Name of Journal: World Journal of Gastroenterology
Manuscript NO: 53534
Manuscript Type: ORIGINAL ARTICLE

Basic Study
Use of zebrafish embryos as avatar of patients with pancreatic cancer: A new xenotransplantation model towards personalized medicine

Di Franco G et al. Zebrafish as avatar of PDAC patients

[bookmark: _Hlk26531809][bookmark: _Hlk26531859]Gregorio Di Franco, Alice Usai, Niccola Funel, Matteo Palmeri, Ida Elena Rosamaria Montesanti, Matteo Bianchini, Desirée Gianardi, Niccolò Furbetta, Simone Guadagni, Enrico Vasile, Alfredo Falcone, Luca Emanuele Pollina, Vittoria Raffa, Luca Morelli

Gregorio Di Franco, Matteo Palmeri, Matteo Bianchini, Desirée Gianardi, Niccolò Furbetta, Simone Guadagni, Luca Morelli, General Surgery Unit, Department of Translational Research and New Technologies in Medicine and Surgery, University of Pisa, Pisa 56124, Italy

Luca Morelli, EndoCAS (Center for Computer Assisted Surgery), University of Pisa, Pisa 56124, Italy

Alice Usai, Ida Elena Rosamaria Montesanti, Vittoria Raffa, Department of Biology, University of Pisa, Pisa 56127, Italy

Luca Emanuele Pollina, Niccola Funel, Department of Laboratory of Medicine, Division of Surgical Pathology, Hospital-University of Pisa, Pisa 56124, Italy

Enrico Vasile, Division of Medical Oncology, Pisa University Hospital, Pisa 56124, Italy

Alfredo Falcone, Department of Translational Research and New Technologies in Medicine and Surgery, University of Pisa, Pisa 56124, Italy

Author contributions: Di Franco G and Alice Usai A contributed equally to this work; Raffa V and Morelli L contributed equally to this work; Di Franco G, Usai A, Funel N, Palmeri M, Bianchini M, Gianardi D, Furbetta N, Guadagni S, Vasile E, Falcone A, Pollina LE, Raffa V and Morelli L contributed to the study conception and design; Di Franco G, Usai A, Funel N, Palmeri M, Montesanti IER, Bianchini M, Gianardi D, Furbetta N, Guadagni S, Pollina LE and Enrico Vasile E contributed to the data acquisition; Di Franco G, Usai A, Funel N, Palmeri M, Montesanti IER, Bianchini M, Gianardi D, Furbetta N, Guadagni S, Raffa V and Morelli L contributed to the data analysis and interpretation; Di Franco G, Usai A, Funel N, Palmeri M, Montesanti IER, Bianchini M, Gianardi D, Furbetta N, Guadagni S and Vasile E drafted the manuscript; Falcone A, Pollina LE, Raffa V and Morelli L contributed to the critical revision; all authors made the study final approval.

Supported by the Fondazione Pisa, No. 114/16.

Corresponding author: Luca Morelli, FACS, MD, Associate Professor, Surgeon, General Surgery Unit, Department of Translational Research and New Technologies in Medicine and Surgery, University of Pisa, Via Paradisa 2, Pisa 56124, Italy. luca.morelli@unipi.it

[bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK269][bookmark: OLE_LINK239]Received: December 31, 2019
Revised: March 27, 2020
Accepted: May 27, 2020 
Published online: June 7, 2020


Abstract
BACKGROUND
The response to chemotherapy treatment of patients with pancreatic ductal adenocarcinoma (PDAC) is difficult to predict and the identification of patients who most likely will benefit from aggressive chemotherapy approaches is crucial. The concept of personalized medicine has emerged in the last years with the objective to tailor the medical treatment to the individual characteristics of each patient, and particularly to the tumor biology of each patient. The need for in-vivo xenotransplantation models for cancer patients has increased exponentially, and for this reason zebrafish avatars have gained popularity. Preliminary studies were conducted also with PDAC tissue.

AIM
To develop a simple, not expensive, diffusible zebrafish embryo model as avatar for patients affected by PDAC.

METHODS
Tumor tissue was taken from the surgical specimen by the histopathologist. After its fragmentation into small pieces, they are stained with CM-Dil. Small pieces of stained tissue were transplanted into the yolk of wt AB zebrafish embryos with a glass capillary needle. Embryos were incubated at 35 °C in E3 medium supplemented with 1% Pen/Strep in the presence or absence of drugs for the following days in respect of the treatment plan (Gemcitabine; Gemcitabine and Oxaliplatin; Gemcitabine and nab-Paclitaxel; 5-Fluorouracil and Folinic acid and Oxaliplatin and Irinotecan). The response of zebrafish xenografts to the chemotherapy options has been analyzed by monitoring the fluorescent stained area at 2 h post injection (hpi), 1 d and 2 d post injection (dpi). In each time point, the mean size of the stained area was measured by ImageJ and it was normalized with respect to the 1 dpi time point mean relative tumor area (RTA). We evaluated the effect of the chemotherapy exposition comparing the mean RTA of each treated subgroup and the control group and evaluating the percentage reduction of the mean RTA by comparing each treated subgroup with the control group.

RESULTS
Between July 2018 and October 2019, a total of 15 patients with pancreatic cancer were prospectively enrolled. In all cases, it was possible to take a fragment of the tumor from the surgical specimen for the xenotransplantation in the zebrafish embryos. The histological examination confirmed the presence of a PDAC in all cases. In absence of chemotherapy (control group), over time the Dil-stained area showed a statistically significant increase in all cases. A statistically significant reduction of the mean RTA in the treated subgroups for at least one chemotherapy scheme was reported in 6/15 (40%) cases. The analysis of the percentage reduction of the RTA in treated subgroups in comparison to the control group revealed the presence of a linear relationship in each subgroup between the percentage reduction of the RTA and the number of cases reporting each percentage threshold considered for the analysis.

CONCLUSION
Our model seems to be effective for the xenotransplantation of PDAC tissue and evaluation of the effect of each chemotherapy scheme on the xenotransplanted tumor tissue.
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Core tip: Patient-derived xenograft model has emerged as an important tool for personalized medicine. Zebrafish embryos offer several advantages: the short generation time, the large number of offspring, the transparency, and the small size therefore making zebrafish a more practical and less expensive laboratory system than others in vivo cancer models. We developed a model to use zebrafish embryos as avatar of patients with pancreatic ductal adenocarcinoma, standardizing the protocol for the xenotransplantation of pancreatic tumor tissue, for the exposition of the xenotransplanted zebrafish embryos to the chemotherapy drugs, and for the evaluation of the effects of chemotherapy on the xenotransplanted tumor tissue.

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is one of the most aggressive malignancies worldwide, with a median survival time of less than 18 mo and with a 5-year survival rate for pancreatic cancer increased from 6% to 9% from 2014 to 2018[1,2]. The annual death rate for PDAC is almost equal to the incidence rate[3], suggesting the lack of an effective screening method for targeted drug therapy. A radical surgical resection for a curative treatment option can be performed in less than 20% of cases because most patients have an advanced stage of the disease at the diagnosis. Chemotherapy plays a fundamental role for the treatment of patients affected by PDAC, as neoadjuvant, adjuvant or as unique treatment in non resectable PDAC. However, the response to chemotherapy treatment is difficult to predict and today different chemotherapy schemes are disposable for the treatment of PDAC. Recent trials showed significant improvement in over-all survival with the use of combined chemotherapy modalities compared to the gemcitabine monotherapy[4,5]. Different regimens have been developed such as gemcitabine plus nab-paclitaxel and FOLFIRINOX and direct comparisons of these regimens are not available[6,7]. Moreover, the incidence of adverse events increases with the use of combination regimens compared to gemcitabine: the proportion of patients who experienced at least one grade 3 or higher treatment-related, treatment-emergent adverse event was 77% with nab-paclitaxel plus gemcitabine and 51% with gemcitabine-alone in the MPACT study[6]. FOLFIRINOX produced higher rate of both hematological and non-hematological grade 3 or higher toxicities such as diarrhea and sensory neuropathy[7]. An appropriate patient selection is crucial to identify those that are most likely to benefit from aggressive chemotherapy approaches and those who are more likely to have only little benefit due to increased rates of severe side effects. Some clinical parameters can help in the choice of the most effective scheme. However, the concept of precision medicine has emerged in the last years with the objective to tailor the medical treatment to the individual characteristics of each patient, and particularly to the tumor biology of each patient. In this context, precision oncology seeks to identify the most effective therapy for an individual patient, based on the characterization of his cancer. “Mouse Avatar” is an emerging approach of precision medicine in oncology that has recently grown in popularity[8]. It implicates the xenotransplantation of cancer cells from patient tumor sample in mouse models testing drug efficacy to run the so called “co-clinical trials”. The advantage of this approach is that each patient has his/her own tumor growing in an in vivo system, thereby allowing the identification of a personalized therapeutic approach. However, the use of mice as avatars has some limits such as high costs, the time-consuming process and the requirement of immunosuppressed strains. Recently, the use of zebrafish as avatar for oncological patients has gained popularity. After the first experiment reported in 2005[9], nowadays the use of the zebrafish model of xenotransplantation is one option for implementing strategies of personalized medicine, together with other models such as mouse patients-derived xenografts, patient-derived organoids[10,11] or the whole tumor genome sequencing[12,13]. Several human cancer cells e.g., melanoma, glioma, breast and prostate cancer cells as well as fragments of human cancer tissues have been tested to date[14]. Preliminary studies were conducted also with patient-derived pancreatic cancer cells or tissue[15-17]. The aim of this study is to propose a model that is possibly simple, not expensive and diffusible to use the zebrafish embryos as avatars for patients affected by PDAC to predict the efficacy of the different chemotherapy schemes and the clinical response to the treatment.

MATERIALS AND METHODS
Patients affected by PDAC that had undergone pancreatic resection were enrolled after written informed consent. After the surgical operation, the specimen was analyzed by the pathologist and a fragment of the tumor was taken for the xenotransplantation in zebrafish embryos.
Preoperative data included diagnosis, age, gender, body mass index (BMI), value of tumor marker CA 19.9, and neoadjuvant chemotherapy and/or radiotherapy for neoplastic disease. Operative data included type of surgical procedure, if an associated vascular resection was performed, and if there were problems in taking a fragment of the tumor for the xenotransplantation. Histological data included: histological type of the tumor, grade of differentiation, tumor dimension, number of harvested lymph nodes, number of metastatic lymph nodes, presence of angioinvasion and perineural infiltration, presence of vascular infiltration in case of vascular resection. Patients were staged according to the T and N definitions proposed for the American Joint Committee on Cancer 8th edition[18]. Proposed T-stage definitions are the following: T1 ≤ 2 cm maximal diameter, 2 < T2 ≤ 4 cm maximal diameter, T3 > 4 cm maximal diameter, T4 = locally unresectable. Extra-pancreatic extension was not included in these T-stage definitions. Proposed N-stage definitions included the following: N0 = node negative, N1 = 1-3 nodes positive for metastatic disease, N2 ≥ 4 nodes positive for metastatic disease.

Animal care and use statement
Zebrafish (Danio rerio) were handled in strict compliance with local animal welfare regulations (authorization n. 99/2012-A, 19.04.2012) and standard protocols approved by Italian Ministry of Public Health, in conformity with the Directive 2010/63/EU. Fish were housed at an average temperature of 28 °C in a recirculating system with a 14:10 h light to dark cycle. Zebrafish fertilized eggs were obtained by natural mating of wild-type AB strain at our facilities and the developing embryos were staged in incubator at 28 °C according to Kimmel et al[19]. Before any procedure, embryos were anesthetized in 0.02% tricaine.

Zebrafish embryos xenotransplantation and chemotherapy test
We used the protocol described in our article on validation of zebrafish embryos as Avatar to test chemotherapy drugs[20]. The tumor tissue taken from the surgical specimen by the histopathologist was washed three times with RPMI supplemented with 100 U/mL penicillin, 100 μg/mL streptomycin and 2.5 μg/mL Amphotericin B and cut into small pieces (1-3 mm) using a scalp blade. The pieces were then transferred to a 5 mL tube, and stained with 40 μg/mL CM-Dil in Dulbecco's phosphate buffered saline (D-PBS). The tissue pieces were incubated for 15 min at 37 °C and for 15 min in ice cubes. Tissue pieces were then washed and centrifuged three times by D-PBS and re-suspended in D-PBS supplemented with 10% fetal calf serum. For tissue transplantation, we used the manual method proposed by Marques et al[15] 2009. Small pieces of stained tissue were further disaggregated using Dumont forceps (No.5) into a relative size of 1/4 to 1/2 the size of the yolk. Tissue pieces with the correct size were transferred to 1% agarose disks in which the 2-d post injection (dpi) embryos were laying, ready for transplantation. A glass transplantation needle was used to implant the tissue into the yolk. The tissue was picked up, put on the top of the yolk and then pushed inside. The yolk usually sealed itself and in the majority of embryos, the tumor remained in the yolk. After transplantation, embryos were incubated for 2 h at 35 °C, then embryos were checked for presence of tissue and incubated at 35 °C in E3 1% Pen/Strep medium with the presence or absence of drugs for the following days in respect of the treatment plan. The tumor tissue was xenotransplanted in n = 100 zebrafish embryos and injected embryos were randomly allocated among 5 groups (4 therapeutic options and one control group). The treated groups were exposed to the four main chemotherapy options used for PDAC: Gemcitabine (GEM), Gemcitabine + Oxaliplatin (GEMOX), Gemcitabine + nab-Paclitaxel (GEM/nab-P), and 5-Fluorouracil + Folinic acid + Oxaliplatin + Irinotecan (FOLFOXIRI). The chemotherapies were dissolved in fish water, using the equivalent dose (ED = 5) calculated with a toxicity study on zebrafish embryos and validated by test with cellular lines or tumor tissue xenotransplanted in zebrafish embryos[20]. Two days post treatment the response of zebrafish xenografts to the chemotherapy options was analyzed by monitoring the stained area at 2 hpi, 1 dpi and 2 dpi using ImageJ (Figure 1). The mean size of the tumor mass area measured in each time point was normalized with respect to the 1 dpi time point mean relative tumor area (RTA). We evaluated the efficacy of the chemotherapy exposition using two modalities. The first one was the comparison of the mean RTA between each treated subgroup and the control group calculating the mean difference between the two groups. Moreover, we evaluated the possibility to use in the zebrafish model the “Response evaluation criteria in solid tumors (RECIST)” used in the common clinical practice to evaluate the response to the chemotherapy in oncological patients[21] as an objective parameter for evaluation of data obtained with zebrafish embryos tests. To do this, we evaluated the percentage reduction of the mean RTA in each treated subgroup taking as reference the mean RTA of the control group. After that, we calculated how many cases reported a reduction of at least a percentage value equivalent to a referent threshold included between 0% and -90% decreasing the threshold value of 10% each time. We evaluated for each treated subgroup if there was a linear relationship between the threshold values of the percentage reduction of the mean RTA and the number of cases reporting a percentage reduction of the mean RTA equal or greater to each threshold value and calculated the linear regression line equation. We researched in the literature data the percentage of partial response according to the RECIST criteria reported for each chemotherapy protocol tested in xenotransplanted zebrafish embryos. Then, using the linear regression line equation, we calculated for each protocol the expected percentage RTA reduction (theoretically the percentage of RTA reduction reported in a percentage of cases in test with xenotransplanted zebrafish embryos equal to the percentage of partial response reported in literature) with the following formula: expected percentage reduction of the mean RTA = (percentage of PR reported in literature – qlinear regression line equation)/mlinear regression line equation. Then, for each chemotherapy protocol we calculated the mean value of the expected percentage reduction of the mean RTA in treated xenotransplanted zebrafish embryos corresponding to a partial response in oncological patient and compared them.

Xenografts imaging and quantification
All xenografts were imaged by fluorescence Nikon Eclipse E600 microscope to monitor the RTA and analyzed using ImageJ software. For the volumetric analysis of the nuclei the images were acquired by using a Nikon A1 confocal microscope with a 5 μm z-stacks. The quantifications were performed using the 3D Objects Counter function of ImageJ software.

Formalin-Fixed Paraffin Embedded samples preparation of Xenografts 
Histological analysis: Two days post treatment zebrafish patient-derived xenografts (zPDX) were sampled for histopathological examination. Briefly, the embryos were fixed in 10% neutral buffered Formalin and dehydrated through increasing ethanol scale. Then the zPDX were embedded after immersion in liquid paraffin at 60 C for 2 h. The Formalin-Fixed Paraffin Embedded (FFPE) were sectioned at 3 m-thick, then rehydrated using xylene and ethanol solutions. Finally, zPDX sections were stained with hematoxylin and eosin for morphological analysis.

Immunohistochemistry: The expression of Pan-Cytokeratin proteins (PanCKs) was examined using immunohistochemistry in the preclinical models. FFPE sections were hydrated. Antigen retrieval was performed through soaking 3 times for 3 min in 10 mmol/L citrate buffer pH 6 at 96 °C. The sections were treated for endogenous peroxidase quenching, by incubating the specimens in a 3% H2O2 solution at room temperature in the dark for 15 min. Samples were incubated with monoclonal mouse anti-human PanCK antibody at 1:100 dilution for 1 h and stained with avidin-biotinperoxidase complex (Ventana system). The sections were counterstained with hematoxylin. Positive cells were identified through brown color visualization.

Statistical analysis
We used GraphPad Prism 7 as statistical analysis software. Data analysis was performed by ANOVA, followed by Bonferroni correction or Dunnett's post-hoc test. Statistical significance was set to 5%.
Continuous variables with normal distribution are expressed as mean ± SD and compared using t test. The statistical analysis was performed using SPSS (Statistical Production and Service Solution for Windows, SPSS Inc., Chicago, IL, United States), version 23.

RESULTS
Between July 2018 to October 2019, a total of 15 patients with PDAC were enrolled. Patients characteristics are summarized in Table 1. Of these 15 patients, 8 (53.3%) were male. The mean age was 71.2 ± 9.9 years (range 44.1-83.2) and the mean BMI was 26.4 ± 5.1 kg/m2 (range 17.6-40.4). The mean preoperative Ca 19.9 was 347.1 ± 543.0 U/mL (range 1.7-2094) and it was increased in 12/15 (80%) patients. A pancreatoduodenectomy was performed in 11/15 (73.3%) patients, a distal splenopancreatectomy in 3/15 patients (20%) and a total splenopancreatectomy in 1/15 (6.7%) patients. An associated vascular resection was performed in 4/15 (26.7%) patients: a venous resection in 3 cases and resection of the celiac trunk in 1 case. No intra-operative complications were reported, and, in all cases, it was possible to take a fragment of the tumor from the surgical specimen for the xenotransplantation in the zebrafish embryos. The histological examination confirmed the presence of a PDAC in all cases. A moderately differentiated adenocarcinoma (G2/3) was reported in 11/15 (73.3%) cases, while a poorly differentiated adenocarcinoma (G3/3) was reported in 4/15 (26.7%) cases. The mean diameter of the pancreatic neoplasia was 3.3 ± 1.2 cm (range 1.5-5.0). The mean number of harvested lymph nodes was 40.6 ± 18.0 (range 19-74), while the mean number of positive lymph nodes was 5.7 ± 6.0 (range 0-22). The presence of positive lymph nodes was documented in 14/15 (93.3%) patients: a N1 status was reported in 7/15 (46.7%) patients, while a N2 status was reported in 7/15 (46.7%) patients. The presence of perineural infiltration was reported in 11/15 (73.3%) patients, while the angioinvasion was reported in 2/15 (13.3%) patients. In 2/4 cases of vascular resection the histological examination confirmed the presence of vascular infiltration.

Results of tests with zebrafish embryos
Tumor tissue was successfully engrafted in healthy zebrafish embryos in all cases (Figure 2). The volumetric analysis of the volume occupied by the nuclei of the patient’s tumor fragment inoculated in the zebrafish embryos revealed a volume of 6411 ± 10.96 μm3 (mean ± SEM) derived from two embryos xenotransplanted with different patient’s tumors. Considering a diameter of 6 µm for a typical mammalian nucleus, this value corresponds to about 60 cells per xenotransplant. We calculated the percentage of epithelial cells (mean PDAC counterpart) out of the total surface area (31.8% ± 4.9%, n = 3, Figure 2D). The mean survival rate of xenotransplanted zebrafish embryos was 71.5% at 1 dpi and 52.4% at 2 dpi (Table 2). In absence of chemotherapy (control group), the Dil-stained areas showed a statistically significant increase over time in all cases, while we observed a tendency to a reduction of the mean RTA in treated subgroups. In Figure 3 it is possible to observe the alteration due to the chemotherapy of xenotransplanted cells of some treated xenotransplanted zebrafish embryos. The mean RTA of each subgroup and the differences of the mean RTA between the control group and the treated subgroups are reported in Table 3. The analysis of the mean RTA revealed a statistically significant reduction of the mean RTA in the treated subgroups for at least one chemotherapy scheme in 6/15 (40%) cases (Figure 4). The percentage reduction of the mean RTA in each treated subgroup, taking as reference the mean RTA of the control group, is reported in Table 4.
Table 5 shows how many cases in each subgroup presented a percentage reduction of the mean RTA equal or greater to each threshold value in comparison to the control group. The analysis of percentage reduction of the RTA in the treated subgroups, compared to the control group, revealed the presence of a linear relation in each subgroup between the percentage reduction of the RTA and the number of cases reporting at least each percentage threshold considered for the analysis (Figure 5). The linear regression line equations for each subgroup are reported in Figure 5. Using the linear regression line equations, we calculated the expected RTA reduction corresponding to the percentage of partial response reported in the literature for each chemotherapy scheme administered to each treated subgroup. Data are reported in Table 6. The mean conversion factor calculated was -60.4% for FOLFOXIRI, -59.3% for GEM-nab/P, -62.4% for GEMOX, and -63.7% for GEM (P = 0.626).

DISCUSSION
In the last decade, patient-derived xenograft model has emerged as an important tool for translational research, retaining much of the complexity of the tumor microenvironment and heterogeneity of the original tumor in an individual patient, and representing the first step towards personalized medicine[22]. Different patients-derived tumor models, both in vitro and in vivo, have been developed. Organoid cultures were a major breakthrough in the in vitro culture of tumor cells from patients, becoming the most attractive tool to be used as an in vitro screening platform. Recently, this technique was further developed to generate organoids from patient-derived cancer tissues[23]. However, only few retrospective studies correlated patient clinical outcomes with organoid drug response[24-26]. Moreover, the use of organoids has some limitations in comparison to the zebrafish model. First of all, the initial organoid generation requires 4-5 wk[23,27], which is border line for the time frame needed to guide first clinical decisions. Moreover, for the lack of stromal components, these models lack many complex interactions observed in the TME or in a living organism and do not allow, for instance, the evaluation of the metastatic or angiogenic potential[23]. PDX into immunodeficient mice has been considered the gold standard model for assessing pre-clinical efficacy of cancer drugs. The methodology of initiation and propagation consists in sectioning the fresh surgical tissue into about 3 mm3 pieces, followed by subcutaneous or orthotopic implantation into the flank of an immunodeficient mouse. During the engraftment phase, tumors are allowed to establish and grow and then are harvested upon reaching a size of 1500 mm3. Similar protocols are employed for subsequent expansion cohort and treatment cohort[28]. Despite this preclinical model more closely recapitulate the heterogeneity of human tumors, there are inherent limitations. For example, mice are expensive and require large vivarium space, limiting the scale of experimentation. Moreover, the tumor propagation required a long amount of time, resulting in several genetic, pathological, histological and micro-environmental niche changes, that may not mirror the patient’s tumor accurately. Mice are also furred, and is not possible to image disseminated cancer cells throughout the whole animal[29]. To address these issues, have been developed zebrafish xenograft transplantation approaches to engraft human cancers into two days post fertilization zebrafish embryos at a stage prior to the development of the adaptive immune system[15]. Moreover, both in organoids and in mPDX, to amplify tumor tissue to obtain enough material for chemoresponse analysis, the cells are subjected to a strong selection pressure, diverging from the original tumor[30]. For our purpose, we do not need cell expansion, instead we directly observe the drug response of human tumor material xenotransplanted in zebrafish embryos. We believe that this is an appeal of zebrafish xenotransplantation and not a limitation.
When compared to other vertebrate model systems, zebrafish embryos offer several advantages. The short generation time, the large number of offspring, transparency (enabling noninvasive imaging), the external development of the embryos and the small size make zebrafish a more practical and less expensive laboratory system than other in vivo cancer models[31]. The appeal of zebrafish xenograft lies also in the possibility to overcome some drawbacks of murine xenograft, such as the larger number of tumor cells needed (about 1 million), the long time required (from several weeks to months) to have a visible tumor implant, the need of immunosuppressed animals to avoid transplant rejection and the high difficulties to generate mouse xenotransplant models able to metastasize[32]. The patients-derived zebrafish avatars do not require tumor cell expansion and the results of the chemosensitivity assay can be obtained in just few days. Previously study with different tumor type (patient derived gastric xenografts) demonstrate sensitivity to chemotherapy after 2 d post treatment[33]. The difference in time scale of the assay is not due to the fast zebrafish’s biology, but rather because zebrafish larvae are 10000 times smaller than adult mice therefore they require reduced cells number to perform the injection (ranging from 500 to 5000 cells in each zebrafish embryo instead of 1 × 106 in the mouse). A lower quantity of PDAC cells let to perform a higher number of xenograft that provide powerful statistical analysis[23,34]. All these aspects make possible to evaluate an evident effect of chemotherapy in just few days.
Zebrafish transplantation models offer the possibility to study many hallmarks of cancer and steps of cancer progression, such as self-renewal, tumor-induced angiogenesis, invasion and dissemination, interaction between tumor and host, and drug responses[4]. In fact, several studies have exemplified the potential of zebrafish models as transplantation metastatic models or to contribute more significantly and directly to precision oncology through identifying and testing drugs for targeted inhibition of specific pathways/alterations by utilizing zebrafish as an in vivo drug screening platform. In fact, zebrafish model has some advantages. Firstly, the aquatic environment of the zebrafish means that many drugs (depending on solubility) can be added directly to the embryo water and absorbed through the fish, avoiding the burden of administering drug to each individual animal[35]. However, it is absolutely essential to determine the toxicity curve for each compound before embarking on xenograft studies and following completion of toxicity curves and in this setting drug toxicity can be easily evaluated in zebrafish. Indeed, xenografted zebrafish can be exposed to the appropriate concentration of drug and observed over time for cancer progression, in terms of cell proliferation, migration and angiogenesis[32]. In this regard, we have performed a safety study with the calculation of the ED human to fish able to impair the increase of the mean RTA of xenotransplanted tumor tissue in zebrafish embryos[20]. As reported in our initial experience, an ED = 5 was effective both for cancer cell lines and for tumor tissue xenotransplanted in zebrafish embryos. Therefore, in this analysis we used this ED in the tests performed with pancreatic tissue directly xenotransplanted in the zebrafish embryos.
To date, very few authors have used zebrafish embryos to test new drugs after xenotransplantation of pancreatic cancer tissue. Weiss and colleagues used zebrafish embryos as a patient-derived transplantation model of metastasis for pancreatic cancer[16]. They transplanted pancreatic carcinoma cells and resected specimens of human pancreatic carcinoma into zebrafish embryos and the model was used to demonstrate the in vivo anti-metastatic activity of retinoid acid receptor antagonists, following the identification of the retinoid acid target miR-10A as a key mediator of metastasis in pancreatic cancer. Also, Guo et al[17] used the pancreatic adenocarcinoma xenograft model in zebrafish embryos evaluating their possible use for the screening of new anti-cancer compounds. They found that a known small molecule inhibitor, U0126, targeting the KRAS signaling pathway, represses proliferation and migration of the transplanted of Mia PaCa-2 cells in zebrafish larvae[17]. Due to the permeability of zebrafish embryos to small molecules, a number of compounds can be added directly to the embryo water, and Guo et al[17] dissolved the drug treatment, U0126, in DMSO and added it directly to the water, as we performed in our study. The results reported by Guo et al[17] suggest that zebrafish larvae as xenotransplantation model of pancreatic cancer is useful for facilitating in vivo drug screening and identification of new anti-pancreatic cancer compounds. Instead, in our experience, we tested the different chemotherapy schemes already used for the treatment of pancreatic cancer in the common clinical practice in order to evaluate if the zebrafish model could be used for the definition of a personalized treatment plan for each patient with pancreatic cancer. The idea of precision oncology is that in the future primary specimens from patients diagnosed with cancer could be xenotransplanted in zebrafish embryos to test the responses of the patient cancer cells to various available drugs and the output of the test, obtainable in a few days, will dictate the most effective treatment for the individual patient. The application of the zebrafish model to precision oncology is still in its infancy, and there are not yet examples of direct use of zebrafish to guide patient-specific cancer treatments in clinical practice. However, this field has matured enough to move towards this aim in the near future. Modeling cancer in zebrafish has provided important insights that contribute to the development of precision oncology as well as straightforward examples of advantages and feasibility of direct clinical utilization[36]. As reported by different studies, it is possible to xenotransplant in zebrafish embryos tumor cells from cancer cell lines[32] and preliminary studies about the possibility of a direct, real-time application of zebrafish xenograft models in clinical practice suggests the possibility to use zebrafish embryos for a precision oncology[37]. However, in order to obtain a tool for precision medicine and personalized medicine, it is important to transplant primary cancer cells from biopsy or surgical specimen. In fact, studies with the use of commercially available cells lines are criticized because the results gleaned do not always correlate with those found in primary cancers[32]. In fact cell lines do not capture the heterogeneity that exists within a given cancer because clones with a higher proliferative rate than that of the primary tumor are selected during the process of adaptation, and thus they could not be really representative of the cancer cell population[38]. However, the experience with pancreatic tissue is limited. Marques et al. described the first use of primary patient material as the transplanted tissue using small samples from pancreas, colon and stomach adenocarcinomas[15]. Pancreatic tumor fragments showed invasion and migration in the developing zebrafish and, comparing the non-invasive pancreatitis tissue xenografted with those from infiltrating pancreatic adenocarcinoma, only the latter invaded the embryos[15]. Guo et al[17] used cells acquired from culture dishes using a non-enzymatic cell-lifting solution and injected approximately 100-200 cancer cells labeled with CM-DiI into the perivitelline cavity of each zebrafish. Instead in our experience, in order to preserve the tumor micro-environment, we decided to xenotransplant fresh tissue fragments, by modifying the protocol published by Marques et al[15]. Our data confirmed the possibility to xenotransplant tumor cells taken directly from the tumor tissue of each patient, obtaining a model for testing the sensibility to the different chemotherapies associated with the specific alterations present in the tumor of each patient. In fact, in all cases of the control group the tumor area increased at 1 dpi and 2 dpi.
Very few studies evaluate the use of zebrafish embryos for personalized medicine and passaging to the best of our knowledge there are no results in literature of treatment correlation between zebrafish xenografts and matched PDAC patients. However a preclinical human cancer xenotransplantation platform has been recently developed in zebrafish to inform therapeutic decisions in patients with T-cell acute lymphoblastic leukemia[37]. Moreover, a retrospective study with zPDXs from multiple myeloma cells, demonstrate that zPDXs showed a response equivalent to patient’s clinical outcome[39]. Similarly, Wu et al[33] showed a retrospective correlation with one gastric tumor patient clinical outcome. In 2017 Fior et al[34] performed a retrospective study, showing that colorectal patient’s avatars are predictive of patient clinical outcome in 4 out 5 patients (80%). These results bode well for our co-clinical trial (NCT03668418). Our study is the first one that evaluate the use of zebrafish embryos as avatar for patients affected by pancreatic cancer. Preliminary results are encouraging. Indeed, in all cases the tumor cells successfully engrafted in the xenotransplanted zebrafish embryos and the mean xenotransplanted zebrafish embryos survival rate was 71.5% at 1 dpi but decreased at 52.4% at 2 dpi, probably due to the high invasiveness of the tumor xenografts and the everyday embryo anesthetization and manipulation to image the tumor. Comparing directly the mean RTA between the treated subgroups and the control group we obtained a statistically significant reduction of the mean RTA in the treated subgroups for at least one chemotherapy scheme in only 6/15 (40%) cases. Moreover, due to the too short follow-up of the enrolled patients and the consequent absence of clinical data of response to chemotherapy treatments, we tried to use the RECIST criteria in the experiment with the xenotransplanted zebrafish embryos, with the intent to use an objective parameter in the evaluation of the robustness of our model. In this way, we evaluate if the results of the tests with the different chemotherapy scheme could be in accordance with data reported in large number of series published in literature. We evaluated the percentage of the mean RTA reduction in the treated subgroups in comparison to the control group for each case, reporting interesting results. First of all, we reported for each chemotherapy scheme tested the presence of a linear relationship between each threshold of the percentage reduction of the mean RTA and the number of cases in which we reported the mean RTA reduction at least for a percentage equal or greater to the threshold value. Interestingly, the FOLFOXIRI scheme resulted the most efficacious in accordance with data reported in the literature in the common clinical practice for the treatment of patients with PDAC[7,40-45]. Moreover, using the linear regression line equation, we calculated a conversion factor for each chemotherapy scheme evaluating the percentage reduction of the mean RTA in each treated subgroup corresponding to the percentage of patients with a partial response after chemotherapy treatment reported in literature. Interestingly, the conversion factor value calculated for each chemotherapy scheme resulted similar to the other ones with a value ranging between -63.7% and -59.3%. So, we can hypothesize that our model reflects the different efficacy of the various chemotherapy schemes used for the treatment of patients affected by PDAC. In fact, we obtained different percentage reductions of the mean RTA and different linear regression lines for each treated subgroup and these data are in accordance with the different efficacy reported in literature of the various chemotherapy schemes used in the common clinical practice. In fact, we reported the same conversion factor in all subgroups. Naturally these are preliminary data and we do not have confirming data from the chemotherapy treatment of the patients enrolled because of the too short follow-up. We know that this comparison has important limitations and could not replace the comparison with data obtainable with the follow-up of the enrolled patients. We performed this analysis only to give an initial assessment of the reliability of our model. However, taking in consideration the previous premises, these preliminary results are encouraging because first of all they confirmed the possibility to successfully xenotransplant directly the tumor tissue in the zebrafish embryos. Moreover, we observed the effect of the chemotherapy on the xenotransplanted tumor tissue with the possibility to use the zebrafish embryos as a model to predict the possible efficacy of the chemotherapy treatment. The correlation between these data and the real clinical response to adjuvant chemotherapy will be essential to determine the possible role of our model in predicting the efficacy of the chemotherapy scheme administered to patients with PDAC. A co-clinical trial (NCT00070213) is underway in our institution and will be object of further publication.
In conclusion, the described model appears to be an effective, usable and not expensive model for the xenotransplantation of pancreatic tumor tissue and for the evaluation of the efficacy of the different chemotherapy schemes available for the treatment of patients with PDAC. This could open a new frontier to personalized medicine because the results of the tests obtained in our model in the xenotransplanted zebrafish embryos could reflect the clinical course of the patients’ medical history, and such an approach might improve the evaluation of the patient’s prognosis and the identification of the most appropriate individualized therapy.

ARTICLE HIGHLIGHTS
Research background
The response of patients with pancreatic ductal adenocarcinoma (PDAC) to the different chemotherapy schemes is difficult to predict. The concept of precision medicine has emerged recently with the objective to tailor the medical treatment to the individual characteristics of each patient, and particularly to the tumor biology of each patient.

Research motivation
Recently, the use of zebrafish as avatar for oncological patients has gained popularity. However, only preliminary studies were conducted with patient-derived pancreatic cancer cells or tissue. 

Research objectives
The aim of this study is to evaluate the usability of zebrafish embryos as a model possibly simple, not expensive and diffusible, that could be used as avatar for patients affected by PDAC, to predict the efficacy of the different chemotherapy schemes and the clinical response to the treatment.

Research methods
A fragment of the tumor was taken from the surgical specimen and sectioned into about 3 mm3 pieces for DiI staining. Small pieces of stained tissue were xenotransplanted into the yolk of n = 100 zebrafish embryos 2 dpf. The zebrafish xenografts were incubated at 35°C with the presence or absence of drugs (GEM, GEMOX, GEM/nab-P, FOLFOXIRI) dissolved in fish water, using the equivalent dose (ED = 5). Firstly, we compared the mean relative tumor area (RTA) between each treated subgroup and the control group. Secondly, we evaluated the percentage reduction of the mean RTA (PRmRTA) in each treated subgroup in comparison to the control group, evaluating the presence of a linear relationship between each threshold value of the PRmRTA and the number of cases reporting a PRmRTA equal or greater to each threshold value. Using the linear regression line equation, we calculated for each protocol the expected percentage RTA reduction with the following formula: expected percentage reduction of the mean RTA = (percentage of PR reported in literature – qlinear regression line equation)/mlinear regression line equation. For each chemotherapy protocol, we calculated the mean value of the expected PRmRTA and compared each other’s.

Research results
In the control group the Dil-stained areas showed a statistically significant increase over time in all cases, while a tendency to a reduction of the mean RTA was observed in treated subgroups, with a statistically significant reduction of the mean RTA for at least one chemotherapy scheme in 6/15 (40%) cases. The presence of a linear relation between the percentage reduction of the RTA and the number of cases reporting at least each percentage threshold was observed in each subgroup. The mean conversion factor was -60.4% for FOLFOXIRI, -59.3% for GEM-nab/P, -62.4% for GEMOX, and -63.7% for GEM (P = 0.626).

Research conclusions
This study provides a simple, reliant and not expensive PDAC patients-derived xenograft model for the rapid pre-clinical evaluation of the efficacy of different chemotherapy schemes available for the treatment of each individual PDAC patient’s case.

Research perspectives
Our model seems to reflect the clinical response rate reported in literature. However, to determinate the possible capability of our model in predicting the efficacy of the chemotherapy scheme administered to patients with PDAC, it is necessary to evaluate the correlation between these data and the real clinical response to adjuvant chemotherapy on patients. A co-clinical trial (NCT00070213) is underway in our institution and will be object of further publication.
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Figure Legends
[image: ]Figure 1 Protocol used for the evaluation of the chemotherapy drugs efficacy. A piece of pancreatic ductal adenocarcinoma tumor tissue is injected into the yolk sac of zebrafish embryos 2 dpf. At 2 h post injection (hpi) the embryos are imaged and exposed to chemotherapy for 2 d. A and B: On the right panel a representative image of control embryos after 2 hpi and 2 dpi; C and D: On the right panel a representative image of treated embryos after 2 hpi and 2 dpi. Qualitatively images show the increased of fluorescent area in control group versus the regression in xenotransplanted embryos treated with chemotherapy.
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Figure 2 Tumor tissue was successfully engrafted in healthy zebrafish embryos in all cases. A: Surgical specimen was obtained from patient with diagnosed pancreatic ductal adenocarcinoma (PDAC); B: Two fragments of the tumor were taken; C and D: One of them was used for histological evaluation (C) revealing that the percentage of epithelial cells (mean PDAC counterpart) out of the total surface area is 31.8% ± 4.9% (n = 3) (D); E: The second fragment of the tumor was used for xenotransplantation into the yolk of zebrafish embryos 2 dpf. After 2 d post xenotransplantation, the zebrafish patient-derived xenografts (zPDX) are Formalin-Fixed Paraffin Embedded. We performed the hematoxylin and eosin staining and immunohistochemistry using anti-Human Pan-Cytokeratin antibody on zPDX sections, highlighting the presence of epithelial PDAC cells (red arrows) and the immune-negative counterpart (black arrows) that might be associated with the microenvironment side of PDAC human tissue. PDAC: Pancreatic ductal adenocarcinoma; PDX: Patient-derived xenografts; PanCK: Pan-Cytokeratin antibody.
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Figure 3 Representative hematoxylin and eosin stained sections of zebrafish patient-derived xenografts. Visible morphologic alteration of the human pancreatic ductal adenocarcinoma nuclei (red arrows) in zebrafish patient-derived xenografts exposed to Gemcitabine + nab-Paclitaxel and 5-Fluorouracil + Folinic acid + Oxaliplatin + Irinotecan could be associated with a chemotherapy damage. Control group shows normal nuclei (black arrows). GEM/nab-P: Gemcitabine + nab-Paclitaxel; FOLFOXIRI: 5-Fluorouracil + Folinic acid + Oxaliplatin + Irinotecan.
[image: ]
Figure 4 Cases with a statistically significant reduction of the mean relative tumor area for at least one chemotherapy scheme (the code below each diagram corresponds to the case number). Results are expressed as average ± SEM, aP < 0.05, 1-way ANOVA followed by Dunnett’s multiple comparisons test. Control group shows normal nuclei (black arrows). GEM: Gemcitabine; GEMOX: Gemcitabine + Oxaliplatin; GEM/nab-P: Gemcitabine + nab-Paclitaxel; FOLFOXIRI: 5-Fluorouracil + Folinic acid + Oxaliplatin + Irinotecan.
[image: ]
Figure 5 Percentage of cases with a percentage reduction of mean relative tumor area equal or greater to each threshold value. RTA: relative tumor area; Control group shows normal nuclei (black arrows). k: Control group; GEM: Gemcitabine; GEMOX: Gemcitabine + Oxaliplatin; GEM/nab-P: Gemcitabine + nab-Paclitaxel; FOLFOXIRI: 5-Fluorouracil + Folinic acid + Oxaliplatin + Irinotecan.


Table 1 Patients characteristics (n = 15)
	Characteristics
	

	Mean age, years ± SD
	71.2 ± 9.9 (44.1-83.2)

	M:F, n (%)
	8:7 (53.3:46.7)

	Mean BMI, kg/m2 ± SD
	26.4 ± 5.1 (17.6-40.4)

	Ca 19.9, U/mL ± SD
	347.1 ± 543.0 (1.7-2094)

	Type of surgical procedure, n (%)
	

	Pancreatoduodenectomy
	11 (73.3)

	Distal splenopancreatectomy
	3 (20)

	Total splenopancreatectomy
	1 (6.7)

	Vascular resection, n (%)
	4 (26.7)

	Grade of differentiation, n (%)
	

	G2/3
	11 (73.3)

	G3/3
	4 (26.7)

	Mean tumour dimension, cm
	3.3 ± 1.2 (1.5-5.0)

	Mean harvest lymph nodes, n
	40.6 ± 18.0 (19-74)

	Mean positive lymph nodes, n
	5.7 ± 6.0 (0-22)

	T status, n (%)
	

	T1
	2 (13.3)

	T2
	7 (46.7)

	T3
	6 (40)

	N status, n (%)
	

	N0
	1 (6.6)

	N1
	7 (46.7)

	N2
	7 (46.7)

	Stage, n (%)
	

	IB
	1 (6.7)

	IIB
	6 (40)

	III
	8 (53.3)

	Angioinvasion, n (%)
	2 (13.3)

	Perineural infiltration, n (%)
	11 (73.4)

	Vascular infiltration, n (%)
	2 (13.3)


BMI: Body mass index; M: Male; F: Female.


Table 2 Survival rate of the xenotransplanted zebrafish embryos
	No. of case
	1 d post injection
	2 d post injection

	
	Control group
	GEM
	GEMOX
	GEM/nab-P
	FOLFOXIRI
	Control group
	GEM
	GEMOX
	GEM/nab-P

	1
	0.909
	0.833
	0.917
	0.917
	0.900
	0.818
	0.667
	0.833
	0.583

	2
	0.417
	0.800
	0.917
	0.667
	0.833
	0.333
	0.583
	0.667
	0.500

	3
	0.833
	1.000
	0.636
	0.917
	0.833
	0.417
	0.818
	0.182
	0.75

	4
	0.682
	0.438
	0.7692
	0.750
	0.647
	0.545
	0.375
	0.692
	0.688

	5
	0.533
	0.750
	0.667
	1.000
	0.555
	0.533
	0.625
	0.267
	0.824

	6
	0.476
	0.429
	0.462
	0.563
	0.688
	0.477
	0.429
	0.462
	0.563

	7
	0.857
	0.692
	0.846
	0.733
	0.688
	0.667
	0.538
	0.615
	0.267

	8
	0.864
	0.533
	0.765
	0.933
	0.588
	0.727
	0.533
	0.539
	0.800

	9
	0.652
	0.471
	0.058
	0.471
	0.556
	0.609
	0.353
	0.059
	0.471

	10
	0.800
	0.611
	0.733
	0.800
	0.800
	0.150
	0.5
	0.667
	0.600

	11
	0.917
	0.923
	1.000
	0.800
	1.000
	0.500
	0.462
	0.571
	0.500

	12
	0.789
	0.75
	0.687
	0.556
	0.529
	0.632
	0.625
	0.312
	0.167

	13
	0.957
	0.824
	0.75
	0.765
	0.833
	0.739
	0.647
	0.500
	0.471

	14
	0.700
	0.467
	0.556
	0.500
	0.333
	0.550
	0.267
	0.278
	0.167

	15
	0.846
	0.786
	0.786
	0.538
	0.833
	0.615
	0.357
	0.429
	0.462

	Mean survival rate
	0.749
	0.687
	0.703
	0.727
	0.708
	0.554
	0.519
	0.471
	0.521


GEM: Gemcitabine; GEMOX: Gemcitabine + Oxaliplatin; GEM/nab-P: Gemcitabine + nab-Paclitaxel; FOLFOXIRI: 5-Fluorouracil + Folinic acid + Oxaliplatin + Irinotecan.



Table 3 Results of exposure to chemotherapy in xenotransplanted zebrafish embryos
	Mean relative tumor area
	Mean difference
	95%CI
	P value

	Control group
	FOLFOXIRI
	GEMOX
	GEM/nab-P
	GEM
	k vs FOLFOXIRI
	k vs GEMOX
	k vs GEM/nab-P
	k vs Gemcitabine
	k vs FOLFOXIRI
	k vs GEMOX
	k vs GEM/nab-P
	k vs Gemcitabine
	k vs FOLFOXIRI
	k vs GEMOX
	k vs GEM/nab-P
	k vs Gemcitabine

	3.026
	0.790
	1.243
	0.988
	1.213
	2.236
	1.784
	2.038
	1.813
	0.286 to 4.187
	-0.167 to 3.734
	-0.047 to 4.123
	-0.198 to 3.823
	0.020
	0.081
	0.057
	0.087

	1.964
	0.755
	1.188
	0.529
	1.674
	1.209
	0.776
	1.435
	0.290
	-0.016 to 2.434
	-0.522 to 2.073
	0.099 to 2.771
	-0.978 to 1.558
	0.054
	0.361
	0.032
	0.936

	1.699
	0.524
	1.599
	1.238
	0.706
	1.175
	0.100
	0.461
	0.993
	-0.026 to 2.376
	-1.348 to 1.548
	-0.645 to 1.567
	-0.113 to 2.099
	0.057
	0.999
	0.659
	0.088

	1.604
	0.951
	1.990
	1.767
	1.013
	0.653
	-0.385
	-0.163
	0.592
	-0.452 to 1.759
	-1.551 to 0.780
	-1.269 to 0.942
	-0.724 to 1.907
	0.381
	0.817
	0.987
	0.616

	2.357
	2.260
	1.689
	1.566
	1.263
	0.097
	0.668
	0.792
	1.094
	-2.112 to 0.261
	-1.363 to 2.700
	-0.679 to 2.262
	-0.479 to 2.668
	>0.990
	0.817
	0.458
	0.244

	2.098
	0.714
	1.423
	1.130
	1.672
	1.384
	0.674
	0.968
	0.426
	-2.112 to 0.261
	-0.826 to 2.175
	-0.411 to 2.346
	-1.075 to 1.926
	0.034
	0.610
	0.236
	0.879

	2.170
	1.663
	1.746
	1.205
	0.965
	0.507
	0.424
	0.966
	1.205
	-2.112 to 0.261
	-0.760 to 1.607
	-0.478 to 2.409
	0.022 to 2.388
	0.560
	0.770
	0.270
	0.040

	1.224
	0.489
	1.802
	1.189
	1.221
	0.735
	-0.578
	0.035
	0.003
	-2.112 to 0.261
	-2.130 to 0.975
	-1.311 to 1.382
	-1.549 to 1.556
	0.730
	0.750
	>0.990
	>0.990

	1.606
	0.710
	0.423
	0.606
	0.945
	0.896
	1.183
	1.000
	0.662
	-2.112 to 0.261
	-0.383 to 2.748
	0.083 to 1.918
	-0.417 to 1.740
	0.057
	0.183
	0.029
	0.342

	1.046
	0.575
	1.037
	0.468
	0.514
	0.471
	0.009
	0.579
	0.533
	-2.112 to 0.261
	-1.094 to 1.113
	-0.557 to 1.714
	-0.586 to 1.650
	0.643
	>0.990
	0.506
	0.563

	2.669
	1.203
	1.207
	1.428
	1.371
	1.466
	1.462
	1.241
	1.298
	-2.112 to 0.261
	-1.407 to 4.331
	-1.326 to 3.807
	-1.268 to 3.864
	0.338
	0.492
	0.537
	0.499

	1.371
	0.852
	0.705
	1.383
	1.077
	0.520
	0.666
	-0.012
	0.294
	-0.667 to 1.706
	-0.775 to 2.107
	-1.452 to 1.429
	-0.774 to 1.363
	0.627
	0.584
	>0.990
	0.888

	1.648
	0.8481
	0.8028
	1.174
	1.273
	0.7996
	0.8449
	0.4737
	0.3748
	0.019 to 1.580
	-0.030 to 1.720
	-0.3717 to 1.319
	-0.471 to 1.220
	0.043
	0.061
	0.433
	0.632

	1.275
	1.704
	0.888
	2.157
	1.683
	-0429
	0.387
	-0.882
	-0.408
	-1.975 to 1.117
	-0.957 to 1.731
	-2.428 to 0.664
	-1.954 to 1.138
	0.879
	0.864
	0.394
	0.896

	1.041
	1.966
	1.167
	0.789
	1.091
	-0.926
	-0.126
	0.252
	-0.050
	-2.112 to 0.261
	-1.356 to 1.104
	-1.035 to 1.539
	-1.281 to 1.180
	0.162
	>0.990
	0.963
	>0.990


k: Control group; GEM: Gemcitabine; GEMOX: Gemcitabine + Oxaliplatin; GEM/nab-P: Gemcitabine + nab-Paclitaxel; FOLFOXIRI: 5-Fluorouracil + Folinic acid + Oxaliplatin + Irinotecan.


Table 4 Percentage reduction of the mean relative tumor area
	No. of case
	k vs FOLFOXIRI (%)
	k vs GEMOX (%)
	k vs Gem/nab-P (%)
	k vs Gemcitabine (%)

	1
	-74
	-59
	-67
	-60

	2
	-62
	-40
	-73
	-15

	3
	-69
	-6
	-27
	-58

	4
	-41
	24
	10
	-37

	5
	-4
	-28
	-34
	-46

	6
	-66
	-32
	-46
	-20

	7
	-23
	-20
	-44
	-56

	8
	-60
	47
	-3
	0

	9
	-56
	-74
	-62
	-41

	10
	-45
	-1
	-55
	-51

	11
	-55
	-55
	-46
	-49

	12
	-38
	-49
	1
	-21

	13
	-49
	-51
	-29
	-23

	14
	34
	-30
	69
	32

	15
	54
	-8
	-38
	-14


k: Control group; GEM: Gemcitabine; GEMOX: Gemcitabine + Oxaliplatin; GEM/nab-P: Gemcitabine + nab-Paclitaxel; FOLFOXIRI: 5-Fluorouracil + Folinic acid + Oxaliplatin + Irinotecan.


Table 5 analysis of the percentage reduction of the mean relative tumor area in the treated subgroups in comparison to the control group
	Threshold value
	Number of cases, n (%)

	
	k vs FOLFOXIRI
	k vs GEMOX
	k vs Gem/nab-P
	k vs Gemcitabine

	-10%
	13 (87)
	13 (87)
	12 (80)
	13 (87)

	-20%
	12 (80)
	10 (67)
	11 (73)
	11 (73)

	-30%
	11 (73)
	8 (53)
	9 (60)
	8 (53)

	-40%
	10 (67)
	6 (40)
	7 (47)
	7 (47)

	-50%
	7 (47)
	5 (33)
	4 (27)
	4 (27)

	-60%
	5 (33)
	1 (7)
	4 (27)
	1 (7)

	-70%
	1 (7)
	1 (7)
	1 (7)
	0 (0)

	-80%
	0 (0)
	0 (0)
	0 (0)
	0 (0)


k: Control group; GEM: Gemcitabine; GEMOX: Gemcitabine + Oxaliplatin; GEM/nab-P: Gemcitabine + nab-Paclitaxel; FOLFOXIRI: 5-Fluorouracil + Folinic acid + Oxaliplatin + Irinotecan.


Table 6 Calculation of the conversion factor for the test with xenotransplanted zebrafish embryos
	
	Study
	Percentage of partial response reported in literature
	Conversion Factor for xenotransplanted zebrafish embryos
	Mean conversion factor (P = 0.626)

	k vs FOLFOXIRI
	Conroy et al[7], 2011 
	31
	-60.1
	-60.4

	
	Tong et al[40], 2018
	35.9
	-56.2
	

	
	Lakatos et al[41], 2017
	18.8
	-69.8
	

	
	Nitsche et al[42], 2015
	42.8
	-50.7
	

	
	Sadot et al[43], 2015
	29
	-61.7
	

	
	Wang et al[44], 2019
	32.3
	-59.1
	

	k vs GEMOX
	Shi et al[46], 2007
	26.8
	-55.2
	-59.3

	
	Li et al[47], 2010
	25
	-56.8
	

	k vs Gem/nab-P
	Von Hoff et al[48], 2013
	23
	-61.3
	-62.4

	
	Casanova-Martinez et al[49], 2018
	20
	-64.0
	

	
	Karasic et al[50], 2019
	21.1
	-63.0
	

	
	Montes et al[51], 2017
	23
	-61.3
	

	k vs Gemcitabine
	Conroy et al[7], 2011
	16
	-63.9
	-63.7

	
	Louvet et al[52], 2005
	17.3
	-62.8
	

	
	Ergun et al[53], 2018
	15.3
	-64.5
	


[bookmark: _GoBack]k: Control group; GEM: Gemcitabine; GEMOX: Gemcitabine + Oxaliplatin; GEM/nab-P: Gemcitabine + nab-Paclitaxel; FOLFOXIRI: 5-Fluorouracil + Folinic acid + Oxaliplatin + Irinotecan.
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