sanai 
and Berger  2008  ) . However, intracranial tumors 
are not always located in eloquent and function-
ally important areas, contrary to intramedullary 
astrocytoma which are always surrounded by 
motor and sensory pathways and neurons. In fact, 
studies have demonstrated the presence of normal 
neurons within intramedullary astrocytoma itself 
(Epstein et al.  1992  ) , so the notion of radical 
resection of in fi ltratively growing intramedullary 
astrocytoma is at best questionable. Postoperative 
function takes precedence over resection radicality. 
Patients with worsened postoperative functional 
status have decreased survival as well (Innocenzi 
et al.  1997 ; Kim et al.  2001 ; Lee et al.  2003  ) , so 
the advantage of more extensive resection is lost. 
In cases, where clear spinal cord-tumor plane of 
dissection can be identi fi ed, more radical resec-
tion can be safely pursued. Actually, Garcés-
Ambrossi et al.  (  2009  )  found increased PFS for 
astrocytoma patients where such a plane of resec-
tion was identi fi ed (Garces-Ambrossi et al.  2009  ) . 
Further assurance is brought by the addition of 
intraoperative electrophysiological monitoring, 
which can nowadays be considered a standard 
part of surgical armamentarium. Postoperative 
MRI should be another standard part of evalua-
tion and is considered superior to intraoperative 
assessment of resection extent, as it is in intracra-
nial glioma surgery. Not many studies reported 
superior survival results for more extensive resec-
tion (Benes et al.  2009  ) . As only few patients 
undergo GTR, these are sometimes analyzed 
together with those undergoing STR in order to 
increase statistical power. These patients are then 

compared to less extensive resection or biopsy 
(Benes et al.  2009  ) . Obviously, superiority of 
GTR over STR cannot be detected this way, how-
ever inferior results of less extensive resection or 
biopsy can be found (Nakamura et al.  2006  ) . Less 
extensive resection can contain a wide spectrum 
of surgical results and when compared to GTR 
may overestimate importance of GTR (Abdel-
Wahab et al.  2006 ; Sanai and Berger  2008  ) . 

 Radiotherapy in the treatment of low grade 
intramedullary astrocytoma is controversial. 
Studies of low grade intracranial astrocytomas 
have demonstrated increased PFS after less than 
radical resection, however, OS was not improved 
(Karim et al.  2002  ) , which is similar to Abdel-
Wahab’s conclusions in intramedullary astrocy-
toma (Abdel-Wahab et al.  2006  ) . Similarly to 
intracranial gliomas, disease progression is usu-
ally manifested locally (Rodrigues et al.  2000  ) . 
Furthermore, Minehan et al.  (  2009  )  and Garcia 
 (  1985  )  found a dose–response relationship for 
patients receiving more than 35 and 40 Gy, 
respectively (Garcia  1985 ; Minehan et al.  2009  ) , 
however doses exceeding 50 Gy were not associ-
ated with increased survival (Benes et al.  2009  ) . 
These  fi ndings speak for the addition of radio-
therapy with the goal of slowing disease progres-
sion and preventing associated neurological 
decline. Contrary, radiotherapy may not be as 
effective in slow growing tumors where cells are 
not undergoing mitosis (Innocenzi et al.  1996  ) . 
Limited tolerance of the spinal cord to radiation 
is further impaired in the presence of an expan-
sive lesion (Marcus and Million  1990  ) . Biopsy 
and external decompression alone may lead to 
long-term survival (Innocenzi et al.  1997 ; 
Przybylski et al.  1997  ) . Also, keeping radiother-
apy in reserve for disease progression following 
radical surgery is an acceptable treatment option 
(Epstein et al.  1992 ; Jallo et al.  2001  ) . Avoidance 
of radiotherapy in children and infants where 
skeleton and spinal cord is still developing is also 
essential (Constantini et al.  2000  ) . In addition, 
radiotherapy can increase the risk of development 
of second malignancy: a 13% risk at 20 years has 
been reported (O’Sullivan et al.  1994  ) . Referral 
of patients in poorer condition to radiotherapy 
may be the reason for inferior survival results in 
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some studies (Przybylski et al.  1997 ; Sandler 
et al.  1992  ) . 

 In conclusion, the diagnosis of low grade 
intramedullary astrocytoma continues to pose a 
signi fi cant treatment dilemma. Wait and see 
policy does not seem to be a therapeutical option 
in newly diagnosed tumors. Although disease 
progression can be delayed by maximal safe 
resection controlled by intraoperative neurophysi-
ological monitoring, worsened functional status 
must not be the cost for radicality. The addition of 
radiotherapy in the setting of low grade intramed-
ullary astrocytoma is at best controversial and 
needs further study. 

 Treatment of high grade intramedullary astro-
cytoma continues to be defeated by the aggres-
sive nature of this tumor with the possible 
exception of some pediatric patients. Biological 
relation to its intracranial counterpart is sugges-
tive of therapy with best achievable results: maxi-
mal safe resection followed by radiotherapy plus 
concomitant and adjuvant chemotherapy with 
temozolomide, among many prognostic factors 
reported in the literature, tumor grade can be 
regarded as the one in fl uencing prognosis the 
most.      
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