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aBsTraCT

Tumor hypoxia is an important contributor to radioresistance. Thus, increasing the radiation dose to 

hypoxic areas may result in improved locoregional tumor control. However, this strategy requires 

accurate detection of the hypoxic areas using PET imaging. Secondly, hypoxia imaging may also 

provide prognostic information and may be of help to monitor treatment response. Therefore, a 

systematic review of the scientific literature was carried out on the use of Positron Emission 

Tomography (PET) to image tumor hypoxia in non-small cell lung cancer (NSCLC). More specifically, 

the purpose of this review was (1) to summarize the different hypoxia tracers used, (2) to investigate 

whether Tumor hypoxia can be detected in NSCLC and finally (3) whether the presence of hypoxia can 

be used to predict outcome.
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inTroDuCTion

Concurrent chemoradiation (CHRT) is the principle treatment modality for patients with locally 

advanced (stage III) non-small cell lung cancer (NSCLC). Unfortunately, locoregional control is poor, 

with failure rates of approximately 73% at 5 years in patients treated with CHRT [1]. Therefore, 

improving locoregional tumor control is of major concern and is expected to improve outcome in terms 

of overall survival. 

Tumor hypoxia is an important contributor to radioresistance. This has been demonstrated in several 

tumor types such as in squamous cell carcinoma, cervical cancer and breast cancer [2-4]. Tumor 

hypoxia results from an imbalance between oxygen supply and consumption, due to an abnormal 

structure and function of the microvessels supplying the tumor [5-7]. When ionizing radiation strikes 

cancer cells, oxygen mediates DNA damage through formation of free oxygen radicals, which is less 

likely to occur in a hypoxic state [7,8]. The key feature of tumor hypoxia is up-regulation of Hypoxia 

Inducible Factor (HIF) which leads to an increased expression of Hypoxia Responsive Elements 

(HRE’s) such as (1) Vascular Endothelial Growth Factor (VEGF) inducing tumor angiogenesis, (2) 

glycolytic enzymes stimulating anaerobic metabolism to meet their demands leaving an acidic tumor 

environment after each cycle, (3) erythropoietin hormone (EPO) release promotes tumor cell survival 

and proliferation and (4) BNIP3 (Bcl-2 and nineteen-kilodalton interacting protein-3) which leads to 

genomic instability by evading apoptosis. All these factors contribute to multifactorial resistance. As a 

consequence, hypoxic areas generally are more resistant to chemoradiotherapy (Figure.1) [9-11]. As 

a consequence, hypoxic zones are more resistant to radiotherapy. Indeed, several studies have 

demonstrated the prognostic value of tumor hypoxia in cervical cancer and head and neck cancer 

patients [2,12,13]. 

The gold standard to assess tumor hypoxia is by using the Eppendorf electrode. However, the main 

disadvantages of this method are its invasiveness and most importantly, it can only be applied for 

well accessible superficial tumors. These limitations made clinicians concentrate more on non-

invasive techniques such as Positron Emission Tomography (PET) imaging using specific hypoxic 

tracers. Imaging of hypoxia using PET has several advantages over electrode measurements: it is a 

non-invasive procedure; it generates three-dimensional images; and multiple tumor sites can be 

measured simultaneously. Moreover, PET is capable of visualizing the often heterogeneous pO2 

distribution [14, 15] within the tumor, without the need for multiple electrode measurements. 

As stated above, hypoxic zones are more resistant to radiotherapy. From this point of view, increasing 

the radiation dose to these radioresistant areas may result in improved locoregional control. Several 
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trials have already shown that increasing the radiation dose to the whole tumor results in improved 

local control and survival [16,17]. However, the main obstacle for dose escalation is radiation-induced 

toxicity, in particular radiation pneumonitis [18,19]. Dose escalation to the whole tumor is therefore 

less attractive. The delivery of higher radiation doses to specific hypoxic subvolumes, while sparing 

normal tissues, is more tempting. Modern developments in radiation delivery techniques, such as 

intensity modulated radiotherapy (IMRT), enable this strategy. Therefore, identification of intratumoral 

hypoxic areas might be an important step to develop accurate dose escalation strategies in the 

radiation treatment of NSCLC. Finally, hypoxia imaging may also provide prognostic information and 

may be of help to monitor treatment response.

This review focuses on the use of PET to image tumor hypoxia in NSCLC and its potential use for 

radiotherapy treatment planning. More specifically, the purposes of this review are (1) to summarize 

the different hypoxia tracers, (2) to investigate whether tumor hypoxia is present in NSCLC, and finally 

(3) whether the presence of hypoxia as demonstrated on PET-scans can be used to predict outcome.

FiGurE. 1 Schematic representation showing how tumor hypoxia leads to multifactorial resistance
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MaTErials anD METHoDs

search strategy

The PubMed database was searched for articles published up to 15 November 2011, including 

electronic early-release publications. The search terms used were “Tumor hypoxia,” “NSCLC”, “PET/CT”, 

“FDG”, “18F-MISO”, “FAZA”, “64Cu-ATSM”, “FETNIM” and “HX4”. In addition, papers’ references lists were 

screened in order to retrieve additional relevant papers. Both prospective and retrospective studies 

were included. Studies only available

as an abstract were excluded from this review. Articles in languages other than English were also 

excluded. Other non-PET hypoxia tracers addressing studies concerning lung cancer, infection 

diseases, heart diseases and neurological diseases were considered as ineligible. Major conclusions 

were drawn from prospective clinical research papers that evaluated non-invasive in-vivo 

characterization of tumor hypoxia in NSCLC patients. The selection process of the search strategy is 

summarized in figure 2.

FiGurE. 2 The study selection process.
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rEsulTs
Hypoxia tracers

We were able to identify 12 studies on hypoxia tracers, including FMISO, 64Cu-ATSM, FAZA, HX4 and 

FETNIM (Table 1). 

FMiso

The 18F-fluoromisonidazole (FMISO) hypoxic tracer is the first generation Nitroimidazole derivatives 

that has been studied extensively in both humans and animals [15,20-22]. Nitroimidazoles undergo 

specific reductive metabolism under hypoxic cell conditions, resulting in reactive tumor metabolite 

markers which selectively bind to macromolecular cell components, but washes out from normoxic 

cells. Indeed, Dubois et al. [23] demonstrated a significant correlation between the hypoxic area 

derived from pimonidazole stained tumor sections with the FMISO PET defined hypoxic volume in an 

experimental rat tumor model (r=0.9066; P<0.0001). 

In the clinical setting, Rasey et al. [15] evaluated the applicabililty of FMISO PET to detect hypoxic 

zones in locally advanced NSCLC patients (n=21). Increased uptake of FMISO was present in 97% of 

the cases studied. The pretreatment fractional hypoxic volume (FHV) i.e, the proportion of the pixels 

in the tumor volume with a tumor : blood activity ratio ≥ 1.4 at 120-160 min post-injection) measured 

by FMISO PET imaging in lung tumors ranged from 1.3% to 94.7% with a median of 47.6%. The threshold 

value 1.4 was adopted based on extensive in-vivo animal FMISO biodistribution data from nonmalignant 

tissues [20].

Koh et al. [21] observed serial changes in the tumor oxygenation status in stage III NSCLC patients 

(n=7) treated with primary radiotherapy with either photons or neutrons. The percentage of the initial 

FHV measured before radiotherapy ranged between 20% and 84% with a median of 58%, which 

decreased at the end of treatment from 3% to 65% with a median of 22%, indicating that during 

radiotherapy tumoral oxygen levels increased. 

Gagel et al. [24]evaluated the possibility of assessing tumor hypoxia by FMISO-PET as an early tumor 

response monitor. In this study, the reduction in FMISO uptake reflecting tumor re-oxygenation 

correlated with tumor response. In addition, they also showed that tumor hypoxia detected by FMISO 

PET showed no correlation with the glucose metabolism of the tumor measured by 

fluorodeoxyglucosePositron Emission Tomography (FDG-PET).
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The authors hypothesized that hypoxic areas could be defined as a Biological Target Volume (BTV) 

which may represent the localization of areas with a high risk of local recurrence. This BTV can be 

considered as an appropriate area for dose escalation. However, defining the BTV might be the crucial 

problem in using hypoxia tracers. Generally, hypoxia tracers show a relatively low increased uptake 

as compared to the background hampering delineation of the BTV. An improvement of segmentation 

techniques using list mode data might solve the problem. Another technical issue to be solved is the 

partial volume effect which may overestimate the success of the treatment. Probably a similar 

approach as was introduced for FDG recently [25,26], standardizing scanning, should be introduced 

for hypoxia tracers also. Another problem with lung cancer treatment is tumor movement during the 

respiratory cycle. The accurate delineation of tumor volume is of the utmost importance for 

radiotherapy treatment planning. To overcome this problem, optimal gating or 4D-PET is an attractive 

option [27].

64Cu-aTsM 

Another well studied hypoxia tracer is 64Cu-ATSM, (Cu(ll)-diacetyl-bis(A/4-methylthiosemicarbazone). 

This compound undergoes reductive metabolism under hypoxic conditions, forming stable adducts 

that subsequently bind to macromolecules inside the cell, resulting in a PET-uptake. In normoxic 

tissues, however the compound cannot be reduced, and it quickly washes out of the cells [28, 29]. Its 

higher membrane permeability as compared to nitroimidazole-based tracers makes this tracer more 

attractive. 

Takahashi et al. [30] showed that intense uptake of 64Cu-ATSM was observed in patients with locally 

advanced NSCLC (n=6). The distribution pattern of 64Cu-ATSM was different from that of FDG, 

suggesting that 64Cu-ATSM uptake may represent characteristics of tumors independent of those 

represented by FDG uptake. Dehdashti et al. [31] used 64Cu-ATSM for the identification of hypoxic 

areas in stage IA to IV NSCLC patients (n=18) receiving radiotherapy, chemotherapy or 

chemoradiotherapy (CHRT). FDG-PET and 64Cu-ATSM PET were performed prior to treatment and 

response was assessed by means of follow-up CT scans of the chest approximately 3 months after 

completion of therapy. Eight out of 14 evaluable patients (57%) responded, while six showed disease 

progression. Interestingly, the 64Cu-ATSM tumor-to-muscle ratio (T/M) was less than 3.0 in all 

responders, while all non-responders had a T/M higher than 3.0. 

Lohith et al. [32] studied the intratumoral distribution of 64Cu-ATSM and FDG in stage IA-IIIB NSCLC 

patients with either squamous cell carcinoma (SCC) (n=8) or adenocarcinoma (AC) (n=5) prior to 

surgical resection or CHRT. 64Cu-ATSM uptake was intense in all NSCLC cases but was significantly 
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lower than the FDG uptake. This difference in uptake between FDG and 64Cu-ATSM was larger among 

patients with SCC than in those with AC. In addition, the intratumoral distribution of 64Cu-ATSM and 

FDG was also different between the two histologies. These data indicate that highly metabolic areas do 

not coincide with hypoxia and may therefore reflect different biological targets. Interestingly, in SCC 

spatial mismatching was observed, with high 64Cu-ATSM regions localizing toward the peripheral 

tumor regions and high FDG uptake regions localizing toward the center of the tumor, whereas in AC 

more homogeneous distributions of the tracers was observed. However, it should be noted that the 

PET segmentation approach such as an overlap fraction between the tracers using SUVmax 

thresholding technique can give more information about the mismatch between metabolic and 

hypoxic areas. Aerts et al. [33] from the Maastricht group introduced a nice technique for calculating 

overlapping fractions in FDG scans obtained prior to and after radiotherapy. We were unable to retrieve 

paper dealing with overlapping fraction between FDG and hypoxic tracers, but such an image analysis 

seem highly possible based on their findings.

other tracers: FaZa, FETniM, HX4

One of newly developed hypoxia tracer is fluoroazomycin arabinoside (FAZA). Preclinical studies 

indicate that FAZA is promising in various tumor models [34]. It was shown that FAZA is rapidly cleared 

from the circulation and normoxic tissues, and is excreted mainly via the renal pathway, thereby 

providing more favourable tumor to background (T/B) ratios in most anatomical regions as compared 

to FMISO [35]. In addition, FAZA exhibits in vivo stability against enzymatic activity, and therefore can 

be recommended as a potential tracer for tumor hypoxia in clinical studies [36].

Postema et al. [37] evaluated hypoxic imaging using FAZA-PET in patients with primary or suspected 

metastatic NSCLC (n=12). In 7 patients, increased FAZA uptake was observed in the primary tumors. 

Li et al. [38] compared hypoxic areas as determined with FETNIM (Fluoroerythronitroimidazole) with 

FDG based metabolic areas in patients with stage III locally advanced NSCLC (n=11). No significant 

correlation was found between the FETNIM T/B ratio and FDG SUVmax (r=0.39, P=0.23). However, they 

found that FETNIM uptake in the primary tumor was an independent prognostic factor for overall 

survival (OS).

Recently, Van Loon et al. [39] studied the properties of HX4 ([18F]-3-Fluoro-2-(4-((2-nitro-1H-imidazol-

1-yl)methyl)-1H-1,2,3-triazol-1-yl)propan-1-ol), a member of the 2-nitroimidazole family for the 

imaging of tumor hypoxia. The tracer was tested in a phase I trial (n=6), including four NSCLC patients 

with proven stage IV disease, who had undergone prior surgery, chemotherapy and radiotherapy. The 

mean tumor to muscle ratio for HX4 uptake 120 minutes after injection was 1.40 (range 0.63–1.98). 
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TaBlE 1: Following table represents summary of various hypoxic tracers studied in NSCLC clinical studies 
based on hypoxia imaging.

Tracer 
Type

no. of 
Patients

Patient 
Cohort Clinical study Purpose results Conclusion(s) ref

FMISO 14 Stage III Prognostic 
impact of 
FMISO 
hypoxia 
imaging.

Prognostic 
value

High tumor/muscle 
and tumor/
Mediastinum ratios 
correlated with the risk 
of local failure.

FMISO kinetic 
behavior 
predicts 
treatment 
outcome.

[36]

FMISO 8 Stage  III- IV FMISO & 
FDG-PET in 
response 
evaluation 
after C/RT for 
NSCLC.

Prognostic 
value

Decreased FMISO 
uptake had favorable 
outcome, but no 
correlation was 
observed between 
tumor FMISO uptake 
and glucose 
metabolism.

FMISO detected 
areas may 
correspond to 
Biological target 
volume.

[25]

FMISO 21 Stage  III Hypoxia 
imaging with 
FMISO .

Determine 
Hypoxia

Distribution of hypoxic 
volume varied 
markedly within a 
single tumor. No 
correlation between 
tumor size and hypoxic 
volume.

With the use of 
FMISO, 97% of 
studied tumors 
showed hypoxic 
volume.

[23]

FMISO 7 Stage  III Serial 
changes in 
Tumor 
oxygenation.

Prognostic 
value

Hypoxic volume 
decreased by the end 
of the treatment as 
assessed by the 
FMISO. However, no 
correlation was 
observed between 
tumor size and hypoxic 
volume.

Tumor 
oxygenation 
during RT is 
improved but 
the pattern of 
re-oxygenation 
is 
unpredictable.

[24]

FMISO 17 Stage I - II Hypoxia and 
angiogenesis 
in NSCLC.

Correlation Tumor FMSIO SUVmax 
has no correlation with 
FDG SUVmax.

Hypoxia does 
not correlate 
with glucose 
metabolism in 
NSCLC.

[43]

FMISO 5 Stage III PET-FDG, FLT,  
FMISO 
modification 
during 
radiotherap.

Correlation FMISO SUVmax were high 
in tumors than in 
nodes and remained 
stable during 
treatment.

Significant 
correlation was 
observed 
between FDG 
identified 
glucose 
metabolism and 
FMSIO identified 
hypoxic areas 
during 
Radiotherapy. 

[42]

64Cu-
ATSM

6 Pathologically 
confirmed 
NSCLC

Evaluation of 
a 64Cu-ATSM 
as a hypoxia 
tracer in lung 
cancer 
patients.

Evaluating 
64Cu-ATSM 
as a 
hypoxic 
tracer

Intense uptake of 
64Cu-ATSM was 
observed in all 
patients. However, it 
did not correspond to 
treatment outcome.

64Cu-ATSM is a 
promising PET 
tracer for tumor 
hypoxia 
imaging.

[26]
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The authors claim that HX4 may have better pharmacokinetic properties than the recently used 

nitroimidazole hypoxia markers such as FMISO. Dubois et al. [40] validated heterogeneous HX4 tumor 

uptake and showed strong correlation with tumor hypoxic fraction as measured by the percentage of 

pimonidazole positive pixels (r = 0.72; P< 0.0001). Given the good imaging properties and strong 

correlation between PET imaging results and histological parameters HX4 appears to be promising 

tracer for hypoxia imaging

Distribution of PET-identified hypoxia in nsClC

As tumor hypoxia is associated with increased resistance to anticancer treatment, it is not only 

relevant to determine the presence of hypoxia, but also its distribution throughout the tumor volume. 

This information is required for the development of radiation dose escalation strategies specifically 

directed to the hypoxic subvolumes, using advanced radiation techniques such as intensity 

modulated radiotherapy. The fractional hypoxic volume (FHV), based on FMISO uptake showed values 

ranging from 48% [15] to 58% [21] with hypoxic areas heterogeneously distributed throughout the 

64Cu-
ATSM

13 Stage I-IV Patho-
physiological 
correlation 
between 
64Cu-ATSM 
and FDG in 
lung cancer.

Correlation No correlation between 
64Cu-ATSM and FGD 
uptake in tumor.

The intratumoral 
distribution of 
glucose 
metabolic areas 
and hypoxic 
regions could 
vary within the 
tumor.

[28]

64Cu-
ATSM

14 Stage I-IV Hypoxia 
imaging 
using 64Cu-
ATSM.

Determine 
Hypoxia

64Cu-ATSM tumor/
muscle ratio 3.0 is a 
best cut-off to 
differentiate 
responders and non-
responders.

PET imaging 
with 64Cu-ATSM 
in patients with 
NSCLC is 
feasible. 

[27]

 FAZA 12 Primary or 
suspected 
metastatic 
NSCLC

Hypoxia 
imaging 
using FAZA.

Evaluating 
FAZA as a 
hypoxic 
tracer.

No adverse events 
were noted following 
administration of FAZA.

FAZA is a safe 
and feasible 
tracer for 
hypoxia 
imaging.

[33]

FETNIM 26 Stage III Comparing 
glucose 
metabolism 
and hypoxia 
using FDG 
and FETNIM 
in locally 
advanced 
NSCLC 
patients.

Prognostic 
value

FETNIM T/Bmax ratio was 
found to be an 
independent 
prognostic factor for 
overall survival.

Imaging with 
FETNIM is a 
valuable 
method to 
detect hypoxia.

[34]

HX4 4 Stage IV PET imaging 
of hypoxia 
using HX4: a 
phase 1 trial.

Evaluating 
HX4 as a 
hypoxic 
tracer.

 HX4 administration 
was not associated 
with any toxicity 
according to the CTCAE 
3.O criteria.

PET imaging 
with HX4 is 
feasible.

[35]
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tumor. This shows that the tumor microenvironment is highly heterogeneous. Secondly, the 

intratumoral distribution of hypoxia may also differ based on histology [32], as different hypoxia 

tracer uptake patterns were observed in adenocarcinoma and SCC. However, further studies are 

needed to address this issue using segmentation techniques such as overlapping fractions between 

PET tracers of glucose metabolic and hypoxic tracers. The effect of tumor size on the hypoxic volume 

and distribution of hypoxia was investigated in two studies [15,21,21]. In these studies, no correlation 

was found between tumor size and pretreatment hypoxia, indicating that larger tumors are not 

necessarily more hypoxic than smaller tumors. 

Hypoxia PET imaging to predict outcome

Since tumor hypoxia seems to be associated with resistance to radiotherapy, the presence of PET-

assessed tumor hypoxia could theoretically be used to predict outcome. However, data on this subject 

are scarce. Eschmann et al. [41] determined the prognostic impact of FMISO-uptake in advanced 

NSCLC patients before curative radiotherapy (n=14). In this study, tumor recurrence and progression 

occurred in those patients whose T/M > 2.0 (n=5). Next Li et al. [38] also showed that pre-treatment 

hypoxia is of importance as pre-treatment FETNIM uptake was an independent prognostic factor for 

overall survival after treatment with radiotherapy and or chemotherapy. In unresectable locally 

advanced (stage III-IV) NSCLC patients treated with chemotherapy, re-oxygenation as assessed with 

FMISO early after treatment was associated with tumor response, whereas stable or increasing tumor 

hypoxia resulted in worse local tumor control [24]. Unfortunately, to the best of our knowledge, no 

such data are available for radiotherapy. 

To summarize, PET hypoxia imaging may be used to predict treatment outcome. Whether pre-treatment 

hypoxia or changes in hypoxia during treatment are most predictive remains to be determined in 

future studies. 

FDG as a surrogate marker for hypoxia

FDG is routinely used to assess tumor glucose metabolism [42]. The extent of FDG accumulation in 

non-small cell lung cancer depends primarily on the over-expression of Glucose transporter 1 (GLUT-

1) and glycolytic enzymes [43, 44]. Also in hypoxic regions, up-regulation of glucose transporters 

(GLUTs) is seen [45]. This is due to increased hyperglycolysis driven by HIF. Tumors with high SUVmax 

have higher HIF and GLUT-1 expression than tumors with low SUVmax as detected by FDG PET [46]. 

Therefore, the degree of tumor FDG uptake may reflect the level of hypoxia and may therefore be used 

as a surrogate marker for tumor hypoxia. 
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As we stated earlier anaerobic metabolism in hypoxic cells leads to acidic tumor environment after 

each cycle. Some studies have shown that a clear correlation exists between lactate production and 

tumor progression. Schwickert et al. [47] showed that a lactate concentration of >20µmol/g represents 

a 6.5 fold increase in the occurrence of metastasis. Another study done by Walenta et al. [48]on head 

and neck cancer patients showed a similar correlation between lactate production and metastasis. 

Recently, Vera et al. [49] evaluated the correlation between FDG and FMISO in lung cancer patient’s 

candidates for curative-intent radiotherapy. They reported a significant positive correlation between 

FDG-PET and FMISO-PET SUVmax value measured during radiotherapy (r=0.59, P<0.008). However, 

they noted that although tumor metabolism decreased during the course of treatment, tumor hypoxia 

remained stable. Gagel et al. [24] and Cherk et al. [50] did not observe a relationship between tumor 

glucose metabolism assessed by FDG SUVmax and tumor hypoxia detected by hypoxic tracer FMISO. 

Also with respect to 64Cu-ATSM, no significant correlation was observed between tumoral FDG uptake 

of and that of 64Cu-ATSM in NSCLC patients [31] . 

To conclude, although tumor hypoxia is associated with up-regulation of glucose transporters and 

subsequent increased FDG uptake, no direct correlation between tumor FDG uptake and hypoxic 

tracer uptake could be demonstrated in the studies included in this review. Therefore, FDG-PET does 

not seem to be a good surrogate marker for hypoxia in NSCLC. 

Possible implications of PET-hypoxia imaging for radiotherapy

Since PET-imaging is non-invasive, serial PET-scans can be performed to detect not only the spatial 

heterogeneity within the gross tumor volume but also the dynamics of tumor hypoxia during the 

course of treatment. 

The question arises what kind of radiation dose escalation strategy will be most suitable in NSCLC to 

overcome the problem of tumor hypoxia. One strategy could be to use intensity modulated 

radiotherapy (IMRT) with a simultaneous integrated boost (SIB) technique, delivering a higher dose 

per fraction to the hypoxic areas during the entire course of treatment. However, Koh et al. [21] studied 

the dynamics of hypoxia during treatment using FMISO-PET imaging and observed that tumor hypoxia 

varied widely and changed from hypoxic to oxic in the final phase of radiation treatment. In that 

situation, IMRT-SIB based dose escalation to the hypoxic areas (acute hypoxia) may only be applicable 

using adaptive radiation therapy, with repeated PET-scans during treatment. The authors themselves 

suggested intensifying the treatment of residual hypoxic zones towards the end of the treatment. 

Given the fact that hypoxic areas may vary during the course of treatment (cycling hypoxia), a dose 

escalation strategy using stereotactic ablative radiotherapy (SABR) to deliver a single high-dose 
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boost to the specific hypoxic zone at the end of treatment may be more appropriate. However, it has 

also been postulated that presence of tumor hypoxia reflects a more general radioresistant tumor 

phenotype requiring dose escalation of the entire gross tumor volume rather than boosting the 

hypoxic areas only [51]. Unfortunately, these hypothesis have not been proven yet and need further 

verification as conflicting results are reported in the literature. A recent trial showed no such effect in 

stage III NSCLC patients [52]. Others, however, did find a relation in smaller studies [16, 17].

To our knowledge, no studies have been performed on how hypoxia imaging could be used to intensify 

the radiotherapy to radioresistant hypoxic subvolumes in NSCLC. Modern radiotherapy techniques 

such as IMRT or SABR seem promising to target specific radioresistant hypoxic sub volumes. Future 

studies should focus both on the dynamics of tumor hypoxia in order to select the most optimal 

treatment technique.

ConClusions

Hypoxia is present in the majority of NSCLC tumors. The distribution of tumor hypoxia varies widely 

and has shown to change during radiation treatment. Poor correlation was observed between glucose 

metabolism and hypoxia in NSCLC suggesting that specific PET tracers are necessary to quantify 

tumor hypoxia. Although conflicting data exist with respect to the variation of tumor hypoxia during 

treatment, residual tumor hypoxia at the end of treatment seems to be a prognostic factor with respect 

to tumor response after chemoradiotherapy. Further studies are needed on the spatial and temporal 

changes of tumor hypoxia, to explore the potential of hypoxia based radiation dose escalation 

strategies.
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