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Abstract 

With the increasing clinical use of cytostatic and novel biologic targeted agents, conventional morphologic tumor burden assessments, including World Health Organization criteria and Response Evaluation Criteria in Solid Tumors, are confronting limitations because of their difficulties in distinguishing viable tumor from necrotic or fibrotic tissue. Therefore, the investigation for reliable quantitative biomarkers of therapeutic response such as metabolic imaging or functional imaging has been desired. In this review, we will discuss the conventional and new approaches to assess tumor burden. Since targeted therapy or locoregional therapies can induce biological changes much earlier than morphological changes, these functional tumor burden analyses are very promising. However, some of them have not gone thorough all steps for standardization and validation. Nevertheless, these new techniques and criteria will play an important role in the cancer management, and provide each patient more tailored therapy.
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.  
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Core tip: Accurate tumor burden assessment is a critical component of patient management and the investigation of new therapies. With the increasing clinical use of novel biologic targeted agents or locoregional therapies, morphological analysis confronted limitations, and new methods to assess tumor burden were desired. Advances in imaging technique enable us to assess tumor functions such as viability, vascular physiology, or metabolism, which can be new approaches to assess tumor burden.
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INTRODUCTION
Accurate assessment of tumor burden is an important component of cancer patient management and the investigation of new therapies. Traditionally, therapeutic response has been assessed by serial tumor size measurements according to World Health Organization (WHO) criteria or Response Evaluation Criteria in Solid Tumor (RECIST)[1-3]. These criteria, which are based on anatomical measurement, are well established tool, and easy to apply for assessment of tumor burden. However, these morphological evaluations have substantial limitations, including the presence of tumors that cannot be measured, poor measurement reproducibility and mass lesions of unknown activity that persist following therapy[3]. They also have a difficulty in distinguishing viable tumor from necrotic or fibrotic tissue and recognizing the delay between cell kill and tumor shrinkage. Faced with these limitations, more sophisticated measurements (including tumor volume and lesion regression rates) have been applied to the evaluation of the tumor response to therapy. 

With the increasing clinical use of cytostatic and novel biologic targeted agents or locoregional therapies (LRTs) such as ablation and transarterial chemoembolisation (TACE) in the management of hepatocellular carcinoma (HCC), it has become increasingly recognized that new methods of therapy assessment need to be developed urgently. For example, antiangiogenic agents are known to rapidly decrease contrast enhancement on computed tomography (CT)/magnetic resonance imaging (MRI) scans that occur within days of initiation of reduced vascular permeability to contrast agents rather than a true antitumor effect[4]. Faced with these limitations, the investigation for reliable quantitative biomarkers to assess tumor burden and therapeutic response including blood surrogate parameters, metabolic imaging and functional imaging based on CT, MRI, or positron emission tomography (PET) has been desired[4-7]. In this review, we discuss various conventional and new approaches to determine tumor burden in the current clinical practice of HCC.

MORPHOLOGIC TUMOR BURDEN ANALYSIS
In 1981, the WHO first published tumor response criteria, mainly for use in trials where tumor response was the primary endpoint. The WHO criteria introduced the concept of an overall assessment of tumor burden by summing the products of bidimensional lesion measurements and determined response to therapy by evaluation of change from baseline while on treatment. Subsequently, RECIST was introduced and approved for clinical use in 2000[1]. RECIST criteria were primarily conceived to provide specific guidelines for tumor burden measurement. After extensive experience and validation in several chemotherapeutic trials in solid tumors, it was revised in 2009 as RECIST 1.1[8]. RECIST 1.1 relies on the measurement of a maximum of five target lesions, not exceeding two per organ; subsequently, the sum of the greatest diameters is recorded followed by a final classification[3]. On the other hand, it has been questioned if these unidimensional measurements can reflect total tumor burden accurately. With the advent of imaging technologies such as workstation and 3D software, longitudinal or oblique measurements readily can be determined, and tumor volumes can be computed algorithmically. Sohaib et al[9] reported that CT volumetric measurements were accurate and reproducible in their phantom study. Welsh et al[10] reported that RECIST might overestimate tumor burden compared with volumetric measurements in HCC and pancreatic cancer, and they concluded that volumetric analysis might be the preferred method to detect tumor progression. However, the practical clinical value of tumor volumetric analysis remains controversial. There is no consensus about the recommended volume equivalents converted from diameter thresholds, which can be effectively applied without sacrificing either reproducibility or sensitivity to tumor progression or partial response.

TUMOR BURDEN ANALYSIS ACCORDING TO VIABILITY AND DENSITY
Recent studies have demonstrated poor correlations between the clinical benefit provided by targeted therapy agents or LRTs and conventional morphologic tumor burden analysis[11-14]. Unlike cytotoxic agents that may induce rapid tumor shrinkage, targeted therapy agents are acknowledged to yield sustained tumor stabilization and delay tumor progression. For example, antiangiogenic agents can reduce tumor vascularization, provoke areas of necrosis, and sometimes cause cavitation in solid tumors. These peculiar features have been reported with bevacizumab, sorafenib, and sunitinib in HCC[11,15-18]. In addition, the main objective of all effective LRTs is to induce necrosis of the tumor regardless of the shrinkage of the lesion. Therefore, in 2000, a panel of experts on HCC of the European Association for the Study of Liver (EASL) amended the response criteria to take into account tumor necrosis induced by treatment[19]. In 2008, The American Association for the Study of Liver Disease developed a set of guidelines that included a formal modification of the response assessment based on the RECIST criteria and aimed to translate into the concept of viable tumor (tumoral tissue showing arterial uptake in the arterial phase of the contrast-enhanced imaging techniques), which are referred to as modified RECIST (mRECIST) criteria (Figure 1)[20,21]. These criteria are summarized in Table 1. Fourner et al[13] reported that overall response rates of 21.8% for RECIST criteria and 81.8% for EASL in 55 HCC patients treated with a variety of LRTs. Simillar findings about overall response rates were reported by Keppke et al[22] (RECIST 23%, WHO 26%, and necrotic area 59%), Riaz et al[23] (RECIST 42.4%, WHO 42.4%, and EASL 70.2%), and Prajapati et al[24] (RECIST 10.8%, WHO 4.1%, EASL 39.2%, and mRECIST 52.5%). 

A question then arises which response criteria have the strong association with survival. Previous reports have shown that WHO, RECIST, and EASL responses are associated with improved survival[23,25], but these studies didn’t make the comparison at a single time point. Gillmore et al[26] reported that overall responses according to EASL and mRECIST are independent predictor of survival, whereas RECIST 1.1 no significant association with survival. In the phase II study of brivanib in advanced HCC, mRECIST was able to demonstrate a higher response and disease control rate and longer time to progression than the WHO criteria. In a recent retrospective study of HCC patients treated with sorafenib, patients categorized as responder according to mRECIST had a longer overall survival (OS) than non-responder[27]. Prajapati et al[24] reported that mRECIST and EASL had significant correlation with survival, whereas WHO and RECIST 1.1 had poor correlation. Another key issue is that radiological assessments with EASL and mRECIST can be carried out at an early time point, in comparison with WHO and RECIST[12,22,23]. Therefore, response evaluation based on the concept of viable tumor may be valuable for making early decisions regarding further therapy.

The tumor density analysis based on contrast enhanced CT attenuation measurement can serve as an additional method for response assessment in solid tumors[28]. Choi et al[28] reported that gastrointestinal stromal tumors treated with imatinib mesylate, reduced tumor density on the portal venous phase CT, which had a correlation with the tumor necrosis, or cystic or myxoid degeneration without changes in tumor size. The tumor density is measured by drawing a region of interest (ROI) circumscribing the boundary of the tumor in the portal venous phase[29]. In gastrointestinal stromal tumors, a decrease in tumor Housefield units > 15% correlated with progression free survival[30]. In HCC, a recent studies showed that tumor density measurement on the portal venous phase CT images was more sensitive than RECIST in detecting patients with longer time to progression after sunitinib therapy (Figure 2)[31]. 

PERFUSION ANALYSIS
As discussed earlier, the morphologic tumor burden assessment has a difficulty in distinguishing viable tumor from necrotic or fibrotic tissue because molecular targeted agents suppress tumor growth by downregulating angiogenesis without causing much morphologic change. In this sense, the investigation for reliable quantitative assessment of therapeutic response including blood surrogate parameters, metabolic imaging and functional imaging has been desired[4,5]. Perfusion technique, which enables quantification of tumor vascularity by measuring the temporal changes in tissue density following intravenous contrast administration, are readily incorporated into the existing CT and MRI protocols that continue to provide the mainstay for anatomical imaging in oncology[32]. Most scanners now come equipped with sophisticated hardware platforms coupled with powerful and user-friendly software packages for tissue perfusion analysis. Perfusion parameters are dependent on the scan protocol and the mathematical model for perfusion analysis[33,34], but the commonly described perfusion CT parameters include blood flow (BF), blood volume (BV), mean transit time (MTT), and permeability surface area product[15,16,34]. Similarly for dynamic contrast-enhanced (DCE)-MRI, transfer constant (Ktrans) is the most accepted quantitative surrogate end point from compartment models[35-38]. Several studies have demonstrated the value of perfusion imaging for monitoring the effect of antiangiogenic agents advocating various imaging tools in various solid tumors[14-17,39-43]. Several papers reported that BF or BV decreased even after 2 wk of antiangiogenic therapy (Figure 3)[15,16]. Moreover, perfusion imaging has a potential to be a biomarker of antiangiogenic therapy[14,16,41-43]. In perfusion CT, Jiang et al[16] demonstrated that HCC with higher baseline MTT correlated with favorable clinical outcome. In DCE-MRI study of renal cell carcinoma, high baseline Ktrans and reduction in Ktrans after treatment were related to progression free survival (PFS)[41,42]. In advanced HCC, DCE-MRI demonstrated reduction in Ktrans during antiangiogenic treatment and the change of Ktrans during treatment was related to better PFS and OS in clinical trials of tyrosine kinase inhibitors[14,17,43]. 

Considering the accessibility and availability, Perfusion CT is superior to DCE-MRI. However, relatively high radiation dose and limited coverage of the anatomy are two major draws backs of perfusion CT. Therefore, several efforts are being made with low dose scanning technique[34]. In addition, there is no consensus on a scanning protocol or a mathematical model in abdominal lesion. The definition of the tumor ROI and the acquisition time is also a subject to similar consideration[44,45]. 

On the other hand, DCE-MRI has the advantage of lack of ionizing radiation, good spatial resolution and soft-tissue contrast. However, it is one of the most expensive and still technically challenging imaging modalities, requiring longer image acquisition times and provides smaller interscan reproducibility, as compared with CT[46,47]. DCE-MRI also lacks the standard protocol and the established response evaluation criteria. 

Regardless of these limitations, perfusion technique must be a potentially powerful tool for HCC patient management, which may enable prediction or early detection of therapy responder.

DIFFUSION-WEIGHTED MRI
Molecular diffusion, or Brownian motion, was first formally described by Einstein[48] in 1905. Various tissue types have unique diffusion characteristics, as measured by the apparent diffusion coefficient (ADC), which can be calculated by the diffusion-weighted imaging (DWI) measurements acquired with a different gradient duration and amplitude (b-values). The movement of water molecules in biological tissues within the body is typically limited by interactions with cell membranes macromolecules, and fibers in tissue compartments. Therefore, DWI has been suggested as a tool to distinguish different tissue compartments and detect changes in cellular tissue structures and viability, which could be used to monitor the response to treatment. DWI has been discussed as cancer biomarker in a consensus meeting and a publication on consensus and recommendations for DWI as a cancer biomarker has been published recently highlighting the potential of this promising technique in cancer patients[49]. In lung cancer, a previous study reported that ADC values differ based on histological type, which suggested a possible correlation between ADC values and tumor characteristics, such as histology, response to therapies and prognosis[50]. Monitoring effectiveness of treatment is often challenging, especially following liver directed therapy. In HCC, the usefulness of DWI in the evaluation of therapeutic efficacy after targeted therapy or TACE has already been reported in several studies[51-55]. Some of those studies reported that the ADC value in HCC showed significant increases after TACE[51-53]. Yuan et al[55] reported that high baseline ADC value of HCC could predict poor response to TACE and that responding lesions had a significant increase in %ADC values than nonresponding during TACE. They demonstrated that an alteration %ADC value ≥ 16.21% could be used to identify HCC to early response to chemoembolization. In HCC treated with an antiangiogenic agent (sorafenib), Schraml et al[54] reported that early decrease in ADC of tumor after therapy was followed by an increase (Figure 4). However, there are some limitations regarding ADC values reproducibility, which depend on magnetic field strength, technical factors (e.g., b-value selection) and on the ROI localization on ADC maps[56,57]. In addition, particularly in abdomen, DWI still represents a technical challenge because of the strong influence of motion caused by breathing and vascular pulsation, resulting in image artifacts that may lead to inaccurate ADC measurements[58]. Nevertheless, DWI is one of the promising techniques for the noninvasive assessment of tumor burden. Future studies are necessary to correlate the time course of ADC changes with HCC therapy response, and additional technical developments are necessary to improve DWI quality and spatial resolution.

POSITRON EMISSION TOMOGRAPHY 
Positron emission tomography (PET) is a quantitative imaging modality using various tracers such as 18F-fluorodeoxyglucose (18F-FDG)[59-63], 11C-acetate (11C- Act)[64-67], 11C- or 18F-F-choline (11C-Cho, 18F-F-Cho)[68] and 18F-fluorothymidine (18F-FLT)[69] to assess metabolism, lipogenesis, cellular membrane metabolism and proliferation respectively. 

18F-FDG, which can be used for assessing glucose metabolism of tumors, is the most widely available clinical PET tracer (Figure 5). Generally, malignant tumors show increased 18F-FDG uptake due to the increased number of glucose transporters and the increased hexokinase activity. Nevertheless, FDG-PET shows poor sensitivity for the detection of HCC with reports ranging from 50% to 55%[70-74]. In spite of the poor sensitivity of 18F-FDG PET in HCC, Song et al[75] reported that the increase of 18F-FDG uptake in HCC was significantly associated with tumor burdens such as size and number of tumors, and they concluded that 18F-FDG PET could provide effective information on the prognosis of the treatment response. In addition, it has been demonstrated that 18F-FDG uptake after TACE might be a favorable marker to assess tumor viability after TACE[66-76]. Similar findings have been reported in detecting local tumor progression following radiofrequency ablation of HCC[77]. 

Despite the rapid integration of PET with 18F-FDG into clinical practice, there has been relatively little systematic integration of PET into clinical trials of new cancer treatments. Given the clinical importance and quantitative nature of PET, it is important to have methods to allow inclusion of PET response criteria into clinical trials. Therefore, the European Organization for Research and Treatment of Cancer (EORTC) has defined response assessment criteria for PET in 1999[78]. Although some use the EORTC criteria, methods for PET performance and interpretation are typically highly variable across studies and typically only exploratory. Therefore, in 2009, Wahl et al[79] described the Positron Emission Tomography Response Criteria in Solid Tumors (PERCIST) 1.0 to standardize therapy-monitoring method with PET. They classified responses by use of percentage changes in SUVs in the “hottest” lesions per scan. The basics of PERCIST 1.0 are shown in Table 2, where they are contrasted with the EORTC criteria. It is clear that further efforts are needed to validate usefulness of SUV as a sensitive biomarker to assess tumor burden, response and clinical outcome. At present, PET still plays a small role in imaging assessment of HCC tumor burden, compared with other modalities, but tumor-specific tracers may be the key in future.

CONCLUSION
Accurate tumor burden assessment is a critical component of patient management and the investigation of new therapies. Morphological tumor burden analysis has been served as golden standard. However, with the increasing clinical use of novel biologic targeted agents or LRTs, morphological analysis confronted limitations, and new methods to assess tumor burden were desired. Advances in software and hardware of imaging technique enable us to assess tumor function such as viability, vascular physiology, or metabolism. Since targeted therapy or LRTs can induce biological changes much earlier than morphological changes, these functional tumor burden analyses are very promising. However, some of them have not gone thorough all steps for standardization and validation. Nevertheless, these new techniques and criteria will play an important role in the cancer management, and provide each patient more tailored therapy.
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Figure 1 Application of modified Response Evaluation Criteria in Solid Tumor evaluation for hepatocellular carcinoma. A: Baseline; B: Post treratment. Tumor burden change was assessed on arterial-phase contrast enhanced diagnostic computed tomography image. Modified Response Evaluation Criteria in Solid Tumor evaluation should draw the maximal dimension of continuous arterial enhancement in such lesions with central necrosis, avoiding central necrosis.
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Figure 2 Portal-phase contrast enhanced diagnostic computed tomography of 58-year-old man with hepatocellular carcinoma. A: Baseline; B: Post treratment. Obvious tumor density change was observed after antiangiogenic treatment.
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Figure 3 Perfusion maps of 53-year-old man with hepatocellular carcinoma. Parameters measure by perfusion computed tomography showed substantial changes in comparison with tumor size and density at only 2 wk after antiangiogenic treatment. Blood flow (BF), blood volume (BV) were -75.5% and -59.5%. On the other hand, those of size and density were not so obvious (-3.0% and -18.1%).
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Figure 4 Diffusion-weighted imaging and apparent diffusion coefficient map at baseline and post treatment of 31-year-old woman with hepatocellular carcinoma (arrows). This patient was treated with antiangiogenic agent (sunitinib). Apparent diffusion coefficient showed 18.8% increase (from 1.28 × 10-3 to 1.52 × 10-3 mm2/s) after antiangiogenic treatment.
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Figure 5 Positron emission tomography/computed tomograhpy of 57-year-old man with hepatocellular carcinoma at baseline and post treatment. He was treated with a systemic chemotherapy. New lesion was detected by a follow-up positron emission tomography/computed tomography (thick arrow).
Table 1 Summary of response criteria

	
	WHO
	RECIST 1.1
	EASL
	mRECIST

	Complete response (CR)
	Disappearance of all lesions
	Disappearance of all lesions and pathologic lymph nodes
	Disappearance of intratumoral areterial enhancement
	Disappearance of all lesions and pathologic lymph nodes

	Partial response (PR)
	≥ 50% decrease in the sum of the area (longest diameters multiplied by longest perpendicular diameters)
	≥ 30% decrease in the sum of the longest diameters
	≥ 50% decrease in the sum of the arterial enhancing areas (longest diameters multiplied by longest perpendicular diameters)
	At least a 30% decrease in the sum of diameters viable (enhancing) target lesions, taking as reference the baseline sum of the target lesions

	Stable disease (SD)
	Neither PR nor PD
	Neither PR nor PD
	Neither PR nor PD
	Neither PR nor PD

	Progressive disease (PD)
	≥ 25% increase in the sum of the area
	≥ 20% increase in the sum of the longest diameters and ≥ 5 mm absolute increase in the sum of the longest diameters
	≥ 25% increase in the size of the arterial enhancing areas or development of a new lesions
	≥ 20% increase in the sum of diameters of viable target lesions recorded since treatment started or development of new lesions


WHO: World Health Organization; EASL: European Association for the Study of Liver; mRECIST: Modified Response Evaluation Criteria in Solid Tumors (RECIST).
	Table 2 Comparison of European Organization for Research and Treatment of Cancer and Positron Emission Tomography Response Criteria in Solid Tumors 1.1

	
	EORTC
	PERCIST

	CMR
	Complete resolution of 18F-FDG uptake within the tumor volume so that it is indistinguishable from surrounding normal tissue
	Complete resolution of 18F-FDG uptake within measurable target lesion so that the liver activity was less than the mean and indistinguishable from surrounding background blood-pool levels plus disappearance of all other lesions to background blood pool levels and appearance of no new 18F-FDG-avid lesions

	PMR
	Minimum 15%–25% reduction in tumor 18F-FDG SUV after 1 chemotherapy cycle and > 25% reduction after ≥ 1 treatment cycle; reduction in extent of tumor 18F-FDG uptake not required
	≥ 30% relative and ≥ 0.8 SUL unit absolute reduction in target measurable tumor 18F-FDG SUL peak and no increase > 30% in SUL or size (per RECIST) of target or nontarget lesions or appearance of new lesions; reduction in extent of tumor 18F-FDG uptake not required ≥ 30% decrease in the sum of the longest diameters

	SMD
	< 25% increase or < 15% decrease in tumor 18F-FDG SUV and no visible increase in extent of 18F-FDG tumor uptake (> 20% in the longest dimension)
	Not CMR, PMR, nor PMD

	PMD
	> 25% increase in 18F-FDG tumor SUV within the tumor region defined on the baseline examination or visible increase in the extent of 18F-FDG tumor uptake (> 20% in the longest dimension) or appearance of new 18F-FDG uptake in metastatic lesions
	> 30% increase in 18F-FDG SUL peak, with > 0.8 SUL unit increase in tumor SUV peak from baseline scan in pattern typical of tumor and not of infection/treatment effect or visible increase in extent of 18F-FDG tumor uptake (75% in total lesion glycolysis volume with no decline in SUL) or new 18F–FDG-avid lesions typical of cancer and not related to treatment effect or infection


CMR: Complete metabolic response; PMR: Partial metabolic response; SMD: Stable metabolic disease; PMD: Progressive metabolic disease; EORTC: European Organization for Research and Treatment of Cancer; PERCIST: Positron Emission Tomography Response Criteria in Solid Tumors; FDG: Fluorodeoxyglucose; SUV: Standardized uptake values.
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