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ABSTRACT: 

Most human tumors arise and 

remain in-situ without 

progression and angiogenesis for 

months to years. “Angiogenic 

Switch” a term coined about 30 

years ago, refers to the transition 

from pre-vascular hyperplasia to 

highly vascularized and 

progressively outgrowing tumor. 

The Angiogenic switch is 

controlled by changes in the fine-

tuned balance between pro- and 

anti-angiogenic factors secreted 

either by tumor cells or by cells of 

the tumor microenvironment. 

Several pro-angiogenic factors 

have been elucidated, however 

emerging evidence shows that 

bone marrow (BM)-derived 

endothelial progenitor cells 

(EPCs) contribute to the 

angiogenic switch in tumor 

growth and metastatic 

progression.  It has been 

suggested that tissue trauma, as 

experienced in surgical 

procedures, may initiate such 

changes resulting in rapid tumor 

progression.   We present a case 

of what we believe to be an 

angiogenic switch after hip 

surgery. 

 



Internal Medicine Review Rapid Progression of a Radiographic Para-bronchial 

Abnormality after Hip Surgery July 2016 

2 

Copyright 2016 Internal Medicine Review. All Rights Reserved 

 

Introduction: 

The current wisdom is that 

spontaneously arising tumor cells are 

usually not angiogenic at first [2]. 

Indeed, most human tumors arise and 

remain in situ without angiogenesis for 

months to years before switching to an 

angiogenic phenotype [1]. The term 

“Angiogenic Switch” (AS) coined in 

the late eighties, refers to a time-

restricted event during tumor 

progression during which dormant 

tumor cells transition from pre-vascular 

hyperplasia to highly vascularized 

progressively outgrowing malignant 

tumor mass due to a shift in the 

delicate balance between pro- and anti-

angiogenic factors in the tumor milieu 

[3] [4]. Clinically, the avascular phase 

usually corresponds to small and occult 

lesions of not more than 1-2 mm in 

diameter [4]. In the past decades, a 

plethora of angiogenic factors have 

been identified that directly or 

indirectly induce proliferation and 

differentiation of endothelial cells and 

hence tilt the balance of events towards 

pro- or anti-angiogenesis. Some of the 

angiogenic promoters include Vascular 

Endothelial Growth Factor-A (VGEF-

A) [3] [5], Fibroblast growth Factor 

(FGF)-1 and -2 [6], Platelet Derived 

Growth Factor (PDGF)-B and C [7] [8] 

and Angiopoetin-2 (Ang-2). In more 

recent times, it has become 

increasingly evident, that different 

subsets of bone marrow (BM)-derived 

cells including endothelial progenitor 

cells (EPC), hemangiocytes, 

macrophages, monocytes and other 

BM-derived hematopoietic cells 

contribute to the initiation and 

maintenance of the switch [9] [10]. 

Once a cancer has become established, 

the issue of tumor growth and 

metastasis then becomes paramount. 

Several factors have been postulated to 

promote tumor growth. From antiquity 

until the 18
th

 century, the subject of 

cancer progression and management 

was dominated by the philosophy and 

deep belief, that surgery disseminated 

cancer cells and potentially worsened 

disease [16]. Although cancer 

treatment and surgical oncology has 

since undergone several radical 

revolutions and refinements, it remains 

well known, that excessive surgical 

stress augments the growth of residual 

cancer cells and can potentially 

promote tumor metastasis [15]. 

Tsuchiya et al, showed, that increased 

surgical stress augments lung cancer 

metastasis in mice injected with colon 

26-L5 carcinoma cells. The group 

demonstrated that the number of lung 

metastases, was directly proportional to 

the degree of surgical stress and that 

this was mediated via surgical stress-

induced expression of proteinases in 

the target organ of metastasis [15]. 

Hofer SOP et al [17], demonstrated 

that several of the growth factors that 

play a role in surgical wounding and 

wound healing, have also been 

implicated in tumor growth and 

progression. Some of these factors 

include epidermal growth factor 

(EGF), transforming growth factor 

(TGF)-α and TGF-β, basic fibroblast 
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growth factor (bFGF), insulin-like 

growth factor (IGF I and IGF II) and 

platelet-derived growth factor (PDGF). 

We believe that the case below is a 

clinical representation of both 

processes. Case Presentation: 

A 60-year old ex-smoker (35 pack 

years, quit 9 years prior) was admitted 

to our hospital with a 3-week history of 

cough and 2 episodes of scant streaky 

hemoptysis. He described long-

standing history of chronic sinus 

congestion and upper airway cough 

syndrome and was recently started on 

albuterol MDIs by his primary care 

provider for COPD. He denied fever, 

chills, weight loss, night sweats or 

prior episodes of hemoptysis. There 

were no urinary symptoms, skin rash, 

known TB exposures or underlying 

history of bleeding diathesis.  He was 

not on any anticoagulants or anti-

platelet medications. Chest CTA 

showed prominent abnormal bronchial 

wall thickening and severe luminal 

narrowing of the proximal right lower 

lobe (RLL) bronchus.  

Figure 1. 

 

Thoracic Computed Tomography (CT) 

scan before the hip surgery showed 

prominent abnormal bronchial wall 

thickening and severe luminal 

narrowing of the proximal right lower 

lobe (RLL) bronchus 

 

There was no mediastinal, hilar or 

axillary lymphadenopathy. Patient 

underwent a bronchoscopy for airway 

inspection revealing a 50% narrowed 

but patent right superior segment 

bronchial ostium. Mucosa appeared 

inflamed, but there was no active 

bleeding or endobronchial lesion seen. 

A bronchioalveolar lavage (BAL) 

specimen was obtained and patient was 

scheduled for a PET scan with plans 

for a repeat bronchoscopy with trans-

bronchial biopsies. His BAL cytology 

showed few atypical squamous cells 

with benign respiratory epithelial cells. 

PET scan (Figure 2) showed an 

abnormal hypermetabolic area (SUV 

5.9) in the right posterior hilar 

distribution corresponding to the 

previously identified area of soft tissue 

prominence and bronchial narrowing.  

Figure 2. 

 
Pre hip surgery Positron Omission 

Scan demonstrating a hypermetabolic 
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area (SUV 5.9) in the right posterior 

hilar area 

 

Based on the results of the PET/CT 

scan, a repeat bronchoscopy with 

Endobronchial ultrasound (EBUS) 

guided transbronchial needle biopsies 

was scheduled. In the interim however, 

patient underwent an uneventful right 

total hip replacement surgery (THRS) 

18-days after his initial bronchoscopy 

(three days after his PET/CT scan). At 

his repeat bronchoscopy 8-days after 

THR surgery, his findings were 

markedly different from the initial 

bronchoscopy. There was now > 80% 

narrowing of the R superior segment 

bronchial orifice and a pearl colored 

exophytic endobronchial lesion, was 

now present at the bronchial orifice 

(Figure 3). EBUS guided needle 

biopsies (figure 4) and brushings of the 

abnormal areas were obtained and 

pathology revealed moderately 

differentiated squamous cell carcinoma 

of the lungs (p63 positive, TTF-1 and 

CK7 negative). Patient was staged 

clinically as T1, N1 M0 and underwent 

definitive curative RLL and RML 

lobectomy.   

Figure 3 

 
Pre (A) and post (B) hip surgery 

bronchoscopy demonstrating a 

complete occlusion of the right lower 

lobe superior sub segment and 

endobronchial lesion as compared to 

the patent pre surgery bronchoscopy 

(see arrow).  

Figure 4. 

 

Endobronchial Ultrasound Image of the 

Mass and fine needle aspirate. 
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Discussion: 

The role of pro and anti-angiogenic 

factors in tumor development and 

progression has been well described in 

the literature.  The exact mechanism 

however, by which a small dormant 

lesion suddenly becomes rapidly 

progressive and invasive remains 

unclear.  It has been well shown, that 

surgery may hasten tumor progression 

and metastasis.  This is not surprising, 

considering that tumors have long been 

referred to as “wounds that do not 

heal” [22] and many of the growth 

factors that play a role in surgical 

wounding and wound healing also play 

significant roles in tumor growth and 

metastasis resulting in earlier tumor 

recurrence following primary resection 

of a known cancer, or tumor growth 

after invasive diagnostic procedures 

[17]. In addition, the expression of pro-

angiogenic factors is increased in the 

presence of certain stressful conditions 

such as hypoxia, glucose deprivation, 

formation of reactive oxygen species 

and cellular acidosis [4] [23] – all of 

which are potential peri-operative 

events; further emphasizing the 

potential role of surgery and other 

invasive procedures in rapid tumor 

growth. It is notable, that our patient 

underwent THR – a surgery that 

involves significant manipulation of 

the bone and bone marrow. The Bone 

marrow serves as a reservoir of 

Endothelial Progenitor Cells (EPC), 

which can be mobilized following 

tumor challenge. These BM-derived 

EPCs promote angiogenesis by 

paracrine secretion of pro-angiogenic 

factors and by luminal incorporation 

into a subset of sprouting nascent 

vessels [9] [10]. Nolan et al [11] 

described increased angiogenesis 

following recruitment and 

incorporation of BM-derived EPCs into 

the lumen of tumor neovasculature. Jin 

et al, [12] showed that BM derived 

EPCs are involved in the progression 

from micro metastases to macro 

metastasis – largely by angiogenesis 

and neovascularization. We propose 

that both the stress, and nature of 

surgery (THR) by manipulation of the 

bone and bone marrow potentially 

triggered an angiogenic switch/ 

augmentation that accelerated tumor 

growth and progression by releasing 

several BM derived pro-angiogenic 

factors and stimulating the growth 

factors involved in wound healing.  

Unfortunately it is difficult to prove 

that indeed our case represent a true 

case of tumor progression due to 

angiogenic switch, but the clinical 

scenario, timing of the THR and 

evidence of the rapid tumor growth as 

noted by bronchoscopy, does support 

this hypothesis.  Regardless, If 

possible, we suggest that patients with 

suspected early malignancy that is to 

undergo invasive surgical procedures 

should consider pursuing a definitive 

diagnosis and treatment plan for the 

suspected tumor first. It may also be 

worthwhile to consider pre-operative 

chemo or radiation therapy in 

situations where invasive procedures 

cannot be avoided. Further studies are 
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needed to fully understand this concept 

and guide medical management in 

these situations.  

Conclusion: 

We have presented a case of a 60-year 

old ex-smoker with an incidental 

finding of a RLL lesion that underwent 

rapid growth after an elective hip 

replacement surgery. We postulate that 

the stress of surgery, as well as the 

release of BM-derived pro-angiogenic 

factors from manipulation of the bone 

marrow likely provoked an angiogenic 

switch/ augmentation that triggered 

rapid tumor growth by recruitment of 

numerous bone marrow derived pro-

angiogenic factors and release of 

growth factors associated with surgical 

wound healing into the local tumor 

milieu. 
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