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Abstract

OBJECTIVE.—The purpose of this study was to perform a systematic review and meta-analysis 

regarding CT features of non–small cell lung cancer (NSCLC) with anaplastic lymphoma kinase 

(ALK) rearrangement.

MATERIALS AND METHODS.—The PubMed and Embase databases were searched up to 

February 20, 2019. Studies that evaluated CT features of NSCLC with and without ALK 

rearrangement was included. Methodologic quality was assessed using Quality Assessment of 

Diagnostic Accuracy Studies–2. The association between CT features and ALK rearrangement 

was pooled in the form of the odds ratio (OR) or the mean difference (MD) using the random-

effects model. Heterogeneity was examined using the inconsistency index (I2). Publication bias 

was examined using funnel plots and Egger tests.

RESULTS.—Sixteen studies were included, consisting of 3113 patients with NSCLC. The overall 

prevalence of patients with ALK rearrangement was 17% (528/3113). Compared with NSCLC 

without ALK rearrangement, on CT images those with ALK rearrangement were more frequently 

solid (OR = 2.86), central in location (OR = 2.72), and 3 cm or smaller (OR = 0.57); had lower 

contrast-enhanced CT attenuation (MD = −4.79 HU); more frequently had N2 or N3 disease (OR 

= 5.63), lymphangitic carcinomatosis (OR = 3.46), pleural effusion (OR = 1.91), or pleural 

metastasis (OR = 1.81); and less frequently had lung metastasis (OR = 0.66). Heterogeneity varied 

among CT features (I2 = 0–80%). No significant publication bias was seen (p = 0.15).
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CONCLUSION.—NSCLC with ALK rearrangement had several distinctive CT features 

compared with that without ALK rearrangement. These CT biomarkers may help identify patients 

likely to have ALK rearrangement.
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Lung cancer is the leading cause of cancer-related deaths in the United States [1]. The 

discovery of several genetic alterations related with non–small cell lung cancer (NSCLC) 

has catalyzed development of new drugs targeting these signaling pathways. In 2007, a novel 

genetic alteration, anaplastic lymphoma kinase (ALK) rearrangement, was identified [2]. 

Although the frequency of patients with ALK rearrangement is relatively low, with reported 

values between 2% and 7% in patients with NSCLC, response to treatment with selective 

inhibitors of ALK tyrosine kinase such as crizotinib, alectinib, brigatinib, ceritinib, and 

lorlatinib has been shown, emphasizing the importance of recognizing these patients [3–7].

The most recent National Comprehensive Cancer Network guidelines recommend testing for 

genetic alterations in patients with advanced NSCLC before initial treatment, but a recent 

survey revealed that only 82% of physicians perform such testing [8, 9]. When tissue 

samples are available, specimen yield may not be sufficient to perform molecular testing if 

samples are obtained with minimally invasive techniques. In addition, because of the intra- 

and intertumoral heterogeneity of lung cancer, genetic mutation status may be inaccurate or 

underestimated when based on a single biopsy sample from either primary tumor or 

metastases [10]. Furthermore, although molecular retesting is recommended when disease 

progression is suspected to look for evidence of tumor genomic evolution, multiple or 

repeated biopsies may not be feasible in clinical practice because of logistical and financial 

hurdles [11].

CT is an established imaging modality routinely used for initial diagnostic staging and 

monitoring treatment response. Evidence is emerging that imaging features correlate with 

the genomic landscape of tumors, namely, radiogenomics [12]. If CT correlates of genetic 

aberrations such as ALK rearrangement can be found, radiologists may be able to suggest 

molecular testing in certain clinical situations. Although a few studies have assessed imaging 

characteristics of NSCLC with ALK rearrangements, definitive conclusions could not be 

drawn for several reasons: small number of patients; limited number of evaluated CT 

findings that varied among the studies; and on occasion, conflicting results between studies 

[13–17]. Therefore, the purpose of this study was to systematically review the literature and 

perform a meta-analysis regarding the CT findings of NSCLC with ALK rearrangement.

Materials and Methods

This meta-analysis was carried out in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses guidelines [18]. We formulated a research question 

that was based on modification of the patient, index test, comparator, outcome, and study 

design criteria as follows: What are the CT features associated with NSCLC with ALK 

rearrangement compared with that without ALK rearrangement in original research articles?
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Literature Search

We conducted a systematic search in the PubMed and Embase databases up to December 23, 

2018, and continued updating the literature search until February 20, 2019. Keywords and 

their synonyms or relevant terms were included in the following search query as the 

following: (“computed tomography” OR CT OR HRCT OR imaging OR clinicoradiologic* 

OR radiologic*) AND (feature OR finding OR character* OR biomarker) AND (“lung 

cancer” OR “lung carcinoma” OR “lung adenocarcinoma”) AND (“anaplastic lymphoma 

kinase” OR ALK). The bibliographies of included studies were screened to find other 

eligible studies. We did not limit the search to articles written in any particular language.

Inclusion Criteria

Qualified studies were included if they satisfied the following patient, index test, 

comparator, outcome, and study criteria: patients diagnosed with NSCLC; ALK status was 

determined by fluorescence in situ hybridization (FISH), immunohistochemistry (IHC), 

polymerase chain reaction (PCR), or some combination of those techniques; CT was used 

for characterization of primary tumor and tumor burden; the study evaluated association 

between ALK rearrangement and CT features or provided the corresponding raw data for 

constructing a 2 × 2 contingency table for categoric variables or mean and SD for continuous 

variables; and the publication was an original research article.

Exclusion Criteria

Studies were excluded if the study population included fewer than 10 patients; the 

publication was not an original research article; CT was used for evaluation of NSCLC but 

focused on topics other than association with ALK rearrangement status; imaging modalities 

other than CT were used; patient populations overlapped between different studies; or that 

were insufficient data for reconstruction of 2 × 2 tables or means and SDs (i.e., studies that 

only included patients with ALK rearrangement). If multiple publications with considerable 

overlapping study populations between different studies were identified, we only included 

the study providing a greater number of relevant data categories with regard to association 

between ALK rearrangement status and CT features.

Two reviewers independently conducted the literature search and study selection. If the 

reviewers disagreed, consensus was reached after discussion with a third reviewer.

Data Extraction and Quality Assessment

The following data regarding patient, study, and CT characteristics and imaging features 

were extracted using a standardized form for patient, study, and CT characteristics as well as 

CT features. Patient characteristics included duration of patient recruitment, number and age 

of patients, characteristics of patients without ALK mutation (i.e., mutation status of other 

genetic alterations such as EGFR or K-ras), histologic type of NSCLC, tumor stage, and 

detection and sampling method for ALK rearrangement status. Study characteristics 

consisted of origin of study (authors, institution, and country), publication year, study design 

(prospective vs retrospective, whether enrollment was consecutive, and multicenter or single 

center), and number and experience of CT readers. CT characteristics were detector number, 
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scanner model and manufacturer, slice thickness, interval thickness, CT parameters, and use 

of contrast enhancement.

We assessed the methodologic quality of the included studies using the Quality Assessment 

of Diagnostic Accuracy Studies–2 (QUADAS-2) tool [19]. Both data extraction and quality 

assessment were performed independently by two reviewers with disagreement resolved 

after discussion with a third reviewer.

Data Synthesis and Analysis

Data from the included studies were reconstructed in 2 × 2 contingency tables showing the 

presence or absence of CT features in patients with and without ALK mutation for categoric 

variables or as means and SDs for continuous variables. If results by multiple independent 

readers were available, those from the more experienced reader were extracted for this meta-

analysis. The association between the imaging features and ALK rearrangement of NSCLC 

was assessed pooled in the form of an odds ratio (OR) or the mean difference (MD) with 

95% CIs using the random-effects model. Heterogeneity was examined by the inconsistency 

index (I2) [20]. Studies with I2 greater than 50% were considered to show significant 

heterogeneity [21]. Publication bias was examined for CT features that included more than 

10 studies using funnel plots and Egger tests [22]. Deviation from the funnel-shaped 

distribution of eligible studies was considered to indicate publication bias.

The meta and metafor packages of R software (version 3.5.1, R Foundation for Statistical 

Computing) were used for statistical analyses with p < 0.05 indicating statistical 

significance.

Results

Literature Search

The systematic literature search initially identified 432 articles. After we removed 69 

duplicates, screening of the 363 titles and abstracts yielded 29 potentially eligible studies. 

Full-text reviews were performed, and 14 studies were excluded because they had 

insufficient data to reconstruct ORs or MDs (n = 8), had overlapping patient populations (n 
= 3), or used PET/CT for assessment of NSCLC with ALK rearrangement and did not 

clearly explain the role of CT for the tumor assessment (n = 3). Additionally, extended 

search of bibliographies of included studies yielded one study eligible for our meta-analysis 

[15]. No additional articles were identified by the updated search on February 20, 2019, and 

ultimately 16 original research articles were included, consisting of 3113 patients with 

NSCLC, 528 of whom had ALK rearrangement [13–17, 23–33]. The detailed study selection 

process is shown in Figure 1.

Categorization and Definition of CT Features

We found 182 overlapping descriptions in 16 studies to describe various CT features. 

Among the overlapping descriptions, 11 descriptions that were broad in meaning, such as 

“intrathoracic disease,” were excluded, and 21 descriptions that were investigated in fewer 

than three studies were also excluded. For cases in which multiple similar descriptions were 
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used in different studies to describe the same imaging finding, they were subsumed under a 

single CT feature for analysis. For example, descriptions such as “lymphangitic 

carcinomatosis” or “lymphangitic metastasis” were subsumed into a single description: 

“lymphangitic metastasis.” Finally, descriptors were subsumed under 18 CT features that 

included 16 categoric variables and two continuous variables that were computed in the 

meta-analysis. They were density (solid vs subsolid), calcification, necrosis, air 

bronchogram, bubblelike lucency or cavitation, lobulated margin, spiculated margin, 

location, size (mass [> 3 cm] vs nodule [≤ 3 cm]), pleural retraction, size (in centimeters, 

continuous variable), attenuation on contrast-enhanced CT (in Hounsfield units, continuous 

variable), lymphadenopathy, lymphangitic carcinomatosis, lung metastasis, bone metastasis, 

pleural effusion, and pleural metastasis.

Characteristics of Included Studies

Patient characteristics are described in Table 1. The overall prevalence of patients with ALK 

rearrangement was 17% (528/3113). The number of patients with ALK rearrangement on a 

per-study basis ranged from 10 to 68, and the number without ALK rearrangement on a per-

study basis ranged from 20 to 313. The patients had a mean age of 51.0–65.4 years. Twelve 

studies used patients without ALK rearrangement as a control group [13, 15, 16, 23, 24, 26–

30, 32, 33], and four used patients with EGFR mutation as a control group [14, 17, 25, 31]. 

Twelve studies included only patients with adenocarcinoma [13–17, 23, 25–27, 31–33]; four 

included patients with adenocarcinoma and other subtypes of NSCLC [24, 28–30]. Fifteen 

studies provided information regarding tumor stage. Regarding the method used to establish 

the presence of ALK rearrangement, nine studies used FISH [13, 14, 16, 24, 25, 27–29, 32], 

three used IHC [15, 17, 31], one used both IHC and FISH [26], and three used PCR, IHC, 

and FISH [23, 30, 33]. Tissue sampling was done using biopsy in five studies [25, 26, 30–

32], surgery in five [15, 17, 23, 28, 33], and either biopsy or surgery in two [13, 27]. Four 

studies did not report how they procured the tissue [14, 16, 24, 29].

Study characteristics are shown in Table 2. All 16 studies were retrospectively performed, 

and only one was performed at multiple centers [24]. Patient recruitment was consecutive in 

12 studies [13, 16, 17, 24–31, 33] and four were case-control studies [14, 15, 23, 32]. CT 

acquisition parameters and CT scanner characteristics are described in Table 3.

Quality Assessment

In general, the studies were considered to be of good quality, with most satisfying more than 

five of the seven domains (Fig. 2). Regarding the patient selection domain, four studies [14, 

15, 23, 32] were considered to have high risk of bias because of their case-control study 

design. Four studies [14, 25, 31, 33] that analyzed patients with EGFR mutation specifically 

for comparison showed high risk of bias for applicability. Regarding the index test domain, 

risk of bias was unclear in seven studies [13, 15, 23, 26, 28, 30, 32] because patient 

information blinding during CT interpretation was not explicitly described. Regarding the 

flow and timing domain, two studies [13, 14] had unclear risk of bias because the interval 

between CT and histopathology was unclear.
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CT Characteristics

Features of primary tumor and anaplastic lymphoma kinase rearrangement
——Four features showed significant association with ALK rearrangement (Fig. 3). NSCLC 

with ALK rearrangement was more frequently solid than subsolid in density compared with 

those without ALK rearrangement (OR = 2.86 [95% CI, 1.52–5.39], p < 0.01), was more 

commonly central than peripheral (OR = 2.72 [95% CI, 1.63–4.53], p < 0.01), less 

frequently manifested as a mass larger than 3 cm (OR = 0.57 [95% CI, 0.33–0.97], p = 

0.04), and showed lower attenuation on contrast-enhanced CT (MD = −4.79 HU [95% CI, 

−9.10 to 0.47 HU], p = 0.03).

The remaining eight features did not show significant association with ALK rearrangement 

status (Fig. 4): air bronchogram (OR = 0.79 [95% CI, 0.58–1.06], p = 0.12), spiculated 

margins (OR = 0.70 [95% CI, 0.39–1.26], p = 0.24), lobulated margins (OR = 1.42 [95% CI, 

0.65–3.09], p = 0.37), pleural retraction (OR = 0.54 [95% CI, 0.26–1.13], p = 0.10), 

calcification (OR = 1.24 [95% CI, 0.60–2.59], p = 0.56), necrosis (OR = 1.15 [95% CI, 

0.68–1.93], p = 0.60), bubble lucency or cavitation (OR = 0.86 [95% CI, 0.30–2.48], p = 

0.79), and size measured as a continuous variable (MD = −0.95 [95% CI, −3.25 to 1.36], p = 

0.42).

Features other than primary tumor and anaplastic lymphoma kinase 
rearrangement——Five imaging features not related to the primary tumor showed 

significant association with ALK rearrangement (Fig. 5). Compared with patients without 

ALK rearrangement, patients with ALK rearrangement more frequently presented with N2 

or N3 lymphadenopathy than with N0 or N1 lymphadenopathy (OR = 5.63 [95% CI, 2.99–

10.61], p < 0.01), more frequently had lymphangitic carcinomatosis (OR = 3.46 [95% CI, 

1.47–8.14], p < 0.01), and less frequently had lung metastasis (OR = 0.66 [95% CI, 0.47–

0.93], p = 0.02). Pleural effusion was more common in NSCLC with ALK rearrangement 

(OR = 1.91 [95% CI, 1.24–2.95], p < 0.01), as was pleural metastasis (OR = 1.81 [95% CI, 

1.23–2.67], p < 0.01). Although not statistically significant, bone metastasis tended to be 

less frequent in patients with NSCLC with ALK rearrangement than in those without (OR = 

0.44 [95% CI, 0.17–1.11], p = 0.08).

Publication Bias

Publication bias could only be tested for density (n = 11), and significant publication bias 

was not suggested with either the funnel plot or the Egger test (p = 0.1504) (Fig. 6). Other 

CT features included fewer than 10 studies, so publication bias was not statistically 

evaluated.

Heterogeneity

CT features with significant heterogeneity were as follows with corresponding I2 values: 

bubble lucency or cavitation (67%), lobulated margin (82%), spiculated margin (76%), bone 

metastasis (69%), pleural retraction (80%), density (60%), and lymphangitic carcinomatosis 

(57%). The other features did not show significant heterogeneity (0–44%).
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Discussion

In this meta-analysis, we investigated the CT features of NSCLC with ALK rearrangement 

and identified multiple CT features associated with ALK rearrangement. Molecular testing 

including EGFR, ROS1, and ALK is recommended for patients with NSCLC with an 

adenocarcinoma component or nonsquamous cell type [8, 34]. However, this testing is not 

universally performed and may not be considered because of several factors including low 

prevalence, high cost, and technical limitations [32]. In addition, performing a biopsy 

whenever an ALK rearrangement is suspected during treatment may not be feasible. 

Furthermore, even though several clinical and demographic characteristics of ALK 

rearrangement have been reported, many, such as female predominance and a history of 

never or light smoking, overlap with EGFR mutation, a more common genetic alteration, 

with only few differential points (e.g., ALK rearrangement and EGFR mutation are more 

likely to be found in younger and old patients, respectively), limiting the ability to accurately 

predict the presence of ALK rearrangement with clinical and demographic information alone 

[14, 17, 35]. Therefore, specific CT features of NSCLC with ALK rearrangement would 

help radiologists to better understand the imaging phenotype of this tumor subtype and thus 

raise clinical suspicion of possible ALK rearrangement during the process of image 

interpretation. In the appropriate clinical setting, this information could in turn prompt 

molecular testing and early initiation of treatment with ALK inhibitors.

With regard to the CT features of the primary tumor, we found that solid density, central 

location, size 3 cm or smaller, and low attenuation on contrast-enhanced CT were 

significantly associated with the presence of ALK rearrangement. Solid morphology and low 

attenuation on contrast-enhanced CT may reflect a solid signet-ring cell pattern and 

abundant intra- or extracytoplasmic mucin (or both), which has been reported in studies of 

histopathologic analysis of ALK-rearranged lung cancers [36, 37]. NSCLC with ALK 

rearrangement appeared as solid lesions in most of the included studies, unlike NSCLC with 

EGFR mutation, which is known to manifest as part-solid lesions [38]. In fact, among nine 

studies reporting an association between density and ALK status, only one [29] observed 

less-solid components in patients with ALK rearrangement compared with those without 

ALK rearrangement. However, that study analyzed CT images when disease progressed or 

recurred after at least one line of treatment, such as chemotherapy or radiotherapy. Although 

we speculate that posttreatment status may have influenced imaging of the primary tumor, 

further studies investigating imaging findings of treated ALK-rearranged tumors are 

warranted to elucidate this issue. In the meta-analysis, NSCLC with ALK rearrangement 

tended to frequently manifest as a nodule (size ≤ 3 cm) compared with NSCLC without 

ALK rearrangement, which frequently manifested as a mass (> 3 cm). Similarly, Park et al. 

[39] observed that even in the advanced stage, NSCLC with ALK rearrangement tended to 

manifest as a nodule (≤ 3 cm). However, caution is warranted because the difference in 

diameter may result from factors other than genetic mutation, particularly delay from disease 

onset.

Regarding CT features other than the primary tumor, ALK-rearranged NSCLC more 

frequently showed N2 or N3 lymphadenopathy, lymphangitic carcinomatosis, pleural 

effusion, and pleural metastasis. These findings possibly reflect a pathophysiologic tendency 
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for lymphangitic rather than hematogenous spread [40, 41]. This pattern corroborates 

previous studies reporting higher frequency of lymph node involvement and lymphatic 

spread in NSCLC with ALK rearrangement, which was confirmed on pathology in 

surgically resected specimens [33, 42, 43]. Taking into consideration this affinity for 

extensive lymphatic spread despite the tendency for smaller primary tumor size, special care 

should be taken to find such features during routine interpretation of CT in patients with 

ALK-rearranged NSCLC.

Contrary to the finding of frequent lymphatic spread, we found that lung metastasis was 

significantly less common in ALK-rearranged NSCLC. Nevertheless, during the process of 

pooling data for lung metastasis, various heterogeneous descriptors were subsumed into the 

category of lung metastasis. Specifically, two studies [16, 17] reported either satellite 

nodules in the same lobe or nodules in different lobes, two others [30, 31] evaluated “lung 

metastasis,” and another [25] specifically categorized the pattern of lung metastasis into 

miliary and scattered metastasis. Unfortunately, meta-analytically pooling the results for 

each specific type of lung metastasis was not feasible because of the paucity of studies 

assessing them, so we placed them into a broader category of “lung metastasis.” Caution is 

warranted considering the heterogeneity in the exact definitions of “lung metastasis” used in 

these studies, and future studies evaluating each specific finding will help us understand the 

patterns of lung metastasis of ALK-rearranged lung cancers.

Some CT features showed a trend for differences between NSCLC with and without ALK 

rearrangement, albeit without statistical significance. Among them, air bronchogram and 

pleural retraction, which tended to be less frequent in NSCLC with ALK rearrangement, are 

well-recognized imaging features favoring NSCLC with EGFR mutation [44, 45]. Firm 

conclusions cannot be reached because the group without ALK rearrangement included 

EGFR-mutated cancers in some studies but in others also included those with K-ras 
mutations and wild type. Considering that ALK rearrangements and EGFR mutations are 

mutually exclusive, we speculate that further studies with larger numbers of patients may 

provide a clearer answer whether these CT features can be used to differentiate between 

ALK-rearranged and EGFR-mutated NSCLC [46]. In addition, regarding tumor margin 

(spiculated or lobulated) and bone metastasis, although an overall trend was recognized, we 

found conflicting results between included studies with a large amount of heterogeneity, 

mandating well-designed studies for further clarification.

This meta-analysis had some limitations. First, many imaging descriptors were unable to be 

pooled meta-analytically because of either a small number of studies or a lack of detailed 

definitions. Low prevalence of ALK rearrangement in NSCLC inevitably limits the total 

number of patients in each study that could be included in the meta-analysis, resulting in low 

statistical power and a few conflicting results between some studies. Nevertheless, through 

meticulous systematic searching and meta-analysis, we were able to include a relatively 

large number of 528 patients with ALK rearrangement and to find a number of statistically 

significant imaging features. Considering that this is the first meta-analysis to our knowledge 

to summarize CT features of NSCLC with ALK rearrangement with a large number of 

patients, it may contribute to future studies by providing more comprehensive understanding 

of the radiogenomics of ALK rearrangement. Second, even though the reference standard for 
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the molecular diagnosis for ALK rearrangement is FISH, the detection methods used in 

included studies varied, including not only FISH but also IHC and PCR. However, according 

to the updated guideline from the College of American Pathologists, the International 

Association for the Study of Lung Cancer, and the Association for Molecular Pathology 

regarding molecular testing in patients with lung cancer [34], IHC is an equivalent 

alternative to FISH for ALK testing, and PCR may be able to detect common fusions 

involving ALK. Third, half of the included studies performed biopsy for molecular testing 

for ALK rearrangement, raising concern for increased risk for sampling error. However, 

according to Kim et al. [47], in the case of determination of oncogenic drivers such as ALK 

in patients with lung cancer, mutational profiles of driver genes were the same in both 

biopsy and surgical samples, possibly because these oncogenic driver genes are widespread 

throughout the tumor, suggesting the possibility of sampling error to be low. Fourth, all 

included studies (n = 16) were retrospective. Prospective studies may be needed to confirm 

our results. Fifth, when results from readers with different levels of experience were 

reported, we used those of the most experienced reader. However, the interobserver 

agreement for CT features for differentiating cancers with and without ALK rearrangement 

was substantial or almost perfect (κ = 0.68–0.97) [14, 16, 24]. This level of agreement is a 

prerequisite for these CT features to be used for predicting ALK rearrangement. Last, 

multiple CT features had considerable heterogeneity. Lack of meta-regression or sensitivity 

analysis because of a limited number of included studies in each imaging category may 

hinder generalization of our results.

Conclusion

In conclusion, our meta-analysis found that NSCLC with ALK rearrangement has CT 

features distinctive from that without ALK rearrangement. These imaging biomarkers may 

help identify patients likely to have ALK rearrangement before molecular testing and raise 

clinical suspicion for this molecular subtype, thereby initiating prompt molecular testing and 

subsequent proper personalized treatment such as ALK inhibitors.
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Fig. 1—. 
Flow diagram illustrates study selection process for meta-analysis.
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Fig. 2—. 
Graphs show risk of bias (left) and concerns regarding applicability (right) of 16 included 

studies using Quality Assessment of Diagnostic Accuracy Studies–2 (QUADAS-2).
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Fig. 3—. 
Forest plots of studies on association between CT features of primary tumor and anaplastic 

lymphoma kinase (ALK) rearrangement with statistical significance. Boxes indicate means, 

horizontal lines represent 95% CI, diamonds represent pooled indexes, and vertical dashed 

lines indicate pooled means. ALK + = with ALK rearrangement, ALK − = without ALK 

rearrangement.

A, Forest plot of odds ratio (OR) in studies assessing lesion density.

B, Forest plot of OR in studies assessing lesion location.

C, Forest plot of OR in studies assessing lesion size.

D, Forest plot of mean difference (MD) in studies assessing attenuation on contrast-

enhanced CT.
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Fig. 4—. 
Forest plots of studies on association between CT features of primary tumor and anaplastic 

lymphoma kinase (ALK) rearrangement without statistical significance. Boxes indicate 

means, horizontal lines represent 95% CI, diamonds represent pooled indexes, and vertical 

dashed lines indicate pooled means. ALK + = with ALK rearrangement, ALK − = without 

ALK rearrangement.

A, Forest plot of odds ratio (OR) in studies assessing presence of air bronchogram.

B, Forest plot of OR in studies assessing presence of spiculated margin.

C, Forest plot of OR in studies assessing presence of lobulated margin.

D, Forest plot of odds ratio (OR) in studies assessing presence of pleural retraction.

E, Forest plot of OR in studies assessing presence of calcification.

F, Forest plot of OR in studies assessing presence of necrosis.

G, Forest plot of odds ratio (OR) in studies assessing presence of bubblelike lucency or 

cavitation.

H, Forest plot of mean difference (MD) in studies assessing size measured as continuous 

variable.
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Fig. 5—. 
Forest plots of studies on association between CT features of tumors other than primary 

tumor and anaplastic lymphoma kinase (ALK) rearrangement. Boxes indicate means, 

horizontal lines represent 95% CI, diamonds represent pooled indexes, and vertical dashed 

lines indicate pooled means. ALK + = with ALK rearrangement, ALK − = without ALK 

rearrangement.

A, Forest plot of odds ratio (OR) in studies assessing N0 or N1 versus N2 or N3 

lymphadenopathy.

B, Forest plot of odds ratio (OR) in studies assessing presence of lymphangitic 

carcinomatosis.

C, Forest plot of OR in studies assessing presence of lung metastasis.

D, Forest plot of OR in studies assessing presence of pleural effusion.

E, Forest plot of odds ratio (OR) in studies assessing presence of pleural metastasis.

F, Forest plot of OR in studies assessing presence of bone metastasis.
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Fig. 6—. 
Funnel plot and Egger test for publication bias evaluation of CT feature of density.
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