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Fibroblast Growth Factor 23: Review of its role in Clinical Medicine 
 
Athena Myrou a , * , Theodoros Aslanidis b , Dimitrios Grekas c 

 
a Internal medicine- Intensive Care Medicine, Thessaloniki, Greece 
b Anesthesiology- Intensive Care Medicine, 

National Center of Emergency Care, Thessaloniki Department, Greece 
c School of Medicine, Aristotle University, Thessaloniki, Greece 
 

Abstract 
In the last decade, there is an ongoing interest about Fibroblast growth factor – 23. 

Its clinical significance seems to go far beyond hereditary disease. The current review presents the 
newest findings about this factor in several fields of medicine. 

Along with its undoubted place in hereditary bone diseases and renal failure, in every stage, 
FGF23 role is far beyond clear. Further studies are needed to determine its place as prognostic, 
diagnostic or severity biomarker. 

Keywords: Fibroblast Growth Factor 23. 
 
1. Introduction 
The FGF family 
Fibroblast growth Factors (FGFs) are multifunctional proteins with a wide variety of effects; 

their role as biological signal facilitates a myriad of biological activities, ranging from issuing 
developmental cues (mesoderm induction, anterior-posterior patterning, limb development, and 
neural induction and development), maintaining tissue homeostasis, regulating metabolic 
processes, including keratinocyte organisation and wound healing. That’s why; they often referred 
to as 'promiscuous growth factors (Finklestein, Plomaritoglou, 2001; Olsen et al., 2003). 

The first discovery of FGF was made by Armelin in 1973. Today we know 22 structure-related 
signaling molecules in humans; thus, we are referring to them as FGF family. Today, FGFs are 
classified as intracrine, paracrine, and endocrine FGFs by their action mechanisms (Itoh et al., 
2015). Paracrine and endocrine FGFs, which comprise 15 and 3 FGFs, respectively, are secreted 
signaling proteins. In contrast, intracrine FGFs, which comprise four FGFs, are intracellular 
proteins that are not functionally related to paracrine or endocrine FGFs. Endocrine FGFs 
comprise FGF19, FGF21, and FGF23. Members FGF1 through FGF10 all bind fibroblast growth 
factor receptors (FGFRs). Others (FGF11, FGF12, FGF13, FGF18) also known as FGF homologous 
factors 1-4 (FHF1-FHF4) or “iFGF”, do not bind FGFRs and are involved in intracellular processes 
unrelated to the FGFs (Itoh, Ornitz, 2008); human FGF18 is involved in cell development and 
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morphogenesis in various tissues including cartilage; human FGF20 was identified based on its 
homology to Xenopus FGF-20 (XFGF-20), etc.  

1. This article focuses on FGF2-3: a molecule that is gaining more and more interest since 
its discovery, in 2000 (Pubmed search on “FGF23”/Fibroblast growth factor 23” retrieves 
105 publications before 2000 and 980 from 2000-2015, search date 05/01/2016) (Itoh, Ornitz, 
2004; Yamashita et al., 2000; Amin, 2014). The article reviews in brief, his structure and attempts 
to analyze its physiological and pathophysiological role. 

 
2. Results 
I. Structure and physiological role 
Several tissues express FGF-23, such as bone tissue, bone marrow vessels, ventrolateral 

thalamic nucleus, thymus, and lymph nodes (Liu et al., 2003). Yet, the high levels of expression by 
osteocytes suggest that the bone tissue is the major source of FGF-23 (Liu, Quarles, 2007). 
The latter is a 32KD protein (251 amino acids), encoded in FGF23 gene, which in turn is located in 
chromosome 12p13 and composed by three exons (Amin, 2014). The protein contains a 24 starting 
signal amino acid peptid, an N-terminal region that contains the FGF homology domain                      
(156 amino acids) and a novel 71–amino acid C-terminus (originally discovered by homology-based 
PCR screening of a mouse embryonic cDNA library), while the gene is phylogenetically grouped 
with FGF-19 and -21 gene products (Liu, Quarles, 2007). 

2. FGF interacts with one of a family of four FGF receptors (FGFR, especially FGFR1c, 3c 
and 4c) that belong to type I transmembrane phosphotyrosine kinase receptors. Nevertheless, 
receptor activation needs a signaling complex formed by FGF, FGFR and Heparan sulfate 
proteoglycan (HSPG) which acts as a co-factor (Ornitz, 2000; Urakawa, 2006; Yu et al., 2005). 
Another signle-pass transmembrane protein, known as Klotho, is also required for FGF-23-
induced receptor activation. Moreover, Klotho-FGFR coexpression seems to define tissue 
specificity (presence in kidney, parathyroid gland, pituitary gland and choroid plexus, absence in 
bone, lung, liver, skin, spleen) (Liu, Quarles, 2007). 

As mentioned before, FGF-23 belongs structurally to FGF family. Yet, it is functionally 
included in a group of molecules called phosphatonins. Phophatonins are hormones that regulate 
phosphorus metabolism. sFRP-4 and MEPE (matrix extracellular Phosphoglycoprotein) are the 
other members of the group. 

Regarding FGF-23, its principal target is kidney, where it regulates phosphate reabsorption 
and production of 1,25(OH)2D (Liu, Quarles, 2007). FGF23 inhibits both sodium-dependent 
phosphate reabsorption (by suppression of type 2a and 2c sodium-phosphate cotransporters 
expression) and 25-hydroxyvitamin D [25(OH)D]-1α-hydroxylase, while enhancing the expression 
of 25(OH)D-24-hydroxylase, in the proximal tubule. Thus, it causes phosphaturia leading to 
hypophosphatemia, and aberrant production and inappropriately low levels of 1,25(OH)2D 

(Shimada et al., 2004).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Actions of FGF-23 (Saito, Fukumoto, 2009) (explanation see text) 
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The parathyroid gland is another target for FGF23, where it inhibits secretion of parathyroid 
hormone (PTH) (Shimada et al., 2004). On the other hand, direct action of FGF-23 on bones, its 
effect on pituitary gland and also in brain (where it is produced by ventrolateral thalamic nucleus) 
are not completely explored. 

 
II. Clinical significance 
1. Hereditary diseases 
FGF23 disturbances are met in several hereditary diseases. In general, they are classified in 

two ways: a) syndromes of FGF23 excess and syndromes of FGF23 deficiency; and 
b) hypophosphatemic and hypephosphatemic disorders.  

Autosomal Dominant Hypophospatemic Rickets (ADHR) (OMIM entry 193100...). 
(ICD-10 E83.3, Phenotype MIM number 193100, gene FGF23, locus 12p13.32,). ADHR is a 

rare (less than 100 cases are described) familial disease, characterized by isolated renal phosphate 
wasting, hypophosphatemia, and inappropriately normal 1,25-dihydroxyvitamin D3 levels. Patients 
frequently present with bone pain, rickets, and tooth abscesses. Three heterozygous missense 
mutations around the processing site of FGF23 protein have been identified in ADHR families. 
These mutations replace 176Arg or 179Arg in FGF23 protein with other amino acids destroying                       
R-X-X-R furin like cleavage domain motif. Therefore, it has been presumed that the cleavage of 
FGF23 protein between 179Arg and 180Ser is prevented by these mutations causing increased full-
length FGF23 level. Cleaved FGF23 forms due to intracellular proteolysis lose their biological 
activities. FGF23 mutations in ADHR result in impaired pro-teolysis of FGF23, resulting in 
increased serum levels of active FGF23. The disease shows incomplete penetrance, variable age at 
onset (childhood to adult), and resolution of the phosphate-wasting defect in rare cases. 
With treatment, prognosis is very good (Saito, Fukumoto, 2009; Orphanet-Autosomal Dominal...) 

Autosomal Recessive Hyphosphatemic Rickets-1 (ARHR1) 
(ICD-10 E83.3, Phenotype MIM number 241520, gene DMP1, locus 4q22.1) (OMIM entry 

193100...). 
ARHR is caused by inactivating mutations in dentin matrix acidic phosphoprotein (DMP1), a 

member of the SIBLING family of extracellular matrix protein that augments mineralization 
(18,33). Loss of DMP1 results in increased transcription of FGF23 by osteocytes), Dentin matrix 
protein 1 is noncollagenous extracellular protein, highly expressed in osteoblasts and osteocytes, in 
bone and teeth and belongs to a family of small integrinbinding ligand, N-linked glycoproteins 
(SIBLING) together with matrix proteins in calcified tissues such as dentin sialophosphoprotein 
(DSPP), integrin-binding sialoprotein (IBSP), matrix extracellular phosphoglycoprotein (MEPE), 
and osteopontin (Turan et al., 2010). Several homozygous mutations in DMP1 gene were identified 
in patients with ARHR. However, it remains unclear how mutations in DMP1 gene cause enhanced 
production of FGF23. Its phenotype profile includes Short stature; limited movement of spine and 
hip, calcification of the ligaments at the bony insertions sites, high bone density at the base of skull, 
clavicle and rib anomalies, enthesopathies and laboratory exams reveal how hypophosphatemia, 
low levels of serum 1,25-dihydroxyvitamin D, whereas serum calcium, parathyroid hormone, 
urinary calcium excretion are normal, and high circulating levels of FGF23 (OMIM entry 193100...; 
Turan et al., 2010, Masi et al., 2015). 

Autosomal Recessive Hyphosphatemic Rickets-2 (ARHR2) 
(ICD-10 E83.3, Phenotype MIM number 613312, gene ENPP1, locus 6q23.2) 
Extremle rare disease that is caused by homozygous loss-of-function mutation in the ENPP1 

gene; which encodes a protein called ectonucleotide pyrophosphatase/phosphodiesterase 1 (NPP1) 
(the latter is a major generator of extracellular pyrophosphate (PPi)). Because PPi inhibits calcification, 
inactivating mutations in ENPP1 gene are also responsible for generalized arterial calcification of 
infancy. In patients with ARHR2, high circulating levels of FGF23 have been described. FGF23 is a 
secreted protein, which reduces expression of sodium-phosphate co-transporters (NPT2a and NPT2c) 
resulting in renal phosphate wasting, diminishes the renal 1α-hydroxylase and increases the                  
24-hydroxylase activity. Moreover, FGF23 acts at the parathyroid gland to decrease parathyroid 
hormone synthesis and secretion. Currently, it is unclear how mutations in ENPP1 gene results in high 
FGF23 levels (Turan et al., 2010; Masi et al., 2015; OMIM entry...). 
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Hyperphosphatemic Familial Tumoral Calcinosis (HFTC) 
(ICD-10 E83.3, Phenotype MIM number 613312, gene a) GALNT3-locus 2q24.2 b) FGF23-

locus 12q13.32 c) KL-locus 13q13.1) 
The disease causes hyperphosphatemia, hypercalcemia, elevated or inappropriately normal 

levels of 1,25 Vitamin D3 and ectopic calcifications which can be painful. GALNT3 mutations are 
the most often met. Yet, currently a Klotho gene mutation and 3 FGF23 gene mutations (Ser71Gly, 
Met96Thr, Ser129Phe) have been also described (Masi et al., 2015; ARHR2-International 
Osteoporosis Foundation...; OMIM entry 21190...; ADHR Consortium). 

X-linked hypophosphatemic rickets (XLH) 

(ICD-10 E83.3, Phenotype MIM number 307800, gene PHEX, locus Xq22.11) 
It is the most common form of hereditary hypophosphatemia (prevalence of approximately             

1/20,000, affects both sexes). PHEX encodes an endopeptidase expressed predominantly in bone 
and teeth that regulates fibroblast growth factor 23 (FGF-23) synthesis through unknown 
mechanisms. PHEX mutations lead to increased circulating levels of FGF-23, a phosphate-
regulating hormone (phosphatonin), that leads to reduced renal phosphate reabsorption and 
consequently abnormal bone mineralization (Masi et al., 2015; Orpha89936-X-linked 
hypophosphatemia...). 

XLH is caused by inactivating mutations of Phex (9), a cell surface endopeptidase that also is 
located in osteocytes. Loss of Phex also results in increased expression of FGF23 in osteocytes. 
The mechanism whereby loss of DMP1 and Phex upregulates FGF23 gene transcription is not 
known. 

Single nucleotide Polymorphisms (SNPs) in FGF23 gene 
A SNP in the intron of FGF23 (c.212-37insC) is significantly associated with higher serum 

FGF23 levels and cardiac abnormalities in children with Kawasaki disease, while three distinct 
SNPs in FGF23 gene (rs11063118, rs13312789 and rs7955866) are associated with an increased risk 
of prostate cancer, indicating that FGF23 genetic variations increase prostate cancer susceptibility 

(Itoh et al., 2015). 
 
2. Renal disease 
Chronic renal disease 
Chronic kidney disease (CKD) is a growing public health epidemic that is associated with a 

markedly increased risk of cardiovascular mortality. Disordered mineral metabolism and 
particularly, disordered phosphorus metabolism appears to be a contributing factor (Wahl, Wolf, 
2012). No correlation between FGF-23 and serum phosphate levels has been found in individuals 
without overt renal disease (Marsell et al., 2008). Yet, as CKD progresses and renal function 
declines FGF-23 levels gradually increase (up to 1000-fold above normal range in End Stage Renal 
Disease(ESRD)). Similar results were observed in studies that evaluated FGF23 in pediatric CKD 
population Even though FGF23 increase at a very early stage of CKD, there is no increase in the 
accumulation of degraded FGF-23 (C-terminals FGF23 or cFGF23) in advanced CKD. Possible 
explanations include physiological compensation to stabilize serum phosphate levels as the number 
of intact nephrons declines, the release of unidentified FGF-23 stimulatory factors or loss of a 
negative feedback factor(s) that normally suppress FGF-23 by the failing kidney or, an increased 
secretion due to an end-organ resistance to the phosphaturic stimulus of FGF-23 because of a 
deficiency of the necessary Klotho cofactor (Russo, Battaglia, 2011; Wolf, 2012). The mechanisms of 
how FGF23 is removed from the circulation, where and how it is degraded remain unknown. 
That is why clearance by the (failing) kidney or dialysis does not appear to contribute meaningfully 
to the circulating level (Wolf, 2012). On the contrary, FGF23 levels decline rapidly following kidney 
transplantation in most patients with prompt allograft function, however, persistently elevated 
FGF23 levels in the very early-post-transplant period contribute to post-transplant 
hypophosphatemia (Economidou et al., 2009). 

Data from Chronic Renal Insufficiency Cohort (CRIC) study suggested that FGF23 is superior 
to existing markers as a sensitive screening test to identify which patients are developing 
disordered mineral metabolism in early CKD (Feldman et al., 2003). Several other studies 
identified FGF23 as a risk factor for CKD progression. Whether FGF23 is acting as a biomarker of 
cases of CKD that are destined to progress most rapidly or it is a direct mediator of disease 
progression is currently unknown (Economidou et al., 2009). Nevertheless, numerous reports 
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relate high FGF23 levels with progression to ESRD, cardiovascular disease, transfusion needs, 
infection susceptibility and death in CKD (Kendrick et al., 2011; Tsai et al., 2016). 

As a result, several approaches (apart from surgical-kidney transplantation and 
parathyroidectomy) have been developed to lower FGF23 levels: dietary manipulation by reducing 
dietary phosphate intake; phosphate binders, especially non-calcium such as sevelamer, 
lanthanum, or aluminum-magnesium, cinacalcet, velcacetide and vitamin D (natural or analogues). 
Other modalities like e.g. anti-FGF23-Ab or RAAS blockade to modulation of the 
FGF23/Klotho/phosphate axis are also under evaluation (Wolf, 2012; de Seigneux, Martin, 2016). 

 
Acute renal failure 
Various reports reveal FGF23 role in acute renal failure (ARF) and acute kidney injury (AKI). 

Thus, cFGF23 levels rise early in AKI following cardiac surgery and are independently associated 
with adverse postoperative outcomes (Leaf et al., 2016). Among patients with AKI, FGF23 levels 
are elevated and associated with greater risk of death or need for renal replacement therapy (Leaf et 
al., 2012). Even though there was however no association between FGF23 levels and the severity of 
AKI, in some AKI models, FGF23 rised more quickly than phosphate levels or NGAL (Zhang et al., 
2011; Christov et al., 2013). Recent study report that activation of FGFR1 is essential for the high 
levels of FGF23 in acute and chronic experimental uremia (Hassan et al., 2016). More studies are 
needed to identify the clear role of FGF23 in AKI. 

 
3. Burns 
Severe burn results in acute bone resorption followed by a dynamic state, most likely due to 

changes brought about by the inflammatory and glucocorticoid responses to the injury (Klein et al., 
2015). Recent studies found increased FGF23 in adult burn patient, suggesting that osteocytes may 
be apoptotic (Klein et al., 2015; Rousseau, 2015). Moreover, an interesting correlation between CRP 
and FGF23 was found (Rousseau et al., 2014). 

 
4. Stroke and Subarachnoid Hemorrhage (SAH) 
In 2014 Northern Manhattan Study (NOMAS) found that elevated FGF23 was a risk factor 

for overall stroke and ICH events, in particular in a racially and ethnically diverse urban 
community, independent of chronic kidney disease (Wright, 2014). Later, the same investigators 
reported that carotid atherosclerosis may be a mechanism through which FGF23 increases 
cardiovascular events and stroke (Shah, 2015). Moreover, there is an association between elevated 
FGF23 and small vessel disease and magnetic resonance imaging-defined brain infarction in men, 
independent of chronic kidney disease (Wright et al., 2016). In Reasons for Geographic and Racial 
Differences in Stroke (REGARDS) study, higher FGF23 concentrations were associated with higher 
risk of cardioembolic but not with other stroke subtypes in community-dwelling adults (Panwar, 
2015). Finally, Söderholm and Engström report a relation of FGF23 with increased risk of incident 
SAH in subjects from the general population (Söderholm, Engström, 2015). 

 
5. Neoplams 
Phosphaturic mesenchymal tumor mixed connective tissue variants (PMTMCT) 
PMTMCT is an extremely rare tumor of soft tissue which is typically associated with 

oncogenic osteomalacia (OO) or tumor induced osteomalacia (TIO). Classic histologic features of 
PMTMCT include osteoclast-like giant cells, spindle to stellate primitive mesenchymal cells, 
microcysts, and prominent vascularity, both blood vessels and lymphatics. FGF23 was identified as 
a causative humoral factor for TIO, which is quite rare in childhood FGF23 was shown to be 
abundantly expressed in tumors causing TIO Circulatory FGF23 levels are elevated in virtually all 
patients with TIO The surgical removal of responsible tumors results in normalization of FGF23 
levels; while therapeutic approaches against FGF23 have also been used (Liao, 2013; Kinoshita, 
Fukumoto, 2014). 

Prostate and ovarian cancer 
As mentioned in Hereditary Diseases section, several studies relate SNPs of FGF23 or FGF23 

levels with increased risk of prostate and ovarian cancer (Kim et al., 2014; Feng et al., 2013; Tebben 
et al., 2005). 
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6. Other 
Results from a new study suggest that Increased serum FGF23 and placental growth factor 

(PLGF) levels and the presence of positive correlation between PLGF and Psoriasis area and 
severity index (PASI) score probably reflects the inflammatory state and insulin resistance seen in 
psoriasis (Okan et al., 2016). 

Other investigators report that in mice model acute exercise, exhaustive exercise, and chronic 
exercise, increased serum FGF23 levels. Exercise-stimulated FGF23 promotes exercise 
performance via controlling the excess Reactive Oxygen Species production and enhancing 
mitochondrial function in skeletal muscle, which reveals an entirely novel role of FGF23 in skeletal 
muscle (Li et al., 2016).  

Finally, in African Americans with type 2 diabetes lacking advanced nephropathy, FGF23 
concentrations were independently associated with subclinical coronary artery disease (Freedman 
et al., 2015). 
 

3. Conclusion 
Along with its undoubted place in hereditary bone diseases and renal failure, in every stage, 

FGF23 role is far beyond clear. Further studies are needed to determine its place as prognostic, 
diagnostic or severity biomarker. 
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Abstract 
Purpose: to compare primary surgery and surgery after neoadjuvant chemotherapy (NCT) in 

locally advanced breast cancer (LABC) patients for whom loco-regional& systemic treatment in the 
form of chemotherapy and radiotherapy were performed. Patients and methods: Between 2008 & 
2011, 112 patients with LABC were treated at KAAH & OC-Jeddah-KSA. Of whom 42 were treated 
by NCT followed by surgery either mastectomy or conservative surgery, then adjuvant 
chemotherapy and radiotherapy. The rest patients (70) were treated by primary surgery 
(mastectomy or conservative resection) followed by adjuvant chemotherapy and radiotherapy. 
All patients received adjuvant antiestrogen. Patients were followed for a median duration of 
33 months. Disease- free survival (DFS) and overall survival (OAS) were studied for all patients, 
compared between both groups and related to extent of surgery and menopausal status. 

Results: median age was 46.5 years for all patients. 48 years, and 46 years for NCT and 
primary surgery groups respectively. Median DFS was 15 months for all patients, 16 & 15 months 
for NCT and primary surgery groups. Median OAS was 24 months for all patients, 22 & 24 months 
for NCT and primary surgery groups. Difference in DFS& OAS were highly significant in favor of 
postmenopausal patients (p = 0.05 for DFS & p = 0.03 for OAS) while in primary surgery group the 
differences between pre and postmenopausal patients in DFS & OAS were statistically insignificant 
(p = 0.4). NCT followed by surgery group patients showed significant improvement in DFS & OAS 
in patients performed conservative surgery while in primary surgery group the difference was 
insignificant. The results of neoadjuvant chemotherapy showed (14.3%) complete clinical 
remission (33.3%) showed more than 50% primary tumor regression, while the rest of patients 
(52.4%) showed less than 50% reduction of the primary tumor. The incidence of metastases was 
56.5% for all patients, 49.4% for NCT group and 61.1% for primary surgery group. Freedom of 
disease was seen in 28.6% in NCT group and 37.1% for primary surgery group and local recurrence 
was noticed in 23.8% in NCT group Vs 2.9% in the primary surgery group. 

Conclusion: Surgery post-neoadjuvant chemotherapy neither prolongs DFS nor OAS in 
comparison with primary surgery followed by adjuvant chemotherapy. However, it permits more 
conservative surgery to be performed in LABC patients, but many of these patients could not 
achieve complete pathological remission leading to increased incidence of local failure. 
Postmenopausal patients fared much better than premenopausal patients regarding DFS & OAS. 
Earlier surgical interference with modified radical mastectomy for those who showed minimal 
response to NCT (after 2 courses) is highly recommended. Alternatively, aggressive treatment with 
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newer chemotherapeutic drugs or increasing dose intensity plus growth factor support may be 
warranted for younger patients to improve the outcome of conservative surgery. 

Keywords: primary surgery, neoadjuvant chemotherapy, locally advanced breast cancer, 
mastectomy and conservative surgery. 
 

1. Introduction  
Locally advanced breast carcinoma (LABC) comprises a heterogeneous group of tumors 

ranging from relatively large primary tumors (stage T4) to small breast tumors presenting with 
extensive nodal metastases (involvement of ipsilateral, infraclavicular, supraclavicular, or internal 
mammary nodes). It remains a clinical challenge as the majority of patients with this diagnosis 
develop distant metastases despite appropriate therapy (Singletary et al., 2002), inflammatory 
carcinomas also included in locally advanced breast carcinoma (Cristofanilli et al., 2003). It is 
defined by 1992 American Joint Committee (AJC) staging criteria as stage IIIa and IIIb disease 
(Taylor et al., 1997). Despite the awareness of physician and public of the importance of screening 
and early detection, 10-20% of women with breast cancer have locally advanced disease at 
diagnosis in industrialized countries (14% in the United States) while in developing countries it 
might constitute up to 50% of incident cases (Hortobagyi et al., 1995). In populations that receive 
regular screening mammography, the percentage of patients with the locally advanced disease is 
less than 5% (Seidman et al., 1987). The treatment for patients with locally advanced breast cancer 
is typically a combination of systemic chemotherapy, surgery, and radiotherapy. There is a 
consensus that all patients with the technically resectable disease should have radical mastectomy 
(Taylor et al., 1997). Earlier results of radical mastectomy alone were associated with a 53% local 
failure rate and a zero % 5-year disease free survival (Harris et al., 1992). Similarly radiation 
therapy alone for these patients resulted in poor 3-year survival (10–25%) with significant risk for 
disease recurrence and death, as well as the complications of soft tissue, ribs, heart and lung injury, 
also brachial plexopathy, lymphedema, chest wall fibrosis, skin ulceration, and skin necrosis 
(Harris et al., 1992). The combination of surgery and radiotherapy although decrease incidence of local 
failure, a high frequency of distant metastasis were seen after either treatment approaches. The 
introduction of multimodality treatment with the addition of chemotherapy has resulted in 
improvement of disease-free survival particularly in stage IIIA (Taylor et al., 1997, Harris et al., 1992). 

Neoadjuvant chemotherapy (NCT) was developed in 1970 and is used before local treatment 
in LABC to downstage the primary tumor to make subsequent surgery easier, hoping to eliminate 
occult distant metastasis to prolong survival (Wang et al., 1996). The natural history of this disease 
has been changed dramatically by the introduction of these combined modality therapies with                          
5-year survival rate of 35–60% commonly are reported (Hortobagyi et al., 1995). Despite the 
theoretical and experimental data indicating the survival superiority of neoadjuvant chemotherapy 
over postoperative adjuvant chemotherapy, the role of neoadjuvant in staging remains unclear 
(Wang et al., 1996), and there are few studies that compare this approach to postoperative 
treatment (Taylor et al., 1997, Cuningham et al., 1998). The purpose of this study is to compare the 
disease-free survival (DFS) and overall survival (OAS) of patients with LABC treated with NCT, 
surgery and radiotherapy to patients treated by primary surgery followed by adjuvant 
chemotherapy and radiotherapy and to study the prognostic impact of menopausal status and 
extent of surgical resection on these survival parameters. 

 
2. Material and Methods 
Eligible patients for this study are those with technically resectable non-inflammatory locally 

advanced cancer breast (stage III A & B). 112 patients with previous criteria were treated at King 
Abdul Aziz Hospital and Oncology Center-Jeddah-Kingdom of Saudi Arabia between May 1998 and 
April 2002 and between June 2007 and May 2011. These patients were treated by multimodality 
therapy and have been classified into two groups according to whether they were initially treated by 
neoadjuvant chemotherapy or by surgery. The first group (NCT) included 42 patients who were 
primarily treated with neoadjuvant chemotherapy followed by surgery after biopsy proven 
carcinoma and staging work-up at the oncology center. Those patients received FAC regimen                       
(5 flurouracil, doxorubicin and cyclophosphamide), then followed by surgery in the form modified 
radical mastectomy or conservative resection and axillary clearance. All patients received 
postoperative radiotherapy to chest wall or breast and lymphatic drainage site. Adjuvant hormone 
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therapy (antiestrogen) was given to all patients regardless of the hormone receptor status plus 
adjuvant 4 courses of chemotherapy (postoperatively). The second group (Primary surgery) 
included 70 patients who were referred to the oncology center for adjuvant postoperative 
management. Those patients have been staged and defined as locally advanced cancer breast                          
(IIIA & IIIB) by surgical and pathology teams. Patients were operated either by modified radical 
mastectomy or by conservative surgery and axillary clearance. Those patients have been staged and 
defined as locally advanced cancer breast (IIIA & IIIB) by surgical and pathology teams. Patients 
were operated either by modified radical mastectomy or by conservative surgery and axillary 
clearance. For those patients staging work up was performed, including full blood picture, 
biochemical profile, chest X-ray (CXR), abdominal ultrasonography, bone scan and study of left 
ventricular ejection fraction by MUGA scan (the later performed for patients who were planned to 
receive anthracycline). 

These second group patients were treated by triple modality i.e. surgery followed by adjuvant 
chemotherapy (6 courses of CMF or FAC) followed by postoperative radiotherapy to chest wall or 
breast and peripheral lymphatic. All patients received hormone therapy (antiestrogen) regardless 
of the hormone receptor status. 

 
Main outcome measures 
All the patients have been followed up regularly for either recurrence, disease-free interval or 

death, this continued for two years minimum and five years maximum (median 33 months) Check 
up in the form of CXR, abdominal ultrasound six monthly and bone scan yearly or whenever 
clinically indicated. Comparative analysis of the two groups regarding disease-free survival (DFS) 
and overall survival (OAS) was done. The incidence of disease progression as well as the type of 
progression was studied for all patients and for both groups separately with statistical evaluation of 
the results. The prognostic significance of extent of surgery and menopausal status were studied 
and correlated to DFS, OAS and disease progression with statistical evaluation of the results in 
both groups. 

The chemotherapy: consist of FAC regimen (5-Fu 500 mg/m2/D1 cyclophosphamide 
500 mg/m2/D1 doxorubicin 50 mg/m2/D1. This course was repeated every three weeks. (Patients 
with ejection fraction less than 50%, doxorubicin was replaced by mitoxantrone 12 mg/m2). 
The hormonal treatment was Anti-estrogen (Tamoxifen) 20 mg/day orally was prescribed for all 
patients and continued all over treatment period and is planned to be taken for 5 years. 
The postoperative irradiation used for the treatment of all patients by the linear accelerator to a 
dose of 5040 cGy/28 fractions for chest wall with an electron beam and peripheral lymphatics 
(with photon beam). Patients with intact breast received their treatment with the above-mentioned 
dose with photon beam and the primary site was boosted to 6000–6500 cGy total dose with an 
electron beam. 

Statistical evaluation: Fisher's exact test was used for comparative statistical significance. 
 
3. Results 
The median age for the whole group was 46.5 years and the mean age was 46.19±14.69 years 

(range 23-75) and the peak age was in the third forth decade which represents 50% of all patients 
(Table 1). No difference was noticed in the median age between neoadjuvant chemotherapy group 
(NCT) and surgery or adjuvant group (surgery) 48 and 46 years respectively (Table 2) 

Premenopausal patients constitute 62.5% of whole patients while 37.5% were 
postmenopausal. In both studied groups (NCT) and (surgery) 57% and 56% were premenopausal 
while 43% and 35% were postmenopausal respectively (Table 2). Analysis of survival parameters 
revealed that the median disease-free survival (DFS) for all patients was 15 months and the median 
overall survival (OAS) was 24 months and there was no difference in (DFC) in (NCT followed by 
surgery) group and the primary surgery group (16 months and 15 months) as well as the OAS                    
(22 months and 24 months in NCT and the primary surgery group respectively (Tables 3, 4). 
The influence of menopausal status revealed a highly significant improved differences in DFS and 
OAS for postmenopause versus premenopause for all patients with DFS 12 months for menopause 
versus 24 menopause (p=0.01). Similarly, OAS was 18 months in premenopause versus 27 months 
for postmenopause (p=0.01) (Table 3). 
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These differences were also noted in NCT followed by surgery group where DFS was 
10.5 months for pre menopause and 29 months for post menopause with (p=0.05) and OAS was 
15.5 months and 35 months for pre and post menopause respectively (p=0.03). In the primary 
surgery group this difference in DFS and OAS for pre and post menopause was statistically 
insignificant (p=0.04) (Table 4). Although the noticed improvement of DFS in NCT followed by 
surgery group versus the primary surgery group in postmenopausal patients (median 29 months 
versus 19.5 months), but the difference was statistically insignificant (p=0.06). Similarly, the OAS 
was 35 months in NCT group versus 24 months in the primary surgery group in postmenopausal 
patients and also the difference was statistically insignificant (p=0.5) (Table 4). Relating the 
survival data to the extent of surgery performed revealed that the median DFS was 12 months for 
patients performed modified radical mastectomy (MRM) and 20 months for those patients 
performed conservative surgery, but the difference was statistically insignificant (p=0.03). 
Similarly, the OAS was 24 and 29 months for those performed MRM and conservative surgery 
respectively with statistically insignificant difference between both groups (p=0.06). However, 
when survival parameters and extent of surgery were studied within each treatment group, it 
revealed a statistically insignificant difference in the surgery group for DFS (p=0.8) and OAS 
(p=0.7) for those performing MRM and conservative surgery (Table 5). But in the NCT followed by 
surgery group, there was statistically significant difference for DFS (P=0.02) and OAS (p=0.02) in 
favor of patients performing conservative surgery. It was also noted in patients performed MRM 
that there was a statistically significant difference in favor of the primary surgery group versus NCT 
followed by surgery group regarding DFS (15 Vs. 8 months, p=0.02) and OAS (24 Vs 15.5 months, 
p=0.02) (Table 5). The effect of primary chemotherapy in (NCT followed by surgery) group 
revealed that 6 patients (14.3%) showed complete clinical remission, 14 patients (33.3%) showed 
more than 50% regression of the primary tumor while 22 patients (52.4%) showed less than 50% 
regression of the primary tumor. There was no pathological complete remission among patients 
who achieved complete clinical remission, however, pathologically free margin was achieved for all 
patients performed post chemotherapy conservative excision. 

Regarding treatment results, the incidence of metastatic disease was 55.4% for all patients, 
47.6% in NCT followed by surgery group and 60% in the primary surgery group with statistically 
borderline significant difference between both groups (p=0.07). Freedom of disease was achieved 
in 33.9% of all patients, 28.6% for NCT followed by surgery group and 37.1% for the primary 
surgery group with statistically borderline significant difference between both groups (p=0.08). 
As for local recurrence, only 2/70 of patients in the primary-surgery group (2.9%) experienced 
local recurrence versus 10/42 patients (23.8%) in NCT followed by surgery group. Statistical 
analysis could not be estimated for this category due to the presence of only two patients in the 
primary-surgery group (Table 6). 
 
Table 1. Age group distribution in locally advanced cancer breast 
 

% No. Age groups  

10.7 12 20 -< 30 1 

25 28 30 -< 40 2 

26.8 30 40 -< 50 3 

12.5 14 50 -< 60 4 

12.5 14 60 -< 70 5 

14.3 16 > 70 6 
100 112  Total 
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Table 2. Patients characteristic in both groups 
 

Patients characteristic Neoadjuvant 
followed by 

surgery 

Primary surgery 

Number 
Age (median) 

42 

48 
70 

46 

Menopause: 
Premenop- 
Postmenop 

 

24 
18 

 

46 
70 

Tumour status: 
T2 
T3 
T4 
Tx 

 

 

30 
12 

 

12 

34 
20 
4 

Nodal status: 
N1 
N2 
Nx 

 

 

36 
6 

 

38 
24 
8 

Surgical procedures: 
Mod. Rad. Mas. 

Conservative surgery 
 

 

20 
22 

 

62 
8 

 

Table 3. Survival parameters in correlation with menopausal status 
 
 
 
 
 
 
 
 
 
 
 
 
*p=0.01 
**p=0.01 

 

Table 4. survival parameters (median values) in correlation to menopausal status 
in both studied groups 
 

 Neoadjuvant group Surgery group 

 No. DFS OAS No DFS OAS 

Premenopausal 

 
24 10.5* 15.5a 46 121 202 

Overall survival 
(median) 

 Dis. Free survival 
(median) 

 No.   

       

18**  12*  70  Premenopause 
27**  24*  42  Postmenopause 

       
24  15  112  Total 
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Postmenopausal 

 
18 b29* 35a 

 
24 b19.51 242 

Total  16 22 35 15 24 

*p=0.05 2p=0.4 ap=0.03bp=0.61p=0.4cp=0.5 
 
Table 5. Survival parameters (median values) in correlation to the extent of surgery  
in the studied groups 
 

 All patients Neoadjuvant 
followed by surgery 

group 

Primary surgery group 

No. DFS OAS No. DFS OAS No. DFS OAS 

Modified radical 
mastectomy 

82 12 24 20 18a b15.52 62 315a b24+  

Conservative surgery 
+ axillary clearance 

30 20 29 22 116 352 8 315 19+ 

Total 56 15 24 21 16 22 35 15 24 

ap=0.02         bp=0.02      1p=0.02      3p=0.8       +p=0.7 
 

Table 6. Results of treatment in correlation to the treatment strategy adopted 
for locally advanced cancer breast 
 

Surgery group Neoadjuvant group All patients  
Patient status % No. % No. % No. 

       

37.1* 26 28.6* 12 33.9 38 Free 
- - - -  -  

2.9 2 23.8 10 10.7 12 Local recurrence. 
 

60** 42 47.6** 20 55.4 62 Metast. Dis. 
 

100 35 100 21 100 56 Total 
 

**p=0.07 *p=0.08 

 

3. Discussion 
Locally advanced breast carcinoma is associated with a poor prognosis; with single treatment 

modality, i.e. surgery, and/or radiotherapy, results has been consistently dismal (Karlesson et al., 
1998). The appropriate management of locally advanced breast cancer is controversial, the trends 
towards a more effective means of improving response rates and survival have shifted to earlier 
aggressive treatment and the strength in the management of LABC lies in the team approach to 
multimodality care (Singletary et al., 1995). The sequence of treatment in those patients still has to 
be optimized since despite the theoretical and experimental data indicating the survival superiority 
of neoadjuvant followed by surgery over primary surgery with adjuvant chemotherapy. The role of 
neoadjuvant chemotherapy in the treatment of breast cancer remains unclear although 
downstaging of the primary tumor is confirmed (Wang et al., 1996). In the present study which 
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aimed at comparison of patients treated with neoadjuvant chemotherapy followed by surgery and 
those treated by primary surgery followed by adjuvant chemotherapy, analysis of data revealed that 
the median age was 46.5 years and the mean was 47.19±14.69 years. This median age was also 
reported from a similar study performed in KFSH-Riyadh study (Ibrahim et al., 1999). This mean 
age is not different from the overall age incidence for breast cancer in Saudi Arabia, which reported 
mean age at diagnosis to be 48.3 years (Cancer Incidence SA, 1999). Premenopausal patients 
comprise 62.5% of all patients and 37.5% postmenopausal, this incidence was similar to that 
reported by KFSH-Riyadh (Ibrahim et al., 1999). 

Analysis of survival data revealed that the median DFS in our patients was 16 months, a 
similar figure (17 months) was reported in a similar study (Eisten et al., 1998). No difference in 
DFS and OAS was noticed in patients treated by NCT followed by surgery or by primary surgery, 
this finding has been documented by Fisher (Fisher et al., 1998), who compared preoperative with 
postoperative therapy in operable breast cancer patients including LABC cases and found no 
difference in DFS and OAS between pre and postoperative chemotherapy. Cunningham 
(Cuningham et al., 1998) and Kuerer (Kuerer et al., 1999) also found so significant difference in 
DFS and OAS between NCT and postoperative adjuvant treatment. 

This significance of menopausal status in this study showed that DFS and OAS were 
significantly better in older age group (postmenopause). This finding has been studied by Crowe 
(Crow et al., 1994) who found that younger patients had more estrogen receptor negative tumors 
and a greater number of positive lymph nodes and he concluded that younger patients as a group 
has more aggressive and advanced cancer compared to older patients, but it should not be used 
alone for management decision. This was reported also by Newman (Newman et al., 1998) who 
confirmed that younger women tend to present with more locally advanced breast cancer and their 
tumors may have different response to treatment, compared to older patients and hence this 
significant difference in survival is a reflection of the aggressive nature of the disease in younger 
age group. 

The second finding concerning age in our results was noticed by inspecting the insignificant 
difference in DFS and OAS for pre and postmenopausal patients in the primary surgery group and 
also postmenopausal patients in either group. This finding could suggest the possibility that 
younger age group might benefit from earlier surgical interference in premenopausal patients 
especially those who initially showed minimal response to chemotherapy (after 2 courses). 
Although, the DFS and OAS were more or less similar in both groups; however earlier surgery for 
premenopausal patients may abolish this significant difference in survival between pre and post 
menopause for patients treated with neoadjuvant chemotherapy. 

Considering the extent of the surgery, the insignificant difference in survival parameters 
(DFS and OAS) for all patients and also for patients in primary surgery group could be explained by 
the fact that the main problem in patients with LABC is the distant failure regardless the 
locoregional control of the disease (Taylor et al., 1997; Harris et al., 1997). For this reason, recent 
trials and utilizing aggressive chemotherapy with newer agents like Texas (Philiph et al., 2000; 
Esteva et al., 2000) or by increasing dose intensity in conjunction with growth factors to increase 
the response of the tumors to primary chemotherapy which may improve the survival and this is 
reported in southwest oncology group phase II trials (Ellis et al., 2000). 

On the other hand, in NCT followed by surgery group, there was the discrepancy in the results 
since there was the significant difference in survival parameters (DFS and OAS) favoring patients 
who performed conservative surgery. However, this finding could be explained by the fact that 
patients who performed conservative surgery were those who showed excellent response to primary 
chemotherapy and they achieved better results than those who showed minimal response to 
chemotherapy and consequently performed modified radical mastectomy did. These results were also 
reported by Schwartz (Schwartz et al., 1994) who showed in their series of patients treated by 
neoadjuvant chemotherapy a five-year disease-free survival 56% for those having mastectomy and 
77% for those having breast conservation and five years overall survival was 67% for those performed 
mastectomy and 80% for those having breast conservation. Resent trials currently are using 
aggressive chemotherapy to achieve a higher remission clinically and pathologically in order to 
improve DFS and OAS (Philiph et al., 2000; Esteva et al., 2000; llis et al., 2000). Worth mentioning 
that those responsive patients to primary chemotherapy who underwent conservative surgery might 
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be responsive also to the adjuvant chemotherapy postoperatively and that is why they showed 
improved survival parameters in comparison with all other subsets of patients. 

Regarding treatment results, freedom of disease was noticed in 37.1% of primary surgery 
group Vs 28.6% in NCT followed by surgery group with the borderline significant (p=0.08). 
This could be explained by the presence of only one patient with local recurrence in the primary 
surgery group Vs 5 in the NCT followed by surgery group and this is the consequence of a large 
number of patients performed conservative surgery in the NCT group (22 patients) versus only 
eight patients in the primary surgery group. This finding was reported by Taylor (Taylor et al., 
1997) who found that mastectomy substantially decreased locoregional recurrence but distant 
metastases were a major component of failure. This was noticed in this work, where there is 60% 
incidence of metastatic disease in the primary surgery group Vs 47.6% in NCT followed by surgery 
group with the borderline significant difference (p=0.07). This could be explained by the fact that 
most LABC patients would be already harbouringmicrometastases at their initial diagnosis, that 
should be primarily treated by chemotherapy as it was suggested that chemotherapy may modulate 
the host environment to prevent tumor cell migration (Murthy et al., 1999). 

 
4. Conclusion 

The results of this study showed that primary surgery followed by postoperative therapy is 
comparable to neoadjuvant therapy followed by surgery in LABC regarding disease-free survival, 
overall survival, distant failure and disease control. However, local recurrence was higher in NCT 
followed by surgery group because of the favorability of conservative resection in both patients and 
surgeons side once they got tumor shrinkage, but we have to give attention to what was reported 
about this situation by Kent (Kent et al., 1995) who found that chemotherapy is useful in reducing 
tumor size to allow surgical resection but does not sterilize the breast of cancer and they caution 
against the use of any surgery less than total mastectomy in partially responsive tumor if optimal 
local control is to be achieved in locally advanced breast cancer. Secondly, the post menopause 
(older age) patients fared much better than younger age regarding survival parameters particularly 
with NCT followed by surgery group. So, we recommend that younger patients who deserve 
neoadjuvant chemotherapy have to be treated aggressively by surgery not less than mastectomy. 
The other alternative is the use of a newer chemotherapeutic agents or increasing dose intensity of 
chemotherapy to obtain a higher clinical and pathological remission so that conservative surgery 
could be performed with optimal local control and reducing distant failure (Green et al., 2005; Ellis 
et al., 2006; Von et al.,2005; William et al., 2011). Neo adjuvant chemotherapy will also provide a 
useful biological model to assess the effects of systemic treatment on the primary tumor and 
regional metastases, in addition to hoping to reduce distant failure. 
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