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A B S T R A C T   

Purpose: Laryngeal and Hypopharyngeal Carcinomas (LC/HPC) constitute about 24 % of head and neck cancers, 
causing more than 90,000 annual deaths worldwide. Diffusion-Weighted Imaging (DWI), is currently widely 
studied in oncologic imaging and can aid in distinguishing cellular tumors from other tissues. Our objective was 
to review the effectiveness of DWI in three areas: diagnosing, predicting prognosis, and predicting treatment 
response in patients with LC/HPC. 
Methods: A systematic search was conducted in PubMed, Web of Science, and Embase. A meta-analysis by 
calculating Standardized Mean Difference (SMD) and 95 % Confidence Interval (CI) was conducted on diagnostic 
studies. 
Results: A total of 16 studies were included. All diagnostic studies (n = 9) were able to differentiate between the 
LC/HPC and other benign laryngeal/hypopharyngeal lesions. These studies found that LC/HPC had lower 
Apparent Diffusion Coefficient (ADC) values than non-cancerous lesions. Our meta-analysis of 7 diagnostic 
studies, that provided ADC values of malignant and non-malignant tissues, demonstrated significantly lower ADC 
values in LC/HPC compared to non-malignant lesions (SMD = − 1.71, 95 %CI: [− 2.00, − 1.42], ADC cut- 
off = 1.2 × 103 mm2/s). Furthermore, among the studies predicting prognosis, 67 % (4/6) accurately predicted 
outcomes based on pretreatment ADC values. Similarly, among studies predicting treatment response, 50 % (2/4) 
successfully predicted outcomes based on pretreatment ADC values. Overall, the studies that looked at prognosis 
or treatment response in LC/HPC found a positive correlation between pretreatment ADC values in larynx/hy
popharynx and favorable outcomes. 
Conclusion: DWI aids significantly in the LC/HPC diagnosis. However, further research is needed to establish 
DWI’s reliability in predicting prognosis and treatment response in patients with LC/HPC.   

1. Introduction 

Head and neck squamous cell carcinoma is the sixth most prevalent 
cancer worldwide, resulting in approximately 450,000 deaths in 2018 
[1]. More than 95 % of Laryngeal Carcinoma (LC) and Hypopharyngeal 
Carcinoma (HPC) are squamous cell carcinomas. These cancers are 
predominantly caused by tobacco and alcohol use, whereas human 
papillomavirus infection does not have a substantial role, unlike 
oropharyngeal cancer[2]. LC constitutes approximately 20.8 % of head 
and neck cancers, contributing to an estimated average of 3.28 million 
disability-adjusted life years globally each year [3,4]. Over the past 

three decades, the global incidence of LC has increased by 24 %, and 
according to estimates by the American Cancer Society, approximately 
12,380 new cases are projected to be diagnosed in the USA in 2023 
[3,5]. HPC is not as common within the head and neck region (about 
3 %), with an annual incidence of 3,000 cases in the USA [6]. Never
theless, HPC exhibits a poorer prognosis than LC, often presenting with 
frequent nodal metastasis [4,6]. Magnetic Resonance Imaging (MRI) and 
Computed Tomography (CT) are used for staging of laryngeal and 
hypopharyngeal SCCs. CT has a higher spatial and temporal resolution 
and is commonly used for diagnosis and staging of LC and HPC. Non- 
ossified cartilage and tumors may have a similar attenuation and 
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cannot be easily differentiated on conventional CT [7]. However, dual- 
energy CT has been found to have a higher specificity than MRI in 
assessing cartilage invasion in patients with laryngeal and hypophar
yngeal SCCs [8]. 

MRI offers better soft tissue contrast resolution, enhanced discrimi
nating between tumors and peritumoral inflammatory changes, 
improved tumor delineation and neoplastic involvement of the para
glottic space, laryngeal cartilages (compared to the conventional CT), 
and extralaryngeal soft tissues, and provides higher diagnostic accuracy 
in distinguishing posttreatment changes from recurrent or residual tu
mors [9]. MRI is sensitive to motion artifacts from breathing and swal
lowing due to longer acquisition time as well as susceptibility artifacts 
from air. 

Diffusion-Weighted Imaging (DWI) is an MRI technique that mea
sures the movement of water molecules in human tissues to estimate the 
cellular makeup of the tissue [10]. By analyzing the diffusion values, it 
serves as a proxy marker for tissue cellularity. Malignant tumors 
generally have lower mean Apparent Diffusion Coefficient (ADC) values 
due to their high cellularity, high nuclear-to-cytoplasmic ratio, and 
densely packed intracellular space [11]. The extent of signal loss de
pends on water diffusion, with the intensity of the signal primarily 
influenced by the b-value of the diffusion encoding gradients [11]. 
Signal loss can be attributed, in part, to the movement of water mole
cules through vascular structures, including capillaries [11]. 

In the clinical context, DWI presents a significant advantage over 
conventional MRI, particularly in its enhanced capabilities for lesion 
detection and characterization [12,13]. While lesion detection tradi
tionally relies on subjective interpretation, DWI offers the capacity to 
quantify water diffusion across tissues through the measurement of ADC 
values [12]. This objective assessment enables the identification of 
malignancy by pinpointing regions with diminished water diffusion, 
thereby augmenting the diagnostic efficacy of conventional MRI across 
various malignant lesions [12,13]. Moreover, by delineating the water 
diffusion patterns within malignant tumors, DWI provides a compre
hensive depiction of the structural and functional integrity of the tissue, 
offering valuable insights into lesion characteristics [13]. These insights 
can be further leveraged for assessing treatment response or prognosti
cating disease progression in patients. Additionally, DWI’s capability to 
detect microstructural alterations in tissues facilitates the early identi
fication of tissue changes and the prompt detection of malignant lesions 
or disease recurrence post-treatment, even in instances where such al
terations may not be discernible through conventional MRI techniques 
[14]. 

Previous studies have indicated that malignant head and neck lesions 
exhibit higher signal intensity on high b-value DWI and lower ADC 
values than normal tissues [15]. A systematic review on head and neck 
squamous cell carcinoma demonstrated the successful identification of 
primary tumors, lymph node metastases, and head and neck cancer 
recurrence using DWI-derived ADC values [16]. Recent studies have 
reported the benefit of DWI in differentiating head and neck cancers 
from non-tumoral lesions [17] and posttreatment changes [18,19]. 
Moreover, various papers have documented the value of DWI, primarily 
ADC, in predicting recurrence [20–23]. ADC values have also been 
shown to be able to predict the prognosis of patients with head and neck 
cancers [24,25] and the prognosis and treatment response in patients 
with nasopharyngeal carcinoma [26]. Nevertheless, a consolidated and 
comprehensive body of evidence is currently absent regarding the utility 
of DWI, particularly focusing on ADC values, in the diagnosis of LC/HPC. 
Additionally, there is a lack of systematic exploration regarding its po
tential for predicting treatment response and prognosis in individuals 
with LC/HPC. 

Addressing this mentioned gap of knowledge, we performed a sys
tematic review and meta-analysis to assess the utility of DWI in (1) 
distinguishing LC/HPC from benign lesions, (2) predicting the prognosis 
of the patients with LC/HPC, and (3) predicting the treatment response 
in the patients with LC/HPC. 

2. Materials and methods 

2.1. Search strategy 

We performed a systematic search in three databases of PubMed, 
Embase, and Web of Science, to identify relevant papers on the use of 
DWI for the diagnosis of LC/HPC, predicting the prognosis of the pa
tients with LC/HPC, and predicting response to treatments in patients 
with LC/HPC up until December 26, 2023. The search keywords con
sisted of: (“Larynx”[Mesh] OR “Laryn*” OR “Hypopharynx”[Mesh] OR 
“Hypopharyn*”) AND (“Neoplasms”[Mesh] OR “Carcinoma*” OR 
“Cancer*” OR “Neoplasm*”) AND (“Diffusion Magnetic Resonance 
Imaging”[Mesh] OR “Diffusion Magnetic Resonance Imaging” OR 
“Diffusion Weighted” OR “Diffusion-Weighted” OR “DWI” OR “Diffusion 
MRI” OR “DMRI” OR “DW-MRI” OR “Apparent Diffusion Coefficient” 
OR “ADC” OR “Isotropic Map”). Detailed information regarding the 
utilized keywords and applied filters in each dataset is provided in the 
Supplementary Materials. Furthermore, a manual screening was con
ducted through Google Scholar, Google, and reference lists of the 
included articles. 

In keeping with prior studies and definitions [27], we defined ‘pre
dictive’ as a biomarker of response to the therapeutic intervention and 
‘prognostic’ as a biomarker of the overall survival or recurrence out
comes [27]. This study adhered to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) [28]. 

2.2. Inclusion and exclusion criteria 

The inclusion criteria consisted of (1) article: peer-reviewed original 
papers; (2) population: patients with histologically proven LC or HPC; 
(3) index test: DWI modalities that measured ADC values of the tumor 
lesions; (4) reference standard: regarding the diagnostic studies, we 
included articles that compared the DWI-derived ADC values of the 
histopathologically proven tumoral and non-tumoral lesions (or normal 
tissue) of the larynx or hypopharynx. Also, for the prognostic and 
treatment response predicting studies, we included articles that used 
ADC values (pretreatment, intra-treatment, or posttreatment) of the 
tumoral laryngeal/hypopharyngeal lesions for predicting the treatment 
outcome, which was determined by histology, clinical, imaging follow- 
up, or prespecified standardized measures of treatment response (e.g., 
response evaluation criteria in solid tumors), or a combination of them; 
(5) outcome: for the prognostic studies, we included studies that 
assessed at least one of the measures of Overall Survival (OS), Locore
gional Control (LRC), Recurrence-Free Survival (RFS), and Progression- 
Free Survival (PFS) in patients with LC/HPC; (6) study design: obser
vational studies (retrospective or prospective). 

The exclusion criteria were: (1) studies that did not study patients 
with LC/HPC; (2) studies that did not employ DWI modalities; (3) 
studies that included ≤ 10 patients with LC/HPC; (4) studies that did not 
report ADC values; (5) studies with overlapping patients and data (e.g., 
combining patients with other head and neck cancers or data from other 
imaging modalities in their analyses); (6) animal studies; (7) studies that 
were not available in the English language; and (8) case reports, edito
rials, commentaries, letters, abstracts, book chapters, and review 
articles. 

2.3. Study selection 

The process of study selection started with removing the duplicated 
records. Then, two authors (MP and HSM) independently studied the 
titles and abstracts of the remained records and selected articles that 
were eligible for full-text screening. Subsequently, the same authors (MP 
and HSM) independently reviewed the full text of the selected articles 
and assessed their eligibility against the aforementioned criteria (Sec
tion 2.2). Any disagreements in the process of the study selection were 
resolved through discussion and consulting the third author (PM). 
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2.4. Data extraction 

The following data was collected from each eligible study: (1) study 
characteristics: first author, year of publication, country of origin, study 
design, the number of participants, and study aim; (2) clinical infor
mation: age, diagnosis of the patients, histopathologic diagnosis of their 
cancerous lesions, prescribed treatments, TNM stages of the partici
pants, and outcome measures (for the predictive and prognostic studies); 
and (3) MRI acquisition information: manufacturer, model, tesla, time 
repetition, time echo, field of view, b-values, Region of Interest (ROI) 
selection (including single section selecting the ROI at the largest cross- 
sectional area of the cancerous lesion and calculating ADC values from 
that region, and volume, the lesion’s ADC was obtained by calculating 
the mean of ADC values from all sections involving tumor), reported 
ADC values of the tumoral and non-tumoral lesions, ADC cut-offs, and 
reported predictive values; including P-value and Area Under The 
Receiving Operating Characteristics Curve (AUC). 

2.5. Quality assessment 

Two authors (MP and HSM) independently conducted quality as
sessments for the studies included in the analysis. To assess the risk of 
bias in the diagnostic and treatment response predicting studies, we 
utilized the Quality Assessment of Diagnostic Accuracy Studies-2 
(QUADAS-2) tool [29]. The QUADAS-2 statement scrutinizes bias 
across four domains: patient selection, index test, reference standard, 
and flow/timing [29]. Also, the first 3 domains are assessed regarding 
the applicability of the study findings [29]. We assigned ratings of “low”, 
“high”, or “unclear” to indicate bias risk and applicability for each 
QUADAS-2 domain [29]. Subsequently, the overall risk of bias and 
applicability of each study was evaluated based on the QUADAS-2 rec
ommendations [29]. The overall risk of bias of each study was estimated 
to be either “low risk of bias” or “at risk of bias”, and the overall 
applicability of each study was calculated to be either “low concerns 
regarding applicability” or “concerns regarding applicability” [29]. 

Moreover, to assess the risk of bias in the prognosis-predicting 
studies, we followed the Quality in Prognosis Studies (QUIPS) criteria 
[30]. QUIPS evaluates bias across six domains: study participants, study 
attrition, prognostic factor and outcome measurement, study con
founding, and statistical analysis/reporting. Based on the QUIPS rec
ommendations, we rated the risk of bias within each domain as “low”, 
“moderate”, or “high” [30]. Then, the overall risk of bias in each study 
was estimated to be either “low risk of bias” or “at risk of bias” based on 
the reviewers’ judgments. Notably, for the studies that investigated both 
the prognostic and diagnostic/treatment response predictive value of 
DWI findings, quality assessment was performed using both QUIPS and 
QUADAS-2 guidelines. 

2.6. Meta-analysis 

RevMan 5.1 and STATA 17 (STATA Corporation, TX, USA) were 
employed for the comprehensive analysis and integration of diagnostic 
study data. Our inclusion criteria focused on diagnostic studies that 
provided Mean ± Standard Deviation (SD) values for ADC values in both 
cancerous and non-cancerous laryngeal/hypopharyngeal tissues. The 
meta-analysis involved the assessment of heterogeneity through 
creating funnel plots, and calculating I2 and Cochran Q-test were among 
the included studies. In case of low heterogeneity (I2 < 50 % and 
Cochran Q-test p-value > 0.05), a fixed-effect model was planned for 
analysis. Conversely, in instance of high heterogeneity studies 
(I2 > 50 %, or Cochran Q-test p-value < 0.05), a random-effect model 
was planned in subsequent pooling [31]. We constructed forest plots for 
continuous variables and calculated the Standardized Mean Difference 
(SMD) [95 % Confidence Interval] between the ADC values of cancerous 
and non-cancerous lesions. Furthermore, potential publication bias was 
scrutinized using Egger’s test and Begg’s test [32]. Furthermore, a 

combined binominal logistic regression analysis was conducted to reach 
the optimal ADC value cut-off for the diagnosis of LC/HPC lesions from 
non-cancerous lesions. 

3. Results 

3.1. Study selection 

Fig. 1 illustrates the process of study screening and selection in this 
review. Our electronic search yielded a total of 430 records, and after the 
removal of duplicates, 300 records underwent the title and abstract 
screening process. Subsequently, 247 records met the exclusion criteria 
and were excluded, and 53 records underwent the full-text screening 
process and were assessed for eligibility. Subsequently, 14 records were 
found to be eligible to be included. Furthermore, our manual search 
identified two additional eligible articles, bringing the total number of 
studies included in this review to 16. 

3.2. Study characteristics 

3.2.1. General features 
A total of sixteen studies conducted in China (n = 6), Egypt (n = 5), 

Switzerland (n = 1), Italy (n = 1), Turkey (n = 1), Taiwan (n = 1), and 
Japan (n = 1), were included. Among them, eight had a retrospective 
design [33–40], while seven adopted a prospective design [41–47], and 
one had a cross-sectional design [48]. In addition, nine studies have 
investigated the applicability of DWI in diagnosing LC/HPC from non- 
tumoral larynx/hypopharynx lesions (or normal tissues) 
[33,34,37,41–44,47,48], while six assessed the applicability of DWI as a 
prognostic tool for LC/HPC patients [36,37,39,40,45,46], and four 
evaluated the viability of DWI for the treatment response prediction in 
LC/HPC [35,38,40,45]. Among them, Zhang et al. (2018) evaluated 
both the diagnostic and prognostic abilities of DWI [37], Wong et al. 
(2019), and Zhang et al. (2023) evaluated the implacability of DWI in 
both predicting the treatment response and prognosis of the patients 
[40,45]. Collectively, a total of 684 participants were reviewed in this 
study. Table 1 provides comprehensive information regarding the de
mographic and clinical characteristics of studies. 

3.2.2. Participants 
Among the included articles that examined DWI’s applicability in 

diagnosing LC/HPC, six studies were focused on patients with LC 
[33,34,41,43,44,47], one focused on HPC patients [37], and two 
explored a combined population of LC and HPC patients [42,48]. Among 
the treatment response prediction studies, two focused on HPC patients 
[35,45], while two encompassed both LC and HPC patients [38,40]. 
Moreover, among the prognosis prediction studies, three were focused 
on HPC patients [37,45,46], while one was conducted on LC patients 
[36], and two encompassed both LC and HPC patients [39,49]. Also, 
among the treatment response prediction studies, two were conducted 
on HPC patients [50,51], and two were performed on a mixed popula
tion of LC and HPC patients [38,49]. 

Collectively, ten studies were performed on patients with a 
confirmed histopathologic diagnosis of squamous cell carcinoma 
[33–35,37–40,43,46,48], and one study was conducted on a population 
of squamous cell and lymphoepithelial carcinomas [45]. Five studies did 
not specify the histopathologic diagnosis of the cancerous lesions of their 
participants [36,41,42,44,47] (Table 1). 

3.2.3. Outcome measures 
Among the treatment response prediction articles, two studies uti

lized the Response Evaluation Criteria in Solid Tumors (RECIST) criteria 
[52] for the treatment response assessment [35,45], while two others 
relied on clinical and radiological characteristics [38,40] (Table. 1). 
Moreover, regarding the employed outcome measures in the studies that 
assessed the applicability of DWI in predicting the prognosis of LC/HPC 
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patients, the OS was the most common utilized measure [36,37,45,46]. 
In addition, two studies assessed the RFS [36,45], while two evaluated 
the PFS [40,46], and 2 measured the LRC [36,39] (Table 1). 

3.2.4. DWI analysis approach 
a. Diagnostic studies: Among the diagnostic studies, four in

vestigations employed DWI to discern malignant larynx/hypopharynx 
lesions from benign counterparts [33,37,43,44]. While three studies 
compared ADC values of LC/HPC tissues with normal tissues on the 
contralateral side [33,42,47], two assessed DWI features of recurrent LC 
tissues against laryngeal radionecrosis following radiotherapy [41,47], 
and one differentiated LC tissues from laryngeal precancerous lesions 
[34]. Also, Abdel-Muttalib et al. (2021) aimed to assess the role of DWI 
in initial diagnosis of laryngeal and hypopharyngeal cancers and 
following treatment [48]. Moreover, five studies used a volume ROI 
selection criteria [34,41,43,44,47], while four utilized a single-section 
ROI selection criteria [33,37,42,48] (Table 3). 

b. Prognosis prediction studies: Three studies used a single-section ROI 
selection criteria [37,39,46], while the other three used a volume ROI 
selection criteria [36,40,45]. All six studies assessed the feasibility of 
using pre-treatment ADC (ADCpre) of the malignant tissue in predicting 
the prognosis in patients with LC/HPC [36,37,39,40,45,46]. Also, 
Tomita et al. (2022) assessed the suitability of laryngeal/hypophar
yngeal tumors’ ADC values during the treatment course (ADCintra) in 
predicting the prognosis of the patients [39]. 

c. Treatment response prediction studies: All the treatment response 
prediction studies employed volume criteria of the ROI selection 
[35,38,40,45]. Moreover, all four studies assessed the applicability of 
ADCpre identifying treatment responders from the non-responders 
[35,38,40,45]. Additionally, Guo et al. (2016) evaluated the ability of 
post-treatment ADC (ADCpost) values and ADC changes from the pre- 
treatment to the post-treatment (ΔADC) in predicting treatment 

response [35]. Furthermore, Meng et al. (2020) measured the applica
bility of laryngeal tumors’ ADCintra values in the treatment response 
prediction [38]. 

3.2.5. DWI findings 
a. Diagnostic studies: All diagnostic studies consistently revealed that 

LC/HPC tissues exhibit notably lower ADC values in comparison to non- 
malignant lesions (benign lesions, precancerous lesions, and radio
necrosis) and normal tissues [33,34,37,41–44,47], with P-values of 
<0.001. Also, the reported AUC values span a range from 0.83 [42] to a 
peak of 0.98 [44]. Furthermore, by utilizing a ADC cut-off of 
1.5 × 103 mm2/s, Abdul-Muttalib et al. (2021) successfully identified all 
laryngeal/hypopharyngeal tissues of untreated LC/HPC patients form 
patients who received treatments [48]. Comprehensive details regarding 
DWI acquisition and findings from the included diagnostic studies are 
provided in Table 2. 

b. Prognosis prediction studies: Zhang et al. (2018) conducted a 
retrospective study on 55 patients with HPC and successfully predicted 
their 2-year OS based on the tumors’ ADCpre values [37]. Based on their 
findings, patients with higher ADCpre values demonstrated a better 2- 
year overall OS (cut-off = 1.03 × 1033 mm2/s) [37]. Also, the study 
by Wong et al. (2019), conducted on a population of HPC patients 
receiving chemoradiotherapy, demonstrated that ADCpre values in the 
tumoral lesions are positively correlated with 3-year OS in patients [45]. 
However, based on their univariate analysis results, ADCpre values failed 
to predict the 3-year RFS in patients [45]. Another study on a population 
of HPC patients who underwent surgical treatment 
(±chemoradiotherapy) found lower ADCpre values of the hypophar
yngeal tumoral lesions as a robust predictor of worse OS and PFS in 
patients [46]. Consistently, another study by Zhang et al. (2023) 
significantly predicted the PFS in a combined population of LC and HPC 
patients by calculating their tumoral ADCpre values [40]. 

Fig. 1. The process of the study screening and selection, based on the PRISMA statement, version 2021.  
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Table 1 
Clinical characteristics of the reviewed records.  

First author (country) Design No. of Participants Sex Mean age [median] 
(range), y 

Diagnosis Carcinoma 
type 

Treatment Outcome measure T- 
stage ≥ 3 

N- 
stage ≥ 2 

M- 
stage = 1 

Gouhar (Egypt) [41] PC 21 16M/5F 59 (47–66) LC NA RT − NA NA NA 
Ravanelli (Italy) [33] RC 31 NA NA LC SCC ELR − 22 % NA NA 
Shang (China) [34] RC Malignant: 33 Malignant: 32M/ 

1F 
63 (49–80) LC SCC Surgery CRT − 0 % 9.1 % 0 % 

Precancerous: 17 Precancerous: 
NA 

Tshering 
(Switzerland) [42] 

PC 46 41M/5F 61 (41–83) LC, HPC NA RT, CRT − 32 % 21 % NA 

Desouky (Egypt)  
[43] 

PC 50 49M/1F 59 (30–98) LC SCC Surgery (±adjuvant CRT or RT), 
CRT, RT 

− NA NA NA 

Taha (Egypt) [44] PC Malignant: 32 Malignant: 30M/ 
2F 

53 (5–82) LC NA NA − 78 % 21 % NA 

Benign: 17 Benign: 9M/8F 
Guo (China) [35] RC 28 (18 RES/10 

NRES) 
28M/0F 54 (44–72) HPC SCC IC RECIST 100 % 100 % 0 % 

Eskiizmir (Turkey)  
[36] 

RC 38 33M/5F 64 (47–87) LC NA Surgery ± RT or CRT 2-year OS, LRC, 
and RFS 

100 % 34 % 10 % 

Zhang (China) [37] RC Malignant: 40 Malignant: 39M/ 
1F 

Malignant: 61 
(42–81) 

HPC SCC CRT, surgery + adjuvant or 
neoadjuvant CRT 

2-year OS 77 % 42 % 2 % 

Benign: 15 Benign: 13M/2F Benign: 56 (34–74) 
Wong (Taiwan) [45] PC 61 (39 RES/22 

NRES) 
59M/2F 51 (NA) HPC SCC, LEC CRT RECIST, 3-year OS, 

and RFS 
78 % 78 % 0 % 

Meng (China) [38] RC 58 56M/2F 57 (36–76) LC, HPC SCC CRT NA 81 % NA NA 
Abdel-Muttalib 

(Egypt) [48] 
CS 25 18M/7F 54 (35–79) LC, HPC SCC CT, RT, CRT − NA NA NA 

Huang (China) [46] PC 21 21M/0F 55 (NA) HPC SCC Surgery ± RT or CRT, RT, CRT OS, PFS 52 % 57 % 19 % 
Roushdy (Egypt)  

[47] 
PC 36 NA 62 (50–85) LC NA RT − NA NA NA 

Tomita (Japan) [39] RC 70 58M/12F 69 (NA) LC, HPC SCC RT, CRT LRC 60 % 44 % NA 
Zhang (China) [49] RC 45 (14 RES/31 

NRES) 
NA 58 (35–79) LC, HPC SCC NA 2-year PFS 71 % 64 % NA 

Abbreviations: CRT: chemoradiotherapy; CS: cross-sectional; CT: chemotherapy; ELR: endoscopic laser resection; F: female; HPC: hypopharyngeal carcinoma; IC: induction chemotherapy; LC: laryngeal carcinoma; LEC: 
lymphoepithelial carcinoma; LRC: locoregional control; M: male; NA: not available; NRES: non-responders to the treatment; OS: overall survival; PC: prospective cohort; PRF: progression-free survival; RC: retrospective 
cohort; RECIST: response evaluation criteria in solid tumors; RES: responders to the treatment; RFS: recurrence-free survival; RT: radiotherapy; SCC: squamous cell carcinoma; y: years. 
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Table 2 
MRI characteristics of the diagnostic reviewed records.  

Study MR acquisition Study diagnostic aim Lesion ADC 
(×103 mm2/s) 

Tissue ADC 
(×103 mm2/s) 

ADC cut-off 
(×103 mm2/s) 

P-value 

Gouhar [41] Device: 1.5 T Achieva 
(Philips) 

1. Recurrent LC vs. laryngeal radionecrosis 1.04 ± 0.34 1.79 ± 0.41 1.16 0.001 

TR/TE: 2000–2600/ 
64–70 ms 

(AUC: 
0.96) 

FOV: 20 × 20 cm2 

b-value: 0, 1000 s/mm2 

ROI selection criteria*: 
volume 

2. Recurrent LC vs. normal laryngeal tissue 1.04 ± 0.34 1.49 ± 0.09 NA <0.0001 

Ravanelli [33] Device: 1.5 T Avanto 
(Siemens) 

Recurrent LC vs. benign focal laryngeal 
lesions 

0.76 ± 0.06 1.29 ± 0.30 NA <0.001 

TR/TE: 2600/87 ms 
FOV: 25 × 25 cm2 

b-value: 0, 1000 s/mm2 

ROI selection criteria: single 
section 

Shang [34] Device: 3.0 T Achieva 
(Philips) 

LC vs. laryngeal precancerous lesion 
(moderate to severe dysplasia) 

1.19 ± 0.32 1.78 ± 0.32 1.45 <0.001 

TR/TE: 8000/60 ms (AUC: 
0.95) FOV: 240 × 240 cm2 

b-value: 0, 1000 s/mm2 

ROI selection criteria: 
volume 

Tshering [42] Device: 1.5 T Sonata 
(Siemens) 

Residual or recurrent LC/HPC vs. normal 
Laryngeal/hypopharyngeal tissue 

1.2 ± 0.49 1.82 ± 0.41 1.3 <0.0002 

TR/TE: 3500/69 ms (AUC: 
0.83) FOV: 29 × 29 cm2 

b-value: 0, 50, 100, 500, 
750, 1000 s/mm2 

ROI selection criteria: single 
section 

Desouky [43] Device: 1.5 T Achieva 
(Philips) 

Recurrent LC vs. benign laryngeal lesions 0.91 ± 0.18 1.47 ± 0.29 0.96 <0.0001 

TR/TE: 5000/102 ms (AUC: 
0.95) FOV: 24 × 24 cm2 

b-value: 0, 1000 s/mm2 

ROI selection criteria: 
volume 

Taha [44] Device: 1.5 T Achieva 
(Philips) 

LC vs. benign laryngeal lesions 0.8 1.5 1.1 <0.001 

TR/TE: 5100/137 ms (AUC: 
0.98) FOV: 20 × 20 cm2 

b-value: 0, 500, 1000 s/mm2 

ROI selection criteria: 
volume 

Zhang [37] Device: 3.0 T Achieva 
(Philips) 

HPC vs. benign hypopharyngeal lesions 1.03 ± 0.03 1.53 ± 0.10 1.07 <0.001 

TR/TE: 8000/60 ms (AUC: 
0.92) FOV: 24 × 24 cm2 

b-value: 0, 1000 s/mm2 

ROI selection criteria: single 
section 

Abdel- 
Muttalib  
[48] 

Device: 1.5 T Optima (GE) Pretreatment LC/HPC vs. Post-treatment LC/ 
HPC (non-malignant) 

NA NA 1.5 NA 
TR/TE: NA 
FOV: NA 
b-value: 0, 500, 1000 s/mm2 

ROI selection criteria: single 
section 

Roushdy [47] Device: 1.5 T Achieva 
(Philips) 

1. Recurrent LC vs. laryngeal radionecrosis 0.93 ± 0.30 1.63 ± 0.21 1.2 <0.0001 

TR/TE: 4000–4280/ 
94–110 ms 

(AUC: 
0.97) 

FOV: 23 × 28 cm2 

b-value: 0, 1000 s/mm2 

ROI selection criteria: 
volume 

2. Recurrent LC vs. normal laryngeal tissue 0.93 ± 0.30 1.26 ± 0.13 NA <0.001 

Abbreviations: ADC: apparent diffusion coefficient; AUC: area under the ROC curve; FOV: field of view; HPC: hypopharyngeal carcinoma; LC: laryngeal carcinoma; 
NA: not available; NPC: nasopharyngeal carcinoma; OPC: oropharyngeal carcinoma; ROI: region of interest; TE: time echo; TR: time repetition. 

* Single section: the ROI was selected at the largest cross-sectional area of the cancerous lesion and ADC of the tumor was reported from that selected section; 
Volume: the lesion’s ADC was obtained by calculating the mean of ADC values from all sections involving tumor. 
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On the other hand, Eskiizmir et al. (2018) failed to predict the 2-year 
prognosis (neither OS, RFS, nor LRC) in a group of patients with 
advanced LC who underwent surgical treatment [36]. Consistently, 
Tomita et al. (2022) failed to predict the prognosis (measured by LRC) in 
patients with LC/HPC by calculating ADCpre (AUC: 0.63) and ADCintra 
(AUC: 0.60) values in hypopharyngeal/laryngeal tumors [39]. 

c. Treatment response prediction studies: Guo et al. (2015) conducted a 
prospective study on HPC patients undergoing three weeks of induction 
chemotherapy and evaluated ADCpre, ADCpost, and ΔADC [35]. The 
treatment response was assessed three weeks after the end of the 
treatment based on RECIST, and patients were classified as responders 
(complete and partial response) and non-responders (non-responders, 
stable disease, and progressive disease) [35]. Based on their findings, 
responders had lower ADCpre and higher ADCpost and ΔADC values, 
compared to the non-responders [35]. Also, the Receiver Operating 
Characteristics (ROC) curve analysis was able to significantly predict the 
treatment response in HPC patients by analyzing their ADCpre, ADCpost, 
and ΔADC values with AUCs reaching 0.77, 0.77, and 0.75, respectively 
[35]. Similarly, the retrospective study by Zhang et al. (2023) demon
strated that LC/HPC patients with higher ADCpre values in their tumoral 
tissues show significantly better responses to chemoradiotherapy [40]. 
Also, ROC analysis revealed an AUC of 0.77 in differentiating responders 
from non-responders, based on their tumoral ADCpre values [40] 
(Table 3). 

Conversely, Wong et al. (2019) found ADCpre values ineffective in 
predicting HPC treatment response within 24 months after the chemo
radiotherapy [45]. Moreover, Meng et al. (2020) performed a retro
spective study on a cohort of patients with LC and did not find a 
significant difference between the ADCpre and ADCintra of the responders 
and non-responders to chemoradiotherapy [38]. However, the entire 
cohort demonstrated a significant increase in their laryngeal tissue ADC 
values after the chemoradiotherapy [38] (Table 3). 

3.3. Quality assessment 

a and c. Diagnostic and treatment response predictive studies: Risk of bias 
in a total of thirteen studies, encompassing nine diagnostics 
[33,34,37,41–44,47,48] and four treatment response predicting studies 
[35,38,40,45], were assessed based on the QUADAS-2 checklist [29]. 
Our evaluation revealed that six studies demonstrated a “low risk of 
bias” [33–35,37,42,44], while the remaining seven deemed at “at risk of 
bias” [38,40,41,43,45,47,48]. The main bias concerns were associated 
with the reference standard domain of QUADAS-2, with three studies 
showing high bias [40,41,48] and two studies exhibiting unclear bias 
[38,47]. Also, four studies raised high/unclear concerns in the flow and 
timing domain [38,40,45,48], while three studies showed high/unclear 
concerns regarding the patient selection domain [41,43,48]. Notably, all 
studies satisfied the index test domain of QUADAS-2. Furthermore, 
except for the study by Abdul-Muttalib et al. (2021) [48], across all three 
domains of patient selection, index test, and reference standard, none of 
the twelve studies raised significant concerns regarding applicability, 
indicating an overall low level of applicability concerns for all of them. 
Fig. 2 illustrates the results of the risk of bias assessment, and Table 4 
comprehensive bias assessment information for the diagnostic and 
treatment response predictive studies. 

b. Prognosis prediction studies: Quality assessment of six prognostic 
studies were performed based on the QUIPS statement [30], which three 
of them were deemed to have an overall “low risk of bias” [37,40,46], 
while three other studies were identified as being “at risk of bias” 
[36,39,45]. All six prognostic studies met the QUIPS criteria for outcome 
measurement and statistical analysis/reporting [36,37,39,40,45,46]. 
However, Wong et al.’s study (2019) displayed a medium risk of bias in 
the domains of participant selection, study attrition, prognostic factor 
measurement, and study confounding [45]. Furthermore, Eskiizmir 
et al. (2018) and Tomita et al. (2022) showed moderate risk of bias in 
confounding and prognostic factor measurement domains, respectively 

[36,39]. Fig. 3 summarizes the bias assessment results, and Table 4 
contains comprehensive bias assessment information for the prognostic 
studies. 

3.4. Meta-analysis 

Among the diagnostic studies, seven provided Mean ± SD ADC 
values from cancerous and non-cancerous (e.g., benign focal lesion, 
radionecrosis, precancerous lesions, and normal tissues) of the larynx/ 
hopopharynx and their data was pooled [33,34,37,41–43,47]. The study 
by Taha et al. (2015) was excluded from the meta-analysis since it solely 
reported median ± interquartile ADC values rather than Mean ± SD 
[44]. 

The pooled meta-analysis of seven studies is presented in Fig. 4. Our 
analysis identified a high heterogeneity across the studies (p- 
value = 0.02, I2 = 58 %), therefore the random-effect model became the 
first choice. Based on our analysis, cancerous laryngeal/hypopharyngeal 
lesions had significantly lower ADC values compared to non-cancerous 
lesions with an SMD of − 1.79 [− 2.25, − 1.33]. Furthermore, our com
bined logistic regression analysis yielded an ADC of 1.2 × 103 mm2/s as 
the optimal diagnostic cut-off value. Fig. 5. represents the funnel plot for 
testing the heterogeneity across the studies. 

Considering the high heterogeneity across the studies, we performed 
two methods of sensitivity analysis. Firstly, we replicated the analyses 
using a fixed-effect model, yielding an SMD of − 1.71 [− 2.00, − 1.42]. 
Subsequently, we systematically excluded each study and re-performed 
the analyses using a random-effect model. Our investigations revealed 
that a significant portion of the heterogeneity emanated from the study 
conducted by Zhang et al. (2018) [37]. Following the exclusion of this 
study, our analysis showed a notable reduction in heterogeneity, with I2 

decreasing to 14 % and the SMD becoming − 1.94 [− 2.27, − 1.61]. While 
the removal of each of the remaining six studies resulted in I2 values 
ranging from 52 % to 65 %, our sensitivity analysis consistently 
demonstrated no significant effect for any individual study. In conclu
sion, despite the initial high heterogeneity observed across the reviewed 
studies, our sensitivity analyses indicated that this did not significantly 
impact the overall findings of our meta-analysis. 

Moreover, our examination of potential publication bias revealed p- 
values of 0.60 and 0.54 from Egger’s and Begg’s tests, respectively. 
These results indicate the absence of significant bias across the studies 
included in our analysis. 

4. Discussion 

4.1. Key findings 

Our research indicates that LC/HPC tissues exhibit significantly 
lower ADC values compared to benign laryngeal/hypopharyngeal tis
sues, enabling the differentiation of primary or recurrent LC/HPC from 
normal tissues, benign lesions, and post-radiotherapy sequels. Also, our 
combined logistic regression analyses reached an ADC value of 
1.2 × 103 mm2/s to be the optimal cut-off in diagnosing LC/HPC lesions 
from non-cancerous lesions. Nevertheless, conflicting data emerged 
regarding the utility of DWI in predicting prognosis and treatment 
outcomes for LC/HPC patients. While significant prognostic potential 
was linked to ADCpre values of laryngeal/hypopharyngeal tissues in 
most cases, two studies were unsuccessful in prognosis prediction. In 
addition, two studies effectively predicted treatment responses by 
analyzing the larynx/hypopharynx ADCpre values, while another two 
studies did not. These findings underscore the value of DWI in dis
tinguishing LC/HPC from other pathologies, yet additional research is 
essential to establish its precise predictive capacities for prognosis and 
treatment response. 
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Table 3 
MRI characteristics of the predictive reviewed records.  

Study MR acquisition Study 
predictive 
aim 

ADCpre 

(×103 mm2/s) 
ADCintra 

(×103 mm2/s) 
ADCpost 

(×103 mm2/s) 
ΔADC 
(×103 mm2/s) 

ADC cut-off 
(×103 mm2/s) 

Predictive value 

Guo, 2016  
[35] 

Device: 3.0 T Discovery 
(GE) 

Treatment 
response 

RES: 
0.83 ± 0.05 

− RES: 
1.33 ± 0.12 

RES: 
0.43 ± 0.57 

NA ADCpre: 

TR/TE: 2500/79 ms p: 0.018 
FOV: 23 × 23 cm2 (AUC: 0.77) 
b-value: 0, 10, 20, 30, 50, 
70, 100, 150, 200, 400, 
800, 1000 s/mm2 

NRES: 
0.91 ± 0.07 

NRES: 
1.08 ± 0.03 

NRES: 
0.23 ± 0.21 

ΔADC: 

ROI selection criteria*: 
volume 

p: 0.024 
(AUC: 0.77) 

Whole: 
0.88 ± 0.03 

Whole: 
1.23 ± 0.08 

− ADCpost: 
p: 0.028 
(AUC: 0.75) 

Eskiizmir, 
2018 [36] 

Device: 1.5 T Signa (GE) Prognosis 0.61 ± 0.42 − − − 0.6 p: 0.927 (OS), p: 
0.902 (LRC), p: 
0.902 (RFS) 

TR/TE: 2000/75 ms 
FOV: 23 × 23 cm2 

b-value: 0, 800 s/mm2 

ROI selection criteria: 
volume 

Zhang, 2018  
[37] 

Device: 3.0 T Achieva 
(Philips) 

Prognosis 1.03 ± 0.03  − − 1.03 p: 0.024 

TR/TE: 8000/60 ms 
FOV: 24 × 24 cm2 

b-value: 0, 1000 s/mm2 

ROI selection criteria: 
single section 

Wong, 2019  
[45] 

Device: 3.0 T Magnetom 
(Siemens) 

1. Treatment 
response 

NA − − − 0.91 p: 0.64 

TR/TE: 8200/84 ms 
FOV: 23 × 23 cm2 

b-value: 0, 800 s/mm2 

ROI selection criteria: 
volume 

2. Prognosis NA p: 0.01 (OS), 
p > 0.05 (RFS) 

Meng, 2020  
[38] 

Device: 1.5 T (NA) Treatment 
response 

1.35 ± 0.30 (b: 
300) 

1.94 ± 0.31 (b: 
300) 

− − NA p > 0.05 
TR/TE: 4800/68.4 ms 
FOV: 24 × 24 cm2 

b-value: 0, 300, 500 s/ 
mm2 

ROI selection criteria: 
volume 

1.20 ± 0.22 (b: 
500) 

1.71 ± 0.30 (b: 
500)   

NA p > 0.05 

Huang, 2022 
[46] 

Device: 3.0 T Signa (GE) Prognosis 1.20 ± 0.32 − − − 1.26 p: 0.02 (OS), p: 
0.05 (RFS) TR/TE: 2528/71 ms 

FOV: 22 × 22 cm2 

b-value: 0, 800 s/mm2 

ROI selection criteria: 
single section 

Tomita, 
2022 [39] 

Device: 1.5 T Achieva 
(Philips) // 3.0 T Ingenia 
(Philips) 

Prognosis − − − − ADCpre: 0.45 ADCpre: 

TR/TE: 5900–8200/ 
66–101// 8000–9800/ 
69–73 ms 

ADCintra: 0.47 p:0.687 

FOV: 30 × 30 // 
25 × 25 cm2 

(AUC: 0.63) 

b-value: 0, 1000 s/mm2 ADCintra: 
ROI selection criteria: 
single section 

p: 0.499 
(AUC: 0.60) 

Zhang, 2023  
[49] 

Device: 3.0 T Discovery 
(GE) 

1. Treatment 
response 

RES: 
1.31 ± 0.26 

− − − 1.15 p: 0.004 

TR/TE: 290/79 ms (AUC: 0.77) 
FOV: 26 × 26 cm2 

b-value: 0, 10, 20, 30, 50, 
70, 100, 150, 200, 400, 
800, 1000 s/mm2 

NRES: 
1.00 ± 0.33 

ROI selection criteria: 
volume 

2. Prognosis (p: 0.005) 
Whole: 
1.09 ± 0.33 

− − − 1.15 p: 0.001 

Abbreviations: ADCintra: intra-treatment apparent diffusion coefficient, ADCpost: posttreatment apparent diffusion coefficient; ADCpre: pretreatment apparent 
diffusion coefficient; AUC: area under the ROC curve; FOV: field of view; LRC: locoregional control; NRES: non-responders to the treatment; OS: overall survival; p: p- 
value; RES: responders to the treatment; RFS: recurrence-free survival; ROI: region of interest; TE: time echo; TR: time repetition; ΔADC: posttreatment ADC – 
pretreatment ADC. 

* Single section: The ROI was selected at the largest cross-sectional area of the cancerous lesion and the ADC of the tumor was reported from that selected section; 
Volume: The lesion’s ADC was obtained by calculating the mean of ADC values from all sections involving the tumor. 
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4.2. The clinical utility of DWI in the diagnosis of LC/HPC 

Our study findings regarding reduced ADC values in LC/HPC tissues 
compared to benign lesions align with prior research indicating lower 

ADC values in malignant head and neck lesions compared to their 
benign counterparts [18,53]. This has important implications, particu
larly in differentiating LC/HPC from non-malignant larynx/hypophar
yngeal tissues, including the challenging distinction between recurrent 

Fig. 2. The proportion of the diagnostic and treatment response predictive studies with (a) low, high, or unclear risk of bias and (b) low, high, or unclear concerns 
regarding applicability, based on QUADAS-2. 

Table 4 
Presentation of quality assessment of the (a) diagnostic and treatment response predicting studies, based on the QUADAS-2 statement, and (b) prognostic studies, based 
on the QUIPS statement.  

a. QUADAS-2 

Study Risk of Bias Applicability 

Patient 
Selection 

Index 
Test 

Reference 
Standard 

Flow and 
Timing 

Overall Patient 
Selection 

Index 
Test 

Reference 
Standard 

Overall 

Gouhar (2011)  
[41] 

↑ ↓ ↑ ↓ At risk of 
bias 

↓ ↓ ↓ Low concerns regarding 
applicability 

Ravanelli (2013) 
[33] 

↓ ↓ ↓ ↓ Low risk of 
bias 

↓ ↓ ↓ Low concerns regarding 
applicability 

Shang (2013)  
[34] 

↓ ↓ ↓ ↓ Low risk of 
bias 

↓ ↓ ↓ Low concerns regarding 
applicability 

Tshering (2013)  
[42] 

↓ ↓ ↓ ↓ Low risk of 
bias 

↓ ↓ ↓ Low concerns regarding 
applicability 

Desouky (2015)  
[43] 

? ↓ ↓ ↓ At risk of 
bias 

↓ ↓ ↓ Low concerns regarding 
applicability 

Taha (2015)  
[44] 

↓ ↓ ↓ ↓ Low risk of 
bias 

↓ ↓ ↓ Low concerns regarding 
applicability 

Guo (2016) [35] ↓ ↓ ↓ ↓ Low risk of 
bias 

↓ ↓ ↓ Low concerns regarding 
applicability 

Zhang (2018)  
[37] 

↓ ↓ ↓ ↓ Low risk of 
bias 

↓ ↓ ↓ Low concerns regarding 
applicability 

Wong (2019)  
[45] 

↓ ↓ ↓ ↑ At risk of 
bias 

↓ ↓ ↓ Low concerns regarding 
applicability 

Meng (2020)  
[38] 

↓ ↓ ? ? At risk of 
bias 

↓ ↓ ↓ Low concerns regarding 
applicability 

Abdel-Muttalib  
[48] 

↑ ? ↑ ? At risk of 
bias 

↑ ↓ ↑ Concerns regarding 
applicability 

Roushdy (2022)  
[47] 

↓ ↓ ? ↓ At risk of 
bias 

↓ ↓ ↓ Low concerns regarding 
applicability 

Zhang (2023)  
[49] 

↓ ↓ ↑ ? At risk of 
bias 

↓ ↓ ↓ Low concerns regarding 
applicability 

↓: low risk of bias, ↑: high risk of bias,?: unclear risk of bias  

b. QUIPS 

Study Bias Domains 

Study 
Participants 

Study 
Attrition 

Prognostic Factor 
Measurement 

Outcome 
Measurement 

Study 
Confounding 

Statistical Analysis and 
Reporting 

Overall 

Eskiizmir (2018)  
[36] 

↓ ↓ ↓ ↓ ↔ ↓ At risk of bias 

Zhang (2018)  
[37] 

↓ ↓ ↓ ↓ ↓ ↓ Low risk of 
bias 

Wong (2019) [45] ↔ ↔ ↔ ↓ ↔ ↓ At risk of bias 
Huang (2022)  

[46] 
↓ ↓ ↓ ↓ ↓ ↓ Low risk of 

bias 
Tomita (2022)  

[39] 
↓ ↓ ↔ ↓ ↓ ↓ At risk of bias 

Zhang (2023)  
[49] 

↓ ↓ ↓ ↓ ↓ ↓ Low risk of 
bias 

↓: low risk of bias, ↔: moderate risk of bias, ↑: high risk of bias  
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LC/HPC and post radiation changes (radionecrosis) [54]. ADC reflects 
the extent of water diffusion within tissues, with decreased values 
indicating restricted water diffusion [55]. This phenomenon is typically 
seen in malignancies with increased tissue cellularity [56,57]. However, 
tissue cellularity is not the sole factor that affects diffusion. In the case of 

vascular tumors, ADC values increase because of tissue perfusion and 
intravascular water. To address this concern, ADC values that are 
insensitive to perfusion can be utilized. 

Evaluating water diffusion magnitude in the laryngeal/hypophar
yngeal tissues of suspected patients can enhance diagnosis and guide 

Fig. 3. The proportion of the prognostic studies with low, medium, or high risk of bias based on QUIPS.  

Fig. 4. Forest plot of ADC values between cancerous and non-cancerous groups (Random-Effects Model, SMD).  

Fig. 5. Funnel plot of ADC values between cancerous and non-cancerous groups.  
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subsequent diagnostic and therapeutic strategies. Notably, Schleder 
et al. (2022) found that incorporating the DWI sequence improved the 
diagnostic accuracy of conventional MRI for malignant laryngeal lesions 
[58]. This underscores the potential of DWI not only in distinguishing 
LC/HPC from benign lesions but also in augmenting diagnostic precision 
when combined with other imaging techniques. 

4.3. The clinical utility of DWI in the prognosis prediction in LC/HPC 

Regarding the applicability of DWI in predicting the prognosis in 
patients with LC/HPC we have come across contrasting findings. While 
most reviewed studies in this field successfully predicted the post- 
treatment prognosis of the LC/HPC patients [37,40,45,46], two 
studies did not demonstrate this ability [36,39]. This disparity could be 
attributed to variations in the utilized outcome measures across the 
studies. By reviewing the prognostic studies, it becomes evident that 
most studies successfully predicted OS [37,45,46], whereas the majority 
struggled to predict other prognostic indicators such as LRC and RFS 
[36,39,45]. This suggests that DWI might hold greater potential for 
predicting OS compared to tumor pathologic features like LRC and RFS. 
However, a substantial body of research highlights the significant pre
dictive value of ADCpre values in malignant head and neck lesions for 
LRC, RFS, and PFS in head and neck cancer patients [20,59]. A more 
plausible explanation for the discrepancy in prognostic study outcomes 
could be attributed to the varying ADCpre cut-off values employed 
among them. Upon scrutinizing their findings, it becomes evident that 
both studies that faltered in prognosticating patient outcomes utilized 
notably low ADCpre cut-off values (0.45 and 0.6 × 103 mm2/s) [36,39]. 
In contrast, 3 of the studies that successfully predicted patient prognosis 
reported cut-off values ranging from 1.03 to 1.26 × 103 mm2/s 
[37,40,46]. A survey of previous research in the realm of DWI’s diag
nostic efficacy in head and neck cancers reveals a prevalent optimization 
of diagnostic cut-off values within the range of 0.79–1.15 × 103 mm2/s 
for prognostication [60–62]. This suggests that the employed ADCpre 
cut-off values in the 2 reviewed studies that failed to prognosticate 
outcomes in LC/HPC patients were disproportionately low [36,39]. 
Consequently, it is likely that significant noise or calculation discrep
ancies exist in those specific studies. However, it is imperative to 
recognize that the lack of significance in these isolated cases should not 
undermine or cast doubt upon the findings of the other 4 studies that 
successfully predicted patient prognoses [37,40,45,46]. 

4.4. The clinical utility of DWI in the treatment response prediction in LC/ 
HPC 

Moreover, two of the reviewed studies successfully predicted the 
treatment response in patients with LC/HPC by assessing ADCpre values 
in laryngeal/hypopharyngeal tissues Guo et al. (2016) also achieved 
predictive success by analyzing ADCpost and ΔADC values of these tis
sues [35]. Conversely, two other studies did not manage to predict 
treatment response, possibly due to variations in DWI acquisition and 
analysis methodologies. [38,45]. Notably, the successful studies utilized 
a common DWI approach involving multiple b-values (ranging from 0 to 
1000 s/mm2) [35,40], while Wong et al. (2019) and Meng et al. (2020) 
employed simpler methods with lower b-values (300 and 800 s/mm2) 
[38,45]. In DWI, the b-value determines diffusion weighting and en
codes tissue properties into DWI signals [63]. The extent of signal 
decrease varies with b-values. Lower b-values (e.g., b-value < 200 s/ 
mm2) exhibit rapid signal decay due to fast water movement in capil
laries, causing significant signal loss in addition to diffusion-related 
attenuation [63]. This sensitivity to tissue vascularity is observed in 
the low b-value range [63]. As the b-value increases, signal loss from 
capillaries diminishes, making diffusion the primary contributor to 
signal attenuation. Within intermediate b-values (e.g., 500–1500 s/ 
mm2), signal attenuation reflects the cellular size and correlates strongly 
with cellularity, making this range optimal for malignancy detection in 

solid tissues like the larynx/hypopharynx [63]. Therefore, higher b- 
values enhance the ability to detect cellular characteristics in LC/HPC 
tissues and predict treatment response. Future research employing 
multiple b-values is essential to precisely determine DWI’s predictive 
capacity in LC/HPC patients. 

Furthermore, an additional potential influential factor contributing 
to a diminution in the accuracy of DWI in predicting treatment responses 
and prognoses in patients may arise from the heterogeneity inherent in 
the ROI selection method. Existing research has posited the superior 
efficacy of the whole-tumor (volume) ROI selection method compared to 
the single-section method [64,65]. Notably, two of the reviewed studies 
that failed to yield significant predictions for treatment response [45] 
and prognosis [39] employed the single-section method. Cumulatively, 
these findings underscore the imperative for further investigations that 
prioritize utilizing the volume ROI selection method to elucidate the 
precise prediction implications of DWI features in patients with LC/HPC. 

4.5. Exploration of DWI metrics beyond ADC in the diagnosis and 
prognosis prediction of LC/HPC 

In this study, we reviewed the applicability of the mono-exponential 
mode of DWI in diagnosis, and prediction of prognosis and treatment 
response of LC/HPC patients, by measuring the ADC values in their 
larynx/hypopharynx tissues. Nevertheless, recent investigations have 
explored the relevance of Intra-voxel Incoherent Motion (IVIM), derived 
from the bi-exponential DWI model, within this context [66]. By uti
lizing the mono-exponential model, ADC values represent the extent of 
water diffusion within tissues, which in turn provides insights into 
microstructural characteristics [67]. However, ADC fails to differentiate 
between molecular diffusion and blood perfusion within tissues, thus 
reflecting incomplete tissue attributes [67]. In contrast, IVIM, computed 
from the bi-exponential model encompassing multiple b-values, theo
retically untangles perfusion components from genuine water diffusion, 
allowing for the measurement of three parameters: true diffusion coef
ficient (D), pseudo-diffusion coefficient (D*), and perfusion fraction (f) 
[67]. Therefore, IVIM can provide more parameters related to the 
microstructure of the studied tissues. 

A systematic review by Noij et al. (2017) in this context demon
strated that IVIM-derived metrics significantly aid in diagnosing and 
predicting treatment responses in head and neck cancer patients [68]. In 
addition, two of the included articles measured IVIM features in LC/HPC 
patients and successfully predicted treatment outcomes in them [35,40]. 
Zhang et al. (2023) and Guo et al. (2016) found that higher pretreatment 
and post-treatment D* values in the laryngeal/hypopharyngeal tissues 
are associated with worse outcomes in LC/HPC patients, respectively 
[35,40]. Also, another study by Guo et al. (2021) demonstrated that 
patients with locally advanced HPC who responded to the prescribed 
treatments had higher pretreatment D* values in their hypopharyngeal 
tissues [69]. These findings suggest that, akin to ADC, IVIM-derived 
parameters substantially contribute to diagnosing and predicting treat
ment responses in LC/HPC patients. However, further research is 
imperative to fully unveil the capabilities of each modality and their 
respective advantages. 

5. Limitations 

Our review has certain limitations. Firstly, a limited number of 
studies were eligible to be included in this study. Specifically, only nine 
studies investigated the diagnostic utility of DWI for LC/HPC, with only 
seven providing ADC values that were suitable for inclusion in our meta- 
analysis. While our meta-analysis revealed significantly lower ADC 
values in malignant lesions, underscoring its potential diagnostic utility 
in clinical practice, further research is warranted to ascertain its reli
ability and true incremental value over conventional MRI. Additionally, 
our logistic regression analysis identified a preliminary diagnostic cut- 
off of 1.2 × 103 mm2/s for distinguishing LC/HPC from non-malignant 
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tissues. However, due to the limited number of studies included in this 
analysis and the wide range of reported optimal diagnostic ADC cut-offs 
across the reviewed studies (ranging from 0.96 × 103 mm2/s to 
1.50 × 103 mm2/s), this derived cut-off should be interpreted with 
caution, emphasizing the need for future research to establish the 
optimal threshold. 

Moreover, the number of studies exploring the utility of DWI in 
predicting treatment response and prognosis was limited, with incon
sistent results. While DWI demonstrates promising diagnostic capabil
ities for LC/HPC, its role in predicting treatment response and prognosis 
remains uncertain, necessitating further investigation. Considering that 
different TNM stages can lead to significantly varied prognoses and re
sponses to treatments, it is imperative to account for the TNM stage of 
patients rather than relying solely on their DWI characteristics. It is 
evident that in patients with higher TNM stages, lower ADC values may 
not indicate comparable prognostic outcomes as in patients with lower 
TNM stages. While all studies examining the utility of DWI in predicting 
prognosis or treatment response in LC/HPC provided data on TNM stage 
(tumor extent, lymph node involvement, and distant metastasis), it is 
noteworthy that except one study [35], all other studies were conducted 
on a population of patients at different cancer stages. Hence, the 
inconsistency in findings regarding treatment response and prognosis 
prediction could potentially stem from this disparity in study pop
ulations. Therefore, the field of assessing prognosis and treatment 
response prediction in LC/HPC patients using DWI remains open, sug
gesting the need to evaluate their utility for different stages separately to 
ascertain their precise abilities. 

Another potential limitation worth mentioning is that in our study, 
due to the limited number of available studies, we pooled data con
cerning both LC and HPC. Although they share notably similar imaging 
characteristics, their clinical course can be different [70,71]. Conse
quently, further research is warranted to delineate the precise clinical 
and imaging characteristics of each entity and assess the utility of DWI 
for the diagnosis and prognostication of LC and HPC individually. 

Furthermore, most included studies focused on relatively small pa
tient cohorts (all below 70), potentially limiting the generalizability of 
their findings. Lastly, variations in DWI acquisition and analysis 
methods among studies pose challenges in drawing definitive conclu
sions. Therefore, future studies employing consistent DWI analysis 
methods, larger sample sizes, and prospective designs are essential for 
accurately evaluating the diagnostic potential, prognostic value, and 
treatment response prediction using DWI in LC/HPC patients. 

6. Conclusion 

This review suggested that DWI can significantly assist in dis
tinguishing LC/HPC from other benign laryngeal/hypopharyngeal le
sions, as malignant lesions tend to exhibit lower ADC values. Through its 
objective assessment of early microstructural alterations within tissues, 
DWI appears to enhance the diagnostic capacity of conventional MRI for 
LC/HPC. Nevertheless, our findings regarding the utility of DWI in 
predicting the prognosis and treatment response of LC/HPC patients 
remain limited and subject to debate. Therefore, it is imperative to 
conduct further studies with larger sample sizes and more homogenous 
DWI analytic techniques to establish the applicability of DWI-derived 
metrics in the prediction of prognosis and treatment response of LC/ 
HPC patients. 
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