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Vemurafenib-resistant BRAF-V600E-mutated melanoma is 
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ABSTRACT
Melanoma is a recalcitrant disease. The present study used a patient-derived 

orthotopic xenograft (PDOX) model of melanoma to test sensitivity to three molecularly-
targeted drugs and one standard chemotherapeutic. A BRAF-V600E-mutant melanoma 
obtained from the right chest wall of a patient was grown orthotopically in the right 
chest wall of nude mice to establish a PDOX model. Two weeks after implantation, 
50 PDOX nude mice were divided into 5 groups: G1, control without treatment; G2, 
vemurafenib (VEM) (30 mg/kg); G3; temozolomide (TEM) (25 mg/kg); G4, trametinib 
(TRA) (0.3 mg/kg); and G5, cobimetinib (COB) (5 mg/kg). Each drug was administered 
orally, daily for 14 consecutive days. Tumor sizes were measured with calipers twice 
a week. On day 14 from initiation of treatment, TRA, an MEK inhibitor, was the only 
agent of the 4 tested that caused tumor regression (P < 0.001 at day 14). In contrast, 
another MEK inhibitor, COB, could slow but not arrest growth or cause regression of 
the melanoma. First-line therapy TEM could slow but not arrest tumor growth or cause 
regression. The patient in this study had a BRAF-V600E-mutant melanoma and would 
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this mutation. However, VEM was not effective. The PDOX model thus helped identify 
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this patient. These results demonstrate the powerful precision of the PDOX model for 
cancer therapy, not achievable by genomic analysis alone.

INTRODUCTION

Melanoma is a recalcitrant cancer. When melanoma 
metastasizes to regional lymph nodes, the 5-year survival 
rate is 29% and when it metastasizes to organs, the 
survival rate is 7% [1]. Although recently-developed 
immuno-therapy has extended survival to some extent, the 
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[2]. Immuno-therapy involving PD-1/PD-L1 blockade has 

had some success with melanoma but is limited by lack 
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to kill the cancer cells within the tumor in the majority of 
patients tested [3]. Dacarbazine and cisplatinum have been 
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Despite progress in melanoma therapy, there is still 
no cure for stage III and IV disease due to drug resistance, 
tumor heterogeneity and an immunosuppressed tumor 
microenvironment [2]. In addition, the presence of melanin 
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appears to interfere with chemotherapy and radiotherapy 
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approaches to melanoma treatment are needed.

Clinically-relevant mouse models of melanoma 
would permit evaluation of tailor-made individualized 
therapy based on the patient-derived tumor. Our laboratory 
pioneered the patient-derived orthotopic xenograft 
(PDOX) nude mouse model with the technique of surgical 
orthotopic implantation (SOI) [6]. Our laboratory has 
developed PDOX model of various types of tumors 
including pancreatic [7–10], breast [11], ovarian [12], 
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sarcoma [19–23]. Recent studies from our laboratory have 
demonstrated that PDOX models can be used to develop 
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many advantages over subcutaneous-transplant models 
which are growing ectopically under the skin [6]. 
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and that a PDOX model of the patient’s tumor is necessary 
for precise individualized therapy.

RESULTS AND DISCUSSION
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(COB), p < 0.0001. However, tumor regression was 
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containing the same types of cells. However, nests of 
cancer cells are seen in the original, but not in the PDOX. 
Also, the original tumor was slightly melanotic, but 
the PDOX tumor did not appear to contain melanin. As 
mentioned above, high levels of melanin in melanoma 
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more effective than COB (p < 0.0001) as discussed above. 
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approval of molecular-targeting agents, such as VEM, COB, 
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Figure 1: Melanoma regression caused by trametinib (TRA) in the PDOX model. (AF�!����
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However, not all melanomas have mutations that are 
targeted by these new agents and not all patients with these 
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predict drug response.

Figure 2: Trametinib (TRA) was the most effective agent against the melanoma PDOX model. Line graph shows relative 
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Figure 3: Histology of the original patient tumor and the untreated control PDOX tumor. !�����	��
������� ����8:;<�
untreated tumor closely matched the patient’s tumor with the cells of both looking very similar. (A) Original patient tumor. (B) Untreated 
control PDOX tumor. See Materials and Methods for details. 
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CONCLUSIONS

In the present study, the PDOX model helped 
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Previously developed concepts and strategies of 
highly selective tumor targeting can take advantage of 
molecular targeting of tumors, including tissue-selective 
therapy which focuses on unique differences between 
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We recently reported that a PDOX model from 
another melanoma patient responded very well to tomur-
targeting Salmonella typhimurium� ="�Q� �#~��� \
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experiments will test the present and other melanoma 
PDOX with Salmonella typhimurium A1-R.

MATERIALS AND METHODS

Mice 

Athymic nu/nu nude mice (AntiCancer Inc., San 
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mouse surgical procedures and imaging were performed 
with the animals anesthetized by subcutaneous injection 
of a ketamine mixture (0.02 ml solution of 20 mg/kg 
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autoclaved laboratory rodent diet. All animal studies 
were conducted in accordance with the principles and 
procedures outlined in the National Institutes of Health 
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Patient-derived tumor 

A 75-year-old female patient was diagnosed with a 
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in the Department of Surgery, University of California, 
Los Angeles (UCLA). Written informed consent was 
provided by the patient, and the Institutional Review 
Board (IRB) of UCLA approved this experiment. 

Establishment of PDOX models of melanoma by 
surgical orthotopic implantation (SOI)

 A fresh sample of the melanoma of the patient was 
obtained and transported immediately to the laboratory 
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5-mm fragments and implanted subcutaneously in nude 
mice. After three weeks, the subcutaneously-implanted 
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subcutaneously-grown tumors were then harvested and 
cut into small fragments (3 mm3). After nude mice were 
anesthetized with the ketamine solution described above, 
a 5-mm skin incision was made on the right chest into 
the chest wall, which was split to make space for the 
melanoma tissue fragment. A single tumor fragment was 
implanted orthotopically into the space to establish the 
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Treatment study design in the PDOX model of 
melanoma 
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(mm3) = length (mm) × width (mm) × width (mm) × 1/2. 
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relative to the initial tumor volume. 
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Tumor histology 
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in xylene and rehydrated in an ethanol series. Hematoxylin 
and eosin (H&E) staining was performed according 
to standard protocols. Histological examination was 
performed with a BHS system microscope. Images were 
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Corporation, Ottawa, Canada). 

Statistical analysis 

JMP version 11.0 was used for all statistical 
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were determined using the Mann-Whitney U test. Line 
graphs expressed average values and error bar showed SD. 
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