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Abstract
Dysplasia is a histologic precursor of esophageal squamous cell carcinoma (SCC). We previously 
showed that dietary freeze-dried, or lyophilized, strawberry powder inhibits N-
nitrosomethylbenzylamine-induced SCC in the rat esophagus. On the basis of this observation, we 
conducted a randomized (noncomparative) phase II trial in China to investigate the effects of two 
doses of freeze-dried strawberries in patients with esophageal dysplastic lesions in a high-risk area 
for esophageal cancer. We randomly assigned 75 patients identified by endoscopy to have 
dysplastic esophageal premalignant lesions to receive freeze-dried strawberry powder at either 30 
g/d (37 patients) or 60 g/d (38 patients) for six months; the powder was mixed with water and 
drunk. After six months, we assessed the changes in histologic grade of these lesions (primary 
endpoint) in a blinded fashion. The dose of 30 g/d, did not significantly affect histology or any 
other measured parameter. The dose of 60 g/d, however, reduced the histologic grade of dysplastic 
premalignant lesions in 29 (80.6%) of the 36 patients at this dose who were evaluated for histology 
(P < 0.0001). The strawberry powder was well tolerated, with no toxic effects or serious adverse 
events. Strawberries (60 g/d) also reduced protein expression levels of inducible nitric oxide 

Corresponding Author: Tong Chen, Division of Medical Oncology, Department of Internal Medicine, The Ohio State University, 410 
West 12th Ave., Room 302C, Columbus, Ohio 43210. Phone: 614-247-6842; Fax: 614-688-3550; tong.chen@osumc.edu. 
Disclosure of Potential Conflicts of Interest
Dr. Gary Stoner is part owner of BerriProducts, Inc., a company in Corvallis, Oregon that sells freeze-dried berries including 
strawberries.

HHS Public Access
Author manuscript
Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 October 26.

Published in final edited form as:
Cancer Prev Res (Phila). 2012 January ; 5(1): 41–50. doi:10.1158/1940-6207.CAPR-11-0469.

Author M
anuscript

Author M
anuscript

Author M
anuscript

Author M
anuscript







powder was used throughout this trial and was analyzed for content of certain vitamins, 
minerals, phenols, carotenoids, and phytosterols by Covance Laboratories (Table 1).

Intervention procedures and sample collections
This study was approved by the Institutional Review Boards of the Peking Union Medical 
College Hospital, Chinese PLA General Hospital (Beijing, China) and the Ohio State 
University Cancer Center (Columbus, OH). Both males and females were included in the 
trial.

To be eligible for the trial, individuals were required to meet all the following inclusion 
criteria: (i) must be over the age of 40 and give informed consent; (ii) must be diagnosed 
with mild or moderate esophageal dysplasia; (iii) must be able to consume strawberry slurry 
in the span of 5 minutes; and (iv) have no prior history of intolerance or allergy to 
strawberry or strawberry-containing products.

Individuals were excluded from the trial if they met one of the following criteria: (i) with a 
current malignancy identified histologically (with a history of malignancy or with evidence 
of recurrent or persistent disease); (ii) with severe dysplasia; (iii) unable to give informed 
consent; (iv) undergoing chemotherapy or radiation therapy; (v) taking non-steroidal 
antiinflammatory drugs (NSAID) including aspirin and cannot abstain from it due to a 
medical condition; and (v) pregnant or lactating.

Following completion of a detailed questionnaire on smoking/drinking habits and medical 
history, individuals interested in the study and who had the qualifications outlined above 
were asked to participate and sign an informed consent form. For the phase II trial, 
participants first underwent a physical examination and then were randomly assigned into 2 
groups: 30 g/d (15 g × 2) or 60 g/d (30 g × 2) of freeze-dried strawberries (mixed with 240 
mL of water); patients and health care providers were not blinded to treatment assignment. 
The participants were asked to drink the strawberry slurry slowly over a period of time, and 
return the empty bags of strawberries after the berries were taken. Compliance was assessed 
every 2 weeks (self-reports and empty bag counts) by a study associate.

Esophageal biopsies of dysplastic lesions were obtained before and after 6-months of 
strawberry treatment. During the endoscopy, 20 to 30 mL of 1.2% Lugol’s iodine solution 
was sprayed onto the mucosal surface from the gastroesophageal junction to the upper 
pharyngoesophageal sphincter. The dysplastic lesions seemed unstained relative to the 
surrounding normal mucosa. Biopsies were taken from unstained (whitish) areas according 
to the following size in diameter: 5 to 19 mm, 1 biopsy sample; 20 to 39 mm, 2 biopsy 
samples; and 40 mm or more, 3 biopsy samples. One biopsy sample was fixed in 10% 
neutral-buffered formalin for overnight, transferred to PBS, embedded in paraffin, and 
sectioned in 4-µm thickness for histologic evaluation. The other biopsy samples were stored 
in liquid nitrogen and then transferred to a −80°C freezer for subsequent cellular/molecular 
analyses.
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chemopreventive drugs for the prevention of esophageal cancer. On the basis of the 
promising results of this study and our overall program of strawberry research, we propose 
to test strawberries alone and combined with other preventive agents in randomized placebo-
controlled trials in the future.
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Figure 1. 
Trial flow diagram.
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Figure 2. 
Histologic grades of esophageal tissues collected from study participants. A, normal: the 
epithelium is nonkeratinizing and stratified. B, hyperplasia: there is an increase in the 
number of basal cells, but no atypia. C and D, dysplasia: there is an increase in the number 
of basal cells and some of them show nuclear overlapping and hyperchromasia. Mild 
dysplasia (C)—basal cells showing loss of polarity, composing less than 25% of the total 
thickness of the epithelium, and covered by thick squamous cell layer, while moderate 
dysplasia (D)—basal cells showing loss of polarity, composing closer to 50% of the total 
thickness of the epithelium, and with a reduced squamous layer (magnification ×200).
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Figure 3. 
Representative endoscopic images of esophagus before (A1, 2 and B1, 2) and after (A3, 4 
and B3, 4) strawberry treatment. A1, 3 and B1, 3, endoscopic images of esophagus before 
iodine staining. A flat lesion with white patch (white arrows indicated) can be seen in A1, 
B1, and B3, although it is not clear. A2, B2, and B4, endoscopic images of the same lesion 
after iodine staining (white arrows indicated). Well-demarcated unstained mucosal areas are 
clearly observed. The histopathology reports showed that patient A had mild dysplasia (A1 
and 2) before strawberry treatment and these lesions regressed to normal esophagus (A3 and 
4) after strawberry treatment. Normal mucosa is smooth or mildly wrinkled and shows a 
diffuse change to brown with iodine staining (A3 and 4). Patient B had moderate dysplasia 
(B1 and 2) before treatment and mild dysplasia (B3 and 4) after treatment.
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Figure 5. 
Effect of freeze-dried strawberries on cell proliferation (A). Strawberries significantly 
reduced Ki-67 expression after 6-month treatment (B, b) when compared with before 
treatment (B, a; magnification ×200).
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Figure 6. 
Possible mechanisms for the inhibition of esophageal precancerous progression by 
strawberries.
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Table 1

Report of analysis of freeze-dried strawberries

Assay Analysis Units

Sterols

 Cholesterol <1.0 mg/100 g

 Campesterol 1.9 mg/100 g

 Stigmasterol <1.0 mg/100 g

 Beta sitosterol 31.1 mg/100 g

Vitamins

 Vitamin A 51.0 IU/100 g

 Vitamin E (natural) 4.1 IU/100 g

 Vitamin C 488.0 mg/100 g

 Folic acid 0.438 mg/100 g

Phenylpropanoids

 P-coumeric acid 39.8 mg/100 g

 Ferulic acid <5.0 mg/100 g

Minerals

 Calcium 180.0 mg/100 g

 Copper 0.3 mg/100 g

 Iron 4.1 mg/100 g

 Magnesium 125.0 mg/100 g

 Manganese 3.7 mg/100 g

 Phosphorus 244.0 mg/100 g

 Potassium 1,600.0 mg/100 g

 Sodium 17.0 mg/100 g

 Zinc 1.2 mg/100 g

 Selenium 0.0131 mg/100 g

Ginkgo biloba flavones

 Isorphamnetin <7.5 mg/100 g

 Kaempferol 10.9 mg/100 g

 Quercetin 5.12 mg/100 g

 Total ginkgo flavone glycosides 41.0 mg/100 g

Pesticide screen Limit of detection

 Organophosphates, ppm NDa <0.050

 Organonitrogens, ppm NDa <0.500

 Organochlorinated, ppm NDa <0.200

 N-methylcarbamates, ppm NDa <0.100

a
ND = None detected.

Cancer Prev Res (Phila). Author manuscript; available in PMC 2016 October 26.



Author M
anuscript

Author M
anuscript

Author M
anuscript

Author M
anuscript

Chen et al. Page 20

Table 2

Baseline characteristics of participants in this study

No. of participants (%)

Characteristic 60 g/d 30 g/d

No. of participants 38 37

Gender

 Female 21 (55.3) 17 (45.9)

 Male 17 (44.7) 20 (54.1)

Age

 <45 5 (13.2) 1 (2.7)

 45–60 24 (63.2) 25 (67.6)

 >60 9 (23.6) 11 (29.7)

 Range 41–72

Smoking

 Smoker 12 (31.6) 13 (35.1)

 Nonsmoker 26 (68.4) 24 (64.9)

Alcohol drinking

 Drinker 15 (39.5) 16 (43.2)

 Nondrinker 23 (60.5) 21 (56.8)

Family history of esophageal SCC

 Yes 7 (18.4) 5 (13.5)

 No 31 (81.6) 32 (86.5)

Histologic grade of dysplasia

 Mild dysplasia 33 (86.8) 31 (83.8)

 Moderate dysplasia 5 (13.2) 6 (16.2)

Compliance 36 (94.7) 36 (97.3)

Toxicities reported

 Diarrhea 0 1 (0.03)

 None 38 (100) 36 (97.3)
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Table 3

Effect of 60 g (N = 36) or 30 g (N = 36) freeze-dried strawberries on histologic grade of esophageal 
precancerous lesions

Normal Hyperplasia Mild dysplasia Moderate dysplasia

Treatmenta Before/after (%) Before/after (%) Before/after (%) Before/after (%)

30 g 0/2 (5.5) 0/3 (8.3) 30 (83.3)/24 (66.7) 6 (16.7)/7 (19.4)

60 g 0/19 (52.7) 0/9 (25) 31 (86.1)/5 (13.9)b 5 (13.9)/3 (8.3)

a
Daily for 6 months.

b
Significantly lower than before strawberry treatment as determined by the McNemar test (P < 0.0001).
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