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Cervical Cancer

IARC GLOBOCAN, 2012

Incidence

Mortality

Cases per 100,000 women

Deaths per 100,000 women

• Major global health problem

• Developed nations

- Failure of screening programs

- Immigration

• Curable with radiotherapy

• 11M deaths globally in the next 
20 years due to lack of RT

• Model for innovation in 
radiation medicine



Cervical Cancer

Potter, 2011

Local control and survival with best-practice radiotherapy

• External beam radiotherapy
• Concurrent cisplatin
• MR-guided brachytherapy 

Local Control Survival



Tumor-Stromal Interplay
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Tumour-associated 
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(TAM). TAMs are cells 

recruited to the tumour 

microenvironment where they 

are educated to perform tasks 

that enhance metastasis, such 

as stimulating tumour cell 

migration, invasion and 

intravasation.

macrophage infiltration, however, correlates with poor 

patient prognosis in >80% of cancers analysed, includ-

ing breast, thyroid and bladder cancer in which there 

is a positive association with metastasis (reviewed in 

REFS 31,32).

The induction of angiogenesis is a crucial early stage 

in the development and growth of most solid tumours, 

and is also necessary for haematogenous dissemination 

of cancer cells. Bone marrow-derived myeloid cells, 

including macrophages33, TIE2-expressing monocytes 

(TEMs)34, neutrophils35 and mast cells36,37 have all been 

shown to contribute to tumour angiogenesis through 

their production of growth factors, cytokines and pro-

teases such as vascular endothelial growth factor A 

(VEGFA), PROK2 (also known as BV8) and matrix 

metalloproteinases (MMPs), respectively (reviewed in 

REF. 38) (BOX 1). Several of these cell types have also been 

implicated in the later stages of tumour progression, 

namely invasion and metastasis, and the ability of these 

BMDCs to enhance tumour malignancy directly and 

indirectly is discussed below.

Tumour-associated macrophages. Macrophages can 

be considered the prototypical BMDC type capable of 

modifying cancer cell behaviour and have been shown 

to promote tumour angiogenesis, invasion, intravasation 

and metastasis in animal models39,40. Macrophages are 

inherently plastic cells, and this adaptability may be 

exploited by the tumour to elicit distinct functions 

at different stages of tumour progression. Although 

macrophage classification schemes (TABLE 1) have been 

useful in terms of assigning potential functions to 

tumour-associated macrophages (TAMs), little is known 

about the complexity of individual macrophage activi-

ties and their associated molecular profiles in cancer. In 

particular, the factors controlling the balance between 

tumour-suppressing and tumour-promoting activities 

of macrophages, and how that equilibrium changes 

over the course of tumour progression, are not known. 

We propose that multiple subpopulations of TAMs 

exist within a tumour, which probably change tempo-

rally during tumour development and geographically 

on the basis of their location within the tumour micro-

environment. For example, TAMs recruited to hypoxic 

areas are likely to then be usurped to promote tumour 

angiogenesis41, whereas TAMs at the tumour–stroma 

interface play an active part in invasion and angio-

genesis42. Transcriptome profiling of freshly isolated 

TAMs also suggests that they are similar to those that 

are involved in development43.

Figure 1 | The primary tumour microenvironment. a | Cancer cells in primary tumours are surrounded by a complex 

microenvironment comprising numerous cells including endothelial cells of the blood and lymphatic circulation, stromal 

fibroblasts and a variety of bone marrow-derived cells (BMDCs) including macrophages, myeloid-derived suppressor cells 

(MDSCs), TIE2-expressing monocytes (TEMs) and mesenchymal stem cells (MSCs). b | Invasive human breast cancer 

stained with haematoxylin and eosin, in which a prominent infiltration of leukocytes (indicated by white arrows) is evident 

at the invasive margin. c | Macrophages at the invasive edge of pancreatic islet cancers express cathepsin B (green), which 

is associated with loss of epithelial cadherin (red) on the neighbouring cancer cells. Cell nuclei are visualized by DAPI 

(blue). Part c reproduced, with permission, from REF. 151  (2006) Cold Spring Harbor Laboratory Press.
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REF. 38) (BOX 1). Several of these cell types have also been 
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namely invasion and metastasis, and the ability of these 
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be considered the prototypical BMDC type capable of 

modifying cancer cell behaviour and have been shown 
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and metastasis in animal models39,40. Macrophages are 
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exploited by the tumour to elicit distinct functions 
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macrophage classification schemes (TABLE 1) have been 
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about the complexity of individual macrophage activi-
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over the course of tumour progression, are not known. 
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Figure 1 | The primary tumour microenvironment. a | Cancer cells in primary tumours are surrounded by a complex 

microenvironment comprising numerous cells including endothelial cells of the blood and lymphatic circulation, stromal 

fibroblasts and a variety of bone marrow-derived cells (BMDCs) including macrophages, myeloid-derived suppressor cells 

(MDSCs), TIE2-expressing monocytes (TEMs) and mesenchymal stem cells (MSCs). b | Invasive human breast cancer 

stained with haematoxylin and eosin, in which a prominent infiltration of leukocytes (indicated by white arrows) is evident 

at the invasive margin. c | Macrophages at the invasive edge of pancreatic islet cancers express cathepsin B (green), which 

is associated with loss of epithelial cadherin (red) on the neighbouring cancer cells. Cell nuclei are visualized by DAPI 
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Functional 
Consequences

• Angiogenesis
• Hypoxia
• High IFP
• Immune effects

Joyce, 2009



Myeloid Cells in Cervical Cancer

CD11b	BMDCs	

Circulating neutrophils Tumor-infiltrating neutrophils

CD66b	BMDCs	



CXCL12 Pathway
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Hypoxia	

HIF	

CXCL12	

Tumor	progression		

CXCR4	expressed	
on	bone	marrow	
myeloid	cells	
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Vascular-mediated	
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Tumor hypoxia increases expression of CXCL12 and CXCR4,
leading to myeloid cell recruitment and radioresistance  

Plerixafor (AMD3100) is a commercially available CXCR4 receptor inhibitor



CXCR4 in Cervical Cancer

58% of 132 patients 
with high CXCR4 
protein expression

5-fold range in CXCR4 
mRNA expression in 
117 patients



Hypothesis and Aims

Hypothesis: Plerixafor, when added to standard RTCT for 
cervical cancer will improve local tumor control and reduce 
metastases.

Aims: Evaluate tumor growth delay, toxicity and CXCL12 
pathway inhibition with RTCT + Plerixafor compared to 
RTCT alone in orthotopic cervical cancer xenografts derived 
from patients.  



Primary Orthotopic Cervical Xenografts

Primary cervical tumor Lymph node metastases

Chaudary et al 2011; Cairns and Hill 2004



Treatment Schedule

Primary, orthotopic cervical xenografts 

(OCICx 20 and OCICx 13) in NRG mice

http://www.imagesu.net/data/media/54/mouse_animal_expression_057.jpg
http://www.imagesu.net/data/media/54/mouse_animal_expression_057.jpg


CT Imaging and Treatment

Fractionate image-guided 
radiation (30 Gy in 15 f) with 
weekly cisplatin (4 mg/kg)

X-Rad 225Cx

CBCT

Dose Distribution



Tumor Growth Delay

OCICx 20

OCICx 13



Lymph Node Metastases
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CXCL12 Pathway Inhibition
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IHC – Excised tumors after treatment and regrowth 

Control

Plerixafor alone

Radiation alone

Radiation + cisplatin

Radiation + cisplatin + Plerixafor



Acute GI Toxicity

Control	

RT	(14	Gy)	alone	

RT	+	Cis	

Plerixafor	

RT	+	Plerixafor	

RT	+	Cis	+	Plerixafor	

p<0.05

p<0.05

No difference in animal weight, blood 
counts or normal organ morphology 
among the treatment groups

Late GI toxicity?



Conclusions

• Plerixafor, when added to standard RTCT for cervical 
cancer, improves tumor control and reduced 
metastasis with no increase in toxicity.

• The optimal sequencing of Plerixafor with RTCT 
requires further investigation.

• This study provides support for a phase I/II clinical 
trial in patients with cervical cancer.
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