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A B S T R A C T   

Objective: Diffusion-weighted magnetic resonance imaging (DWI) has shown promise in predicting response to 
therapy in several malignancies. This systematic review and meta-analysis aimed to evaluate DWI in the pre-
diction of response to treatment in patients with cervical cancer. 
Methods: A systematic search was conducted on PubMed, Web of Science, Cochrane and Google Scholar data-
bases Studies that evaluated DWI and apparent diffusion coefficient (ADC) for response evaluation before, during 
and after treatment with a correlation to conventional response criteria were included. The primary endpoint was 
the mean ADC values of cervical cancer at these timepoints. The Quality Assessment of Diagnostic Accuracy 
Studies (QUADAS-2) was used to assess the quality of the studies. 
Results: Nine studies, comprising 270 patients, were included. Pre-treatment ADC values showed no correlation 
with eventual response. However, in our meta-analysis, there was a significant correlation with early treatment 
ADC values obtained within the first 3 weeks of therapy and response, as well as a significant correlation with the 
percentage change in ADC (ΔADC) and response. In addition, the pooled mean ΔADC percentage was also 
significantly higher in responders than in non-responders (49.7% vs 19.7%, respectively, p = 0.016). 
Conclusion: DWI shows potential as a biomarker of early treatment response in patients with cervical carcinoma. 
Use of the change in ADC particularly within the first 3 weeks of therapy seems to be predictive of response and 
may serve as a suitable marker in the determination of early response.   

1. Introduction 

In recent years, DWI has been proposed as a potential biomarker of 
treatment response in various tumors (Harry et al., 2008; Dzik-Jurasz 
et al., 2002). Although initially used in the imaging of cerebral stroke 
(Šaňák et al., 2006; Oppenheim, 2006), this technique has the ability to 
integrate morphological and functional changes that offer great promise 
as predictors or early indicators of therapy response in malignancies. 

A challenge in cancer management has always been the absence of a 
reliable and early marker of treatment response. This would have sub-
stantial clinical value as persisting with ineffective therapy is associated 
with poor outcome, increased toxicity and morbidity, undue expense 
and ultimately, delay in administering potentially more effective 
treatment. 

Conventional imaging techniques have historically relied on changes 
in morphology and size of tumor, but these are limited since changes in 
gross tumor dimension may lag behind the biological alterations that 

occur earlier in responders (Hayes et al., 2002; Padhani, 2002; Pickles 
et al., 2006). 

DWI is a functional imaging technique that is sensitive to the 
microscopic motion of water molecules (Chenevert et al., 2002; Che-
nevert, 2000; Hamstra et al., 2007), and can be applied to a conventional 
magnetic resonance sequence (Stejskal and Tanner, 1965). It therefore 
allows for non-invasive characterization of biological tissues based on 
their water-diffusion properties and can be quantified as the ADC which 
is an indicator of tumor microstructure. 

In this way, DWI (and ADC) has been proposed as a surrogate marker 
of tumor cellularity by observing the movement of water within tumors 
(Hamstra et al., 2007; Le Bihan et al., 1988; Ross, 1994; Ross, 2003; 
Zhao et al., 1996) and has the ability to detect the changes in cell density 
due to the necrosis and apoptosis that occur with various forms of 
anticancer therapy. In addition, these changes occur before macroscopic 
indicators of response such as tumor size and volume are observed 
(Pickles et al., 2006; Lee et al., 2007). 
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The standard treatment for locally advanced cervical cancer is con-
current chemoradiation. To date, there are no accepted imaging mo-
dalities that have can reliably predict the outcome of therapy and many 
of these women must contend with post-treatment scans in order to 
determine their eventual response. It would therefore be clinically 
relevant to identify an early biomarker of response that can be used well 
before the end of therapy thus allowing for modifications of the regime. 

Members of this team produced one of the earliest studies that 
evaluated DWI as a biomarker of early response in cervical cancer 
(Harry et al., 2008). Since then, DWI has been increasingly explored in 
the prediction and early assessment of treatment response in cervical 
carcinomas (Chen et al., 2010; Dashottar et al., 2019; Hameeduddin and 
Sahdev, 2015; Kuang et al., 2014; Lee et al., 2014; McVeigh et al., 2008; 
Yang et al., 2018; Zheng et al., 2020). Using the DW images, ADC maps 
have been generated and allow for the quantification of ADC before and 
during treatment, potentially offering a more individualized approach in 
treating these patients while reducing unnecessary toxicity. 

A recent review found that ADC values detected pre-therapy in cer-
vical cancers could not be used to predict therapy response (MEYER 
et al., 2021), but our team felt that the more appropriate marker would 
be the change in ADC with treatment as DWI is sensitive to the dynamic 
water movement within tumors that occurs with therapy, more so than 
just absolute values documented before the start of treatment. This 
theory has been borne out in other solid tumors as well (Amodeo et al., 
2018; Vollenbrock et al., 2020). Hence, it is entirely more appropriate to 
perform a comprehensive review on ADC changes with treatment. 

Therefore, the aim of this study was to systematically review the 
evidence for use of DWI and ADC, particularly the change in ADC, in 
locally advanced cervical cancer for prediction and early response 
assessment of treatment. 

2. Methods 

This systematic review followed the Preferred Reporting Items for 
Systematic Review and Meta-Analyses (PRISMA) guidelines (Moher 
et al., 2009). 

2.1. Search strategy 

A systematic search was performed in the PubMed, Web of Science, 
Google Scholar and Cochrane library electronic databases from January 
2005 to April 2021, as the first article on this technique was published in 
2005 (Naganawa et al., 2005). The following search terms were used: 
“diffusion-weighted MRI” OR “diffusion-weighted imaging” OR “DWI”; 
“apparent diffusion coefficient” OR “ADC” AND “cervical cancer” OR 
“cervical carcinoma” AND “response’ OR “predict” OR “prognosis”. 
References of articles included in the final section were reviewed. 

2.2. Eligibility criteria 

Studies were included if they met the following criteria: biopsy- 
confirmed cervical cancer, treatment by concurrent chemoradiation or 
neoadjuvant chemotherapy followed by surgery or radiotherapy, DWI 
performed before therapy and again early in the treatment regime; 
within the first 3 weeks of treatment, ADC values given at these time 
points and the reference standard for tumor response to therapy as 
measured by the Response Evaluation Criteria in Solid Tumors (RECIST) 
on follow-up scanning in patients (Duffaud and Therasse, 2000; Eisen-
hauer et al., 2009). 

The search strategy was limited to human clinical studies and those 
published in English or any language for which English translation was 
readily available. Studies that were excluded were case reports, review 
articles, conference presentations, studies without ADC values and 
xenograft or animal model experimental studies. Trial registries were 
not searched and any unpublished studies that were identified during 
this review were not included. 

2.3. Study selection 

The literature search and study selection were independently per-
formed by two authors, VH and SP. Title and abstract screening were 
carried out and publications for full text review were included if they 
reported the use of DWI in cervical cancers. Any discrepancies were 
resolved through a consensus discussion with all authors afterwards. 

2.4. Data extraction and quality assessment 

The primary endpoint was defined as the ADC values in patients 
(both responders and non-responders) who had DWI performed prior to 
the start of chemoradiation and within 3 weeks of their treatment 
regime. We chose to include studies with DWI performed early in the 
therapy regime, as a practical biomarker should be able to predict 
response early enough to affect an appropriate change in treatment. 

Data extraction was done independently by two authors, VH and SP. 
From each study, the following information was extracted: the name of 
the study, the first author, year of publication, study design, number of 
patients, mean age and range, histological type and tumor stage. Im-
aging data recorded included MRI field strength and the timing of the 
DWI sequences with respect to the treatment regime. Pre-treatment 
mean ADC values as well as mean ADC values obtained when imaged 
during the early phase of the therapy regime were recorded. The change 
in ADC (ΔADC) between these 2 timepoints was used and was calculated 
as early treatment ADC minus pre-treatment ADC divided by pre- 
treatment ADC and multiplied by 100. 

Furthermore, information on the assessment of response before and 
after treatment was extracted. Responders (R) were defined as either 
complete or partial response, while non-responders (NR) were defined 
as stable disease and progressive disease as based on RECIST. 

In the case of overlapping study populations published by the same 
author or institution, the larger study population was included. For 
duplicate publications, the most recent and complete report was used. 
The selected studies were assessed for the methodological quality using 
Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) criteria 
(Whiting, 2011). 

2.5. Statistical methods 

The analysis was carried out using RevMan 5.4 (Review Manager 
Version 5.4.1, The Cochrane Collaboration, 2020). Heterogeneity be-
tween studies was assessed using the Inconsistency index, I2, which 
represents the estimated proportion of unexplained inter-study variance. 
An I2 of ≤50% is suggestive of an absence of any substantial heteroge-
neity (Higgins, 2003). P values of <0.05 were considered statistically 
significant. 

3. Results 

3.1. Study selection 

From a total of 326 citations, 114 records remained after removal of 
duplicates (Fig. 1). An additional 93 articles were removed on the basis 
of their titles and abstracts. Twenty-one articles were then subjected to 
full-text review to assess their suitability according to the inclusion 
criteria. Any study with only pre-treatment ADC values and no repeat 
early assessment of ADC during the therapy regime was excluded. The 
reasons for excluding the remaining studies are given in Fig. 1. Finally, 9 
studies fully complied with the inclusion criteria and were included in 
the analysis. 

3.2. Quality of the included studies 

The results of the QUADAS-2 assessment are shown in Fig. 2. Overall, 
following evaluation of the methodological quality of the included 
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studies, the risk of bias was considered low. 
Patient selection was considered well-defined within the respective 

methodology. However, some studies did not clearly or sufficiently 
define their inclusion criteria which may result in potential bias. The 
index test defined as DWI was clearly reported in all articles and should 
not be seen as a source of potential bias. 

As DWI is not used routinely used for routine response monitoring, 
the reference standard of T1 and T2 sequences and their interpretation 
would not have introduced bias. Similarly, for flow and timing, there 
were no delays between imaging and treatment regimes, and all patients 
received a post therapy evaluation. 

3.3. General study characteristics 

Nine studies, which comprised a total of 270 patients with cervical 
cancer, used DWI to evaluate treatment response. There were 264 
women with squamous cell cancers and 6 with adenocarcinomas. All 

studies included tumor staging ranging from FIGO stage IB to IV and a 
summary of other characteristics are included in Table 1. 

All studies were published between 2008 and 2019, were all written 
in English language and were conducted in four different countries: 
United Kingdom, China, India and Japan. The selected studies were all 
observational with 7 prospective (Harry et al., 2008; Zhang et al., 2011; 
Fu et al., 2012; Liu, 2015; Das et al., 2015; Zhu, 2016; Bian et al., 2019), 
and 2 retrospective designs (Kuang et al., 2014; Makino et al., 2014). 
There were no randomized studies. 

All patients in six of the included studies were treated with concur-
rent chemoradiation (Harry et al., 2008; Kuang et al., 2014; Zhang et al., 
2011; Liu, 2015; Zhu, 2016; Bian et al., 2019). In one study, 16 patients 
received concurrent chemoradiation while the remaining 9 received 
radiotherapy alone due to advanced age or poor performance status 
(Makino et al., 2014). In the other two studies, the patients received 
neoadjuvant chemotherapy followed by radical hysterectomy or radio-
therapy in one report (Fu et al., 2012), and by concurrent 

Fig. 1. Flow chart of literature search and study selection criteria adapted from PRISMA.  
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chemoradiation in the other (Das et al., 2015). 
Out of the entire study population of 270 patients, there were 181 

responders (complete and partial response) and 89 non-responders 
(stable disease, progressive disease and residual disease). 

MRI scans were performed on a field strength of 1.5 Tesla in four 
studies and 3.0 Tesla in five studies. All studies used b values between b 
= 0 and b = 1000 to calculate the ADC. Baseline or pre-treatment DWI 
was done on all patients and used to calculate ADC via regions of interest 
(ROI). For the timepoints of DWI (and ADC) assessment early in the 
treatment regime, this was done on day 14 in 6 studies (Harry et al., 
2008; Kuang et al., 2014; Zhang et al., 2011; Fu et al., 2012; Liu, 2015; 
Zhu, 2016) and on day 21 in the other 3 studies (Makino et al., 2014; Das 
et al., 2015; Bian et al., 2019). A summary of the imaging characteristics, 
ADC values and response rates is given in Table 2. 

3.4. Prediction of response before treatment 

All nine studies evaluated pre-treatment ADC for the prediction of 
response to treatment. Of these, only one study found a correlation be-
tween pre-treatment ADC and outcome (Bian et al., 2019). Bian et al 

showed that pre-therapy ADC was significantly higher in their good 
response group than in those with a poor response (p < 0.05). The 
remaining eight studies did not find any correlation between pre- 
treatment ADC and response. 

In our meta-analysis, we did not find a correlation between pre- 
treatment ADC values and response, p = 0.48, as shown in Fig. 3. 

3.5. Prediction of response during treatment 

Response prediction during treatment was reported in all nine 
studies and is summarized in Table 2. Two of these studies found that the 
absolute values of ADC measured early in the treatment regime, as well 
as the change in ADC from pre- to early therapy values both significantly 
correlated with response (Harry et al., 2008; Das et al., 2015). For Harry 
et al., the ADC values after 14 days of chemoradiation showed a corre-
lation with eventual MR-measured response (p = 0.009, ρ = 0.448) as 
did the change in ADC at that time point (p = 0.01, ρ = 0.56) (Harry 
et al., 2008). Similarly, Das et al showed both significant correlations 
with ADC values early in the regime as well as in the change in ADC, (p 
= 0.01 and p = 0.03 respectively) (Das et al., 2015). 

Fig. 2. QUADAS-2 quality assessment of the included studies.  

Table 1 
Summary of characteristics of the included nine studies. (CRT: chemoradiation, CR: complete response, PR: partial response, SD: stable disease, PD: progressive 
disease).  

Author, year Country Study design Number of 
Patients 

Age mean 
(range) 

Tumor type n FIGO staging n Treatment Outcome n 

Harry et al., 2008 ( 
Harry et al., 2008) 

UK Prospective 20 50 (34–80) Squamous cell: 18 
Adenocarcinoma: 2 

IB2: 1 IIA: 2 IIB: 3 
IIIB: 13 IVB: 1 

Concurrent CRT PR: 19 SD: 1 

Zhang et al., 2011 ( 
Zhang et al., 2011) 

China Prospective 14 44 (26–71) Squamous cell: 14 IIA:2 IIB:5 IIIB:5 
IVA: 2 

Concurrent CRT CR: 1 PR: 13 

Fu et al., 2012 (Fu 
et al., 2012) 

China Prospective 30 42 (25–55) Squamous cell: 30 IB2:15 IIA:9 IIB: 6 Neoadjuvant 
chemotherapy 

CR: 1 PR: 22 
SD: 5 PD: 2 

Kuang et al.,2014 ( 
Kuang et al., 2014) 

China Retrospective 75 49 (36–66) Squamous cell: 75 IIA:38 IIB: 15 III: 13 
IV: 9 

Concurrent CRT CR: 35 PR: 22 
SD: 18 

Makino et al., 2014 ( 
Makino et al., 2014) 

Japan Retrospective 25 63.5 
(36–91) 

Squamous cell; 21 
Adenocarcinoma: 4 

IB: 3 IIA: 1 IIB: 4 IIIA: 
2 IIIB: 8 IVA: 3 IVB: 4 

Concurrent CRT: 
16, RT: 9 

CR: 16 PD: 9 

Liu et al., 2015 (Liu, 
2015) 

China Prospective 33 53.6 
(36–75) 

Squamous cell: 33 IIB: 10 IIIA: 1 IIIB: 22 Concurrent CRT CR: 7 PR: 26 

Das et al., 2015 (Das 
et al., 2015) 

India Prospective 24 50 (36–61) Squamous cell: 24 IIB: 9 IIIB: 15 Neoadjuvant CRT CR: 9 PR: 6 SD: 
9 

Zhu et al., 2016 (Zhu, 
2016) 

China Prospective 21 49.6 
(24–76) 

Squamous cell: 21 II: 11 III: 6 IV: 4 Concurrent CRT CR: 18 PR: 3 

Bian et al., 2019 (Bian 
et al., 2019) 

China Prospective 28 47.8 
(31–69) 

Squamous cell: 28 IB: 1 IIB: 26 IIIB: 1 Concurrent CRT CR: 22 PD: 6  
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Table 2 
A summary of study imaging characteristics, ADC values (units of ADC value: 10− 3mm2/s), the percentage change in ADC and response rates.  

Author, year MRI Tesla 
strength 

b-value (s/ 
mm2) 

Timing of DWI 
assessments used 

Study findings – ADC 
correlation with response 

Pre-treatment 
ADC 

Early 
treatment ADC 

ΔADC/ 
% 

Response 
(n) 

Harry et al. 2008 (Harry 
et al., 2008) 

1.5T 0, 1000 Pre-therapy 
Day 14 

No correlation with response 
ADC correlated with 
response (p = 0.009) 
ΔADC correlated with 
response (p = 0.01) 

1.24 ± 0.18 
1.15 ± 0.10 

1.53 ± 0.28 
1.43 ± 0.10 

23 
20 

R = 19 
NR = 1 

Zhang et al., 2011 ( 
Zhang et al., 2011) 

1.5T 0, 1000 Pre-therapy 
Day 14 

No correlation with response 
ADC – no correlation with 
response 
ΔADC correlated with 
response (p = 0.010) 

1.04 ± 0.11 
1.11 ± 0.21 

1.47 ± 0.10 
1.35 ± 0.24 

41 
22 

R = 1 
NR = 13 

Fu et al., 2012 (Fu et al., 
2012) 

3T 0, 900 Pre-therapy 
Day 14 

No correlation with response 
ADC correlated with 
response (p = 0.022) 

0.89 ± 0.09 
0.88 ± 0.08 

0.98 ± 0.10 
0.89 ± 0.09 

10 
1 

R = 23 
NR = 7 

Kuang et al., 2014 ( 
Kuang et al., 2014) 

3T 0, 1000 Pre-therapy 
Day 14 

No correlation with response 
ADC – no correlation with 
response 
ΔADC correlated with 
response (p < 0.05) 

0.80 ± 0.1 
0.78 ± 0.05 

1.02 ± 0.13 
1.04 ± 0.08 

28 
33 

R = 57 
NR = 18 

Makino et al., 2014 ( 
Makino et al., 2014) 

1.5T 0, 1000 Pre-therapy 
Day 21 

No correlation with response 
ADC – no correlation with 
response 
ΔADC correlated with 
response (p < 0.05) 

0.87 ± 0.13 
0.92 ± 0.10 

1.30 ± 0.25 
1.17 ± 0.15 

46 
27 

R = 16 
NR = 9 

Liu et al., 2015 (Liu, 
2015) 

1.5T 0, 1000 Pre-therapy 
Day 14 

No correlation with response 
ΔADC correlated with 
response (p = 0.007) 

0.810 ± 0.015 
0.863 ± 0.088 

1.213 ± 0.981 
1.154 ± 0.131 

49 
34 

R = 7 
NR = 26 

Das et al., 2015 (Das 
et al., 2015) 

3T 0, 800 Pre-therapy 
Day 21 

No correlation with response 
ADC correlated with 
response (p = 0.01) 
ΔADC correlated with 
response (p = 0.03) 

0.71 ± 0.11 
0.74 ± 0.12 

1.31 ± 0.26 
1.00 ± 0.19 

85 
35 

R = 15 
NR = 9 

Zhu et al., 2016 (Zhu, 
2016) 

3T 0, 1000 Pre-therapy 
Day 14 

No correlation with response 
ADC correlated with 
response (p = 0.001) 

1.00 ± 0.11 1.39 ± 0.26 39 R = 21 

Bian et al., 2019 (Bian 
et al., 2019) 

3T 0, 850 Pre-therapy 
Day 21 

No correlation with response 
ADC – no correlation with 
response 

0.9775 ±
0.9542 
0.9945 ±
0.2168 

1.3915 ±
0.1804 
1.2632 ±
0.1502 

43 
27 

R = 22 
NR = 6  

Fig. 3. Forest plot showing the Std Mean Difference in pre-treatment ADC values (×10− 3 mm2/s) between responders (R) and non-responders (NR). Heterogeneity: 
Tau2 = 0.01; Chi2 = 4.54, I2 = 10%. Test for overall effect: Z = 0.70 (p = 0.48). Weights are from random effects model. 
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Four studies looked at the change in ADC from pre-therapy values to 
early-treatment values, and a significant correlation with response was 
observed, although this was not demonstrated with the absolute values 
(Kuang et al., 2014; Zhang et al., 2011; Makino et al., 2014; Liu, 2015). 

Alternatively, the remaining three studies reported a significant 
correlation with the ADC values at the early treatment timepoint with 
response but did not use change in ADC as an indicator (Fu et al., 2012; 
Zhu, 2016; Bian et al., 2019). In these studies, we calculated the change 
in ADC between the 2 time points in the way previously described and 
used this percentage change in our analysis. 

In our meta-analysis, there was a significant correlation with early 
treatment ADC values and response (Fig. 4) as well as a significant 
correlation with the percentage change in ADC (ΔADC) and response 
(Fig. 5). In addition, a higher mean percentage increase in ADC (49.7%) 
seen within the first 3 weeks of therapy was seen in responders 
compared to a mean percentage increase of 19.7% in non-responders (p 
= 0.016). 

Only 3 of the included studies provided information on sensitivity 
and specificity of ADC in predicting response. Kuang et al found that a 
21% increase in ADC after 2 weeks of chemoradiation had 85.7% 
sensitivity and 100% specificity in differentiating complete responders 
from partial responders and stable disease (Kuang et al., 2014). Das et al 
found their cut-off in ΔADC to be 0.48 for 70% sensitivity and 71% 
specificity for predicting response (Das et al., 2015). Similarly, Liu et al 
concluded that day 14 after therapy was the optimal time for ADC 
prediction of response and their cut-off of 35.4% for ΔADC at this time 
point was 100% sensitive and 73.1% specific for prediction of complete 
response (Liu, 2015). We were unable to assess an overall sensitivity and 
specificity of ADC or construct a ROC curve as only 3 studies provided 
this information. 

4. Discussion 

DWI has the ability to provide functional information on the 
microstructure of tissues by assessing the differences in water mobility 
within tumors and how this is impacted by treatment. 

This meta-analysis systematically evaluated the role of DWI as a 
predictive biomarker of treatment response in patients with cervical 
cancer and found a statistically significant correlation between ADC 
values detected within three weeks of therapy as well as the change in 
ADC (ΔADC) at this time point with eventual response. 

Pre-treatment ADC values however did not show the ability to pre-
dict response. Clearly, identification of a prognostic indicator before 
treatment would be valuable as this would guide initial treatment 
planning and therefore individualize therapy from the beginning. 

In other tumors such as head and neck cancers, there have been 
promising results with pre-therapy ADCs (Camargo et al., 2017; 
Ellingson et al., 2014; Ravanelli et al., 2020; Palmisano et al., 2020), but 
this has not been borne out in the majority of studies with cervical 
carcinoma (MEYER et al., 2021). Similarly, this review has not detected 
any significant relationship between pre-therapy ADC and response. 

This may be due to differences in pre-treatment cell density and other 
histopathological features that are detected by DWI and ADC, which 
may not necessarily influence treatment success (Surov et al., 2020). For 
instance, it is known that ADC values differ in squamous cell cancers and 
adenocarcinomas (Lin et al., 2015). 

We however found significant correlation between ADC values 
documented early in the treatment regime as well as the percentage 
change in ADC at this time. In addition, the magnitude of the change was 
greater in responders than in non-responders. 

Several other studies looking at different tumors have reported 
similar results (Amodeo et al., 2018; Vollenbrock et al., 2020; Chen 
et al., 2019) and it is likely that the relative change in ADC or percentage 
change in ADC is the more promising measure as this has the advantage 
that relative measurements suffer less from practice variations when 
compared to absolute values. DWI detects changes in the microstructure 
of biological tissues and ADC is sensitive to the dynamic motion of water 
particularly with treatment, hence the potential to be more useful as a 
marker of response during treatment, as opposed to before treatment. 

The nine studies reviewed showed variable results both in the ab-
solute value of ADCs and the magnitude of the changes in ADC, which 
may be explained by the techniques used, since diffusion values 

Fig. 4. Forest plot showing the Std Mean Difference in early-treatment ADC values (x10− 3mm2/s) between responders (R) and non-responders (NR).  
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obtained from DWI and subsequent ADC mapping depend on the pulse 
sequence and post-processing methods used. 

Unfortunately, we were unable to assess overall sensitivity and 
specificity of ADC since only 3 studies reviewed provided this data, and 
therefore we cannot provide a cut-off value to use to differentiate be-
tween responders and non-responders. 

Our systematic review demonstrates that response prediction and 
assessment with quantification of ADC values on DWI in patients with 
cervical cancer can be challenging. 

There were several limitations of this review. Firstly, as the analysis 
is based upon results of the literature search, there may be some degree 
of publication bias due to the trend of positive or significant reported 
results. Only articles in English Language were reviewed and two out of 
the nine studies were retrospectively designed, are also limiting factors. 

A known challenge in interpreting quantitative measurements in 
these studies is the practice variations when dealing with image acqui-
sitions, such a different field strengths (1.5T and 3T were used), different 
b-values used to calculate the ADC and different measurement tech-
niques and ROI placement. For instance, some studies measured tumor 
ADC using single axial section while others used three-dimensional 
volume. Similarly, the experience of the radiologist is a crucial factor 
in evaluating these measurements and was not documented in all the 
studies. 

The varying results of the included studies can also be explained by 
intrinsic tumor characteristics as well as different treatment regimes, as 
some patients received concurrent chemoradiation while others 
received neoadjuvant chemotherapy prior to radiotherapy. 

Using the RECIST criteria for response may be viewed by some as a 
limitation as it may not be directly linked to clinical outcome, and it can 
be argued that changing a treatment regime not only depends on 
RECIST, but other factors such as FIGO stage, patient condition and 
metastatic disease. However, we feel that as the reference standard used 
to express response, and accepted in daily oncological and radiological 
practice, it remains an objective parameter. 

The heterogeneity observed among the studies must also be consid-
ered. Different scanner technique, b-values, magnetic field strength and 
diverse methods of measuring ADC may contribute to this although it 
was not sufficient to prevent a meta-analysis from being performed. 
Differences in defining responders and non-responders will add to this as 

well, as the studies included were not completely uniform in the defi-
nition of complete responders. 

Nonetheless, even though not all of the included studies reached 
significance individually, the change in ADC within three weeks of 
starting treatment showed a trend towards a larger increase in re-
sponders when compared to non-responders. This may be explained by 
the early effect of chemoradiation on the tumor microenvironment 
inducing necrosis and apoptosis, loss of cell membrane integrity, in-
crease in extracellular space, lower cellularity, typically resulting in an 
increase in ADC. 

However, we are unable to determine specific ADC cut-off values 
that can be applied in clinical practice on individualized patients. Larger 
prospective studies with accepted and standardized DWI sequences and 
consistent methods of ADC measurements are required to achieve 
comparable and functional results. 

Also crucial would be studies to further evaluate DWI in predicting 
survival as some initial reports have suggested a role for this (Somoye 
et al., 2012), and in particular, reducing late relapse (Kalampokas et al., 
2020). 

5. Conclusion 

The results of this systematic review and meta-analysis show that a 
change in ADC values, particularly a relative increase in ADC early in the 
treatment regime has the potential to predict response to treatment 
patients with cervical cancer. 
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