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Abstract
Background: Ketogenic metabolic therapy (KMT) using ketogediets (KD) is emerging as viable

alternative or complementary strategy for managiagcer; however, few clinical trials have been
reported. The present study aimed to evaluate ffeete of a KD in patients with locally advanceddan
metastatic breast cancer receiving chemotherapy.

Methods: A total of 80 patients undergoing treatment valiemotherapy were randomly assigned to KD
or control group for 12 weeks. Concurrent with #ienissionmidway point, and at 12 weeksasting
blood samples were collected for evaluation of insuGF-1, CEA, CA15-3, ESR, CRP, IL-10, and
TNF-a. Sonography for patients with locally advanceceds® and CT or MRI scans for patients with
metastatic disease were done on admission and ate&Rs. At the completion of the chemotherapy,
patients with locally advanced disease underwemnfesy and stage was recalculated. Also patiertts wi
metastases were evaluated for response rate.

Results: TNF-« decreased significantly after 12 weeks of treatm@mb: 0.64 [Cl 95%: -3.7, 5]
P<0.001), while IL-10 increased (MD: 0.95 [CI 95%;3] P < 0.001) in the intervention compared ® th
control group. Patients in the KD group had lowdjuated serum insulin compared to the control group
(MD:-1.1 [CI 95%: -3,1] p < 0.002KD lead to a reduction in tumor size in the KD cargd to
the control (27 vs 6 mm, P=0.013tage decreased significantly in patients wittally advanced
disease in the KD group after 12 weeks (P < 0.0ib).significant differences in response rate were
observed in patients with metastatic disease.

Conclusions:KMT in breast cancer patients might exert bendfiefects through decreasing TNfand
insulin and increasing IL-10. KD may result in atberesponse through reductions in tumor size and
downstaging in patients with locally advanced disedowever, more studies are needed to elucidate t
potential beneficial effects of KD in patients witletastases.

Keywords: Ketogenic diet, ketogenic metabolic tipgrdoreast cancer, response rate, growth factotis, a

inflammatory factor, tumor size
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Introduction

Ketogenic metabolic therapy (KMT) is emerging ann@el complementary or alternative
therapeutic strategy for a broad range of maligraaricers including breast cancer [1-12].
Calorie restriction and low-carbohydrate high-fatdgenic diets (KD) reduce the glucose
needed to drive the Warburg effect while also diegaketone bodies [13, 14]. Hypoxia has
significant effects on pathogenesis, migration, anetastasis in breast cancer. Hypoxia is
associated with the upregulation of glycolysis tleah increase acidification ithe tumor
microenvironment. Hypoxia-inducible factorol(HIF-a) is associated with aggressive growth,
metastasis, and poor response to treatment [15|nt®fest, mean Hlle- expression increases
from 0% in normal breast tissue to 14.9% in DCI8 8n15.7% in invasive breast cancer [15].
With implementation of a KD, Hll-decreased [16].

Cancer cells cannot effectively use ketone bodiesatty acids for ATP synthesis through
oxidative phosphorylation due to defects in the bam structure, and function of their
mitochondria [13, 17]. Moreover, ketone bodies &ty acids cannot be fermented, and thus
cannot effectively replace glucose as an altereaginergy source for cancer [14, 17]. Ketone
bodies inhibit glycolysis which in turn decreases main energy production pathway for cancer
cells [18-20]. Bartmann et al. showed that betarbygbutyrate gHB), the most prevalent
ketone body, could not stimulate breast tumor gnoimt vitro [21]. KD reduces activity in
insulin-like growth factor-1 (IGF-1)/insulin—PI3K-Akt—-mTOR sidimy pathways that have
been shown to be correlated with significant turgmowth [22]. KD reduces the peritumoral
inflammation and edema that facilitates the groeuid metastasis of cancer cells [23]. Hence,
KMT becomes a putative therapeutic strategy foragarg most cancers including breast cancer

[13, 14].
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The objective of this study was to examine theatffeof 12 weeks of KD treatment on response
rate, tumor markers, inflammatory/anti-inflammatonarkers, and growth factors in patients
with locally advanced and metastatic breast carideg.treatment protocol of this trial [24] and
results related to body composition, feasibilitgfesy, glucose, bloo@HB, liver and kidney
markers, have been previously published [8].

Methods

Participants: The study was conducted at the medical oncologyicgliShohada-e Tarjirish
hospital, Cancer Research Center, Tehran, Iran ffolm 2017 to October 2018. All locally
advanced and metastatic breast cancer patientedetihhe ages of 18 and 70 with a biopsy-
proven malignancy and undergoing chemotherapy foleast 12 weeks were evaluated for
inclusion. The study did not include patients walgnificant cardiac, renal or neurologic
comorbidities, or with malnutrition, diabetes, pnagcy, or a Karnofsky index less than 70. All
participants provided written informed consent ptathe study.

This study was a randomized clinical trial with gddel arm design. The study protocol was
approved by the National Nutrition and Food TecbgglResearch Institute (NNFTRI), Shahid
Beheshti University of Medical Sciences (SBMU), :4)] Iran
(IR.SBMU.NNFTRI.REC.1396.187). Patients were rantmu using block balanced
randomization method in a 1:1 ratio into the ingmion (n=40) and control (n=40) groups.
Block size was 6This protocol was computer-generated by a sta@stiwho was not a member
of the patient's medical team. Due to the natured@ft intervention study, blinding the
participants or study personnel was not feasible froject coordinator enrolled and assigned

participants to their interventions.
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A eucaloric medium-chain triglyceride (MCT) baseB® Kcomprised of 6% calories from CHO,
19% from PRO, 20% from MCT, and 55% from FAT) wassigned to the patients in the
intervention group for 90 consecutive days concurvéth the first 12 weeks of chemotherapy.
The calorie requirements and menu were determioecedch patient in consultation with a
nutritionist, prior to the study. Calorie needs &ealculated according to the Mifflin-St. Jeor
formula. Other methods were as we described prelyid8]. The dietary recommendations were
further individualized to enhance patient complenPatients were monitored for compliance
and possible adverse effects and allowed to conkecthutritionist whenever needed. USDA
Standard Reference Database was used to calcbh&teutrient composition of the diet. Each
patient was provided with MCT oil (500 ml) from Mgia (Erlangen, Germany) every two
weeks. To reduce the risk of adverse gastrointgséffects, the MCT dosage was gradually
increased during the first 6 days until reaching rtieximum dose (average of 48 ml daily) then
tapered down after 12 weeks. KD administration alas initiated and terminated in a stepwise
manner. The patients in the control group folloveegstandard diet containing 55% CHO, 15%
protein, and 30% fat. Diet compliance was verifiebugh assessment of blopHB levels and
dietary intake. Therapeutic ketosis was definedeaasmpHB concentrations > 0.3 mmol/l, as
we described previously [25].

Response rate was the primary endpoint of thisystégsessment of secondary endpoints
included insulin, IGF-1, TNFe IL-10, carcinoembryonic antigen (CEA), cancerigaen 15-3
(CA15-3), ESR and CRP.

Clinical and biochemical measurements

Fasting blood sampling for serum insulin, IGF-1, & IL-10, CEA, and CA15-3 was

performed on admission, at the midway point drfdllow-up or 6-week, and at the end (12
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weeks) of the study. Imaging at baseline and ertdeoftudy was performed by a radiologist and
included sonography for locally advanced disea3es€ns for metastases to liver and lung and
MRI for metastases to bone. Restaging was perforimetbcally advanced patients that
underwent surgery following chemotherapy. IGF-1 andulin were measured by ELISA
(Abcam, USA). (Intra-assay CV of <12%). TNFand IL-10 were also measured by ELISA
(Aviscera bioscience, USA) (Intra-assay CV of 184l2or TNF<« and 8-10% for IL-10).
Chemiluminescence was used for quantification oA@EBd CA15-3. CRP was measured using
a Photometry Method via (Roche Hitachi 912, BaSeleden). ESR was evaluated manually.
Status of estrogen receptor (ER), progesteronept@céPR), human epidermal growth factor
receptor 2 (HER2), ki67, and tumor stage were obthifrom patient records. Perineural
invasion (PNI), lymphovascular invasion (LVI), stagalculate accord TNM index (Tumor,
Node, Metastasis), and lymph node score were adtafiom postoperative pathology reports.
Response rate was determined by evaluation of @samgtumor size. Sonography as well as
postoperative pathology reports was used to evatluator size in locally advanced patients.
Statistical methods

Sample size was calculated to detect a 30% diféerém response rate (tumor size) between the
two groups. Considering the 80% power and an alpkal of 0.05, the sample size was
calculated as 30 individuals per group. AssuminZ0% dropout rate during 12 weeks of the
study, the final number of participants needed determined to be 40 patients in each group.
Statistical analysis was carried out according e intention-to-treat protocol. Continuous
variables were tested for normal distribution bg #olmogorov-Smirnov test then reported as
mean * standard deviation or median as appropi&telent t-test or Mann—Whitney U test was

used to compare continuous variables between grabigiegorical data were summarized as
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percentages and analyzed through Chi-square oerFishts. ANOVA was used to evaluate the
differences in the baseline, midpoint, and endpointtime-dependent variables within patient
groups. The ANCOVA test was used to eliminate fifeceof confounding factors.

Data were analyzed using the SPSS version 18.@a@ft(Chicago, IL, USA) and stata version
13. P<0.05 was considered as statistically sigmific Bonferroni correction was applied for
multiple comparisons if appropriate.

Results

Initially, a total of 80 women with breast canceere randomly assigned to the KD group (n =
40) and the control group (n = 40). Thirty patiemsach group completed the study (Fig 1).
Baseline characteristics of the participants aséedi in Tablel. There were no significant
differences between groups with regard to age, eratype, metastasis vs locally advanced
disease, or ER, PR, HER2 status (P > 0.05). Thageaderage nutrient intake at baseline and at
12 weeks are shown in Table 2. There was no sogmifidifference between groups in baseline
variables (protein, carbohydrate, fat and totalrgyeP > 0.05). Despite we did not prescribe a
calorie restricted ketogenic diet, KD group showaedignificant reduction in calorie intake
compared to the control group P < 0.01 .

In our study, 75% of the patients in the KD growmpleted the trial. Based on the standard of
BHB > 0.3 mmol, 89% of all participants who comptetee KD, were considered compliant to
the diet.

Table 3 presents data reflecting patient outcomeéffarent time intervals for each trial arm of
the study. TNFe levels (umol/ml) remained constant over the cooffsie study in the control
group (17.6+ 8.6 to 17.3t 7.3, P = 0.999) but decreased from 24.8.8 to 18+ 8.6 in the KD

group (P < 0.001). The difference between groups significant at the end of the study (P <
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0.001). During the follow-up period, plasma leveldL-10 (ng/ml) increased significantly in the
KD group (from 9.1+ 4.4 to 11.1+4 .7, P < 0.001), but remained unchanged in th&alogroup
(10.4+ 4.5 t0 10.1+ 4.3, P = 0.999). IL-10 levels were significantiglrer in KD group than in
the control group at the end of the study (P < D)0B8lo significant differences were seen for
ESR or CRP either within or between groups.

A significant difference was seen for insulin leséletween the two groups (P < 0.002) after
adjusting for baseline insulin, weight loss, andstnilarities in caloric intake. However, no
significant difference was found between groupsli@iF-1 (P = 0.77) (Table 4). After adjusting
for stage and cancer type (metastatic comparesctdly advanced), significance remained.

A significant decrease in insulin and IGF-1 lewslss also observed in the intervention group at
the end of the study compared to the baseline@®3and P = 0.02, respectively) (Table 4).

The effect (regression coefficient) of time on theécome variables such as insulin, Thnd
IL-10 was significant (P = 0.01 and P = 0,004, @.&1, respectively) .

Changes in tumor markers during the study periedshown in Figure 2. No significant changes
were observed in CEA and CA 15-3 either within etvween groups.

Data regarding the effects of KD on response mafgatients with locally advanced disease are
shown in Table 5. Based on both sonography andofwa reports, at the end of the study
reduction in tumor size was 27 mm in the internvamtgroup compared to 6 mm in the control
group (P <0.01).

Post-surgery PNI and LVI showed no significant eliénces between the two groups. However,
there was a significant decrease in TNM index enKID group compared to the control group at
the endpoint (P < 0.01) (Table 6). The responseimatnetastatic patients showed no significant

difference between the two groups (p = 0.48). In #Dup, 3 patients (bone, lung, lung with
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bone) had progression disease and 2 ( liver, luitly laone) achieved a partial response. In
control group, there were 2 ( liver, bone with tivpartial responses, 4 ( 3 bone, 1 long) stable
disease and 2 ( bone) progression. (Data not shown)

Discussion

This study evaluated the effects KMT on tumor meskdnflammatory/anti-inflammatory
markers, and growth factors as well as responss rat patients with locally advanced and
metastatic breast cancer at a single institutioe. fdind that IL-10 was higher while TNE-
insulin, IGF-1, tumor size, and TNM were lower hetKD group than in the control group. No
significant differences were found between the gson ESR, CRP, CEA, and CA 15-3.

Effect of diet on inflammatory and anti-inflammatory factors

To the best of our knowledge, no prior study hadweated the effects of KMT on TNé&and IL-

10 in cancer patients. In the Paoli study of ovégive males, TNFe showed a significant
decrease in KD subjects; however, no significar@nges were seen for the anti-inflammatory
cytokine IL-10. Consistent with our findings, Klent et al. also found no significant changes in
the CRP levels in 6 cancer patients [26].

Low IL-10 expression is associated with recurrenoetastasis, and poor survival in breast
cancer patients [27]. It is widely accepted thatll exhibits an anti-tumorigenic effect by
downregulating the synthesis of VEGF, IL-1b, TMFHL-6, and MMP-9 needed to sustain the
enhanced angiogenesis that accompanies tumor peigne

Peritumoral inflammation, arising largely from la accumulation in the tumor
microenvironment, is a condition favoring the grbveénd metastasis of cancer cells [14, 28].

TNF-o increases the growth and metastasis of breastecaredls through stimulating the
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expression of mMiIRNA-23b and miRNA-27b, MMP-9 antibition of Nischarin [29]. KD results
in the suppression of TNé-expression via PPARactivation [30].

Effect of diet on growth factors

We found that fasting insulin levels were lowertlve KD group than in the control group. The
trend for IGF-1 in the KD group showed a significalecrease compared to baseline; however,
this trend was not observed in the control groupnsistent with our findings, Cohen and
colleagues found that fasting insulin was lowetha KD group than in the control group, but
levels of IGF-1 were not significantly differenttiaeen the two groups [31]. In contrast with our
results, Klement found no significant differencevien baseline and end of study for insulin
and IGF-1levels [26].

Higher levels of insulin and IGF-1 may predict gher risk of recurrence and mortality in breast
cancer survivors [32-34]. They exert their effetiough PI3K/Akt, Ras/MAPK, and b-catenin
signaling pathways [35-37]. Previously, we showbkdttKD caused a 20 mg/dl decrease in
fasting blood glucose (FBG) and increagétB levels in breast cancer patients [8]. Thus, KD
leads to positive clinical effects by lowering bib@lucose levels with subsequent insulin
reduction in patients with breast cancer.

Effect of diet on tumor markers

After the intervention period, no significant diféemces were seen in CEA and CA 15-3 between
the two groups, confirming the results of a presioeport by Freedland on the effects of low-
carbohydrate diet plus walking in prostate cancdriepts. In that study, no differences were
found in PSA at 3 and 6 month follow-up betweernugo[38]. In Yang's study, elevated levels
of CA15-3 were reported to be associated with argro@rognosis and increased risk of

metastasis [39].

10



244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

Effects of KD on response rate

KD led to a significant decrease in stage and tusipe compared to the control group. The
tumor size in KD group showed a significant redarctcompared to the baseline; reduction in
tumor size was 27 mm in the intervention group careg to 6 mm the control group. Also,
lymph node scores (N1, N2, N3) decreased from beseéb the end of the study in the KD
group. This trend was not seen in the control group

KDs provide an inhospitable microenvironment fon@ar cell growth [40]. The reductions in
tumor size and TNM index may be due to the effdcKD on insulin, FBG, IL-10, TNFe,
oxidative stress and other factors. In our stuBGFand lactate were decreased thus reducing
glycolysis; as a result, response to treatment naag been enhanced.

To date, a number of studies investigating KDs eawlcer have been conducted in metastatic
patients, in our study, no significant differengasresponse rate were observed between the
intervention and control groups. In five patiemghe KD group, one had stable disease, two had
partial response, and three patients showed diggageession. Due to the low sample size and
heterogeneity in previous studies, a statisticahlation of the diet effect on tumor
characteristics was not feasible. Moreover, th@aese rate was higher in patients at a lower
stage and in patients with stable disease comparpdtients with more advanced disease [41].
While some patients had a favorable response &ntent, others showed disease progression.
Due to the heterogeneity of patients in these sfidii is not clear which patients may benefit the
most from KD therapy.

In Schmidt’s study of the effects of a ketogenietdin patients with advanced cancer, the disease
progressed in five patients who then discontinteddiet, whereas five patients who adhered to

the diet throughout the study had stable diseakg [d another study, chemotherapy combined

11
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with KD resulted in tumor regression in five eashage patients; however, this outcome was not
seen for patients with metastatic small cell luagaer [26]. In another trial, progressive disease
was seen in four patients and stable diseasgar{4P].

The difference in the results seen in these studiag be attributed in part to study design,
cancer type, disease duration, and even to eadkidodls’ unique metabolic status. Still,
according to our findings, it appears that the i@ppibn of KD diet therapy in locally advanced
patients may be of greater benefit than in metaspattients. A recent systematic review has
proposed that more high-quality controlled triale reeded to develop the evidence for the use
of KD in clinical practice [43]. Contradictory rdssihave been reported regarding the effect of
BHB on cultured tumor cells, suggesting that theafbn cancer cell growth was dependent on
tumor energetic conditions that support the utilra of BHB as an energy source for oxidative
cells, resulting in faster growth of tumors wittedominantly oxidative cells [44]. It is not clear,
however, how breast cancer cells with defectiveoahibndria could obtain energy from ketone
bodies [14, 45]. Moreover, if tumor cells could dagy acids an@gHB for growth, then water-
only fasting and calorie-restricted KD should aecafe tumor growth [46, 47]. This was clearly
not the case for our patients. According to Bartrtfagre is no association betwepHB or
acetoacetate and breast cancer cell proliferatioesponse to treatment [48]. Previous studies
showed that ketone bodies could inhibit growth ladrga and melanoma cells [19, 49]. In our
study, elevate@HB levels were linked to reduced tumor growth.

Previously we reported the overall survival rateoamlocally advanced patients was higher in
KD compared to the control group [8]. This may héaeen due in part to the increase in IL-10,

decrease in insulin, decrease in TNHFer decrease in the stage of the cancer in thgioDp.
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Despite a nearly century-long history of use, thare still ongoing concerns about the side
effects of KDs. These are widely understood andlydead to discontinuation of the diet; they
should be routinely monitored during clinic visitgat include lab testing of serum chemistries,
blood counts, fasting lipids, and kidneyl/liver ftinon. Some effects are predictable and
preventable; others, such as dehydration and elgietrimbalances, are easily treatable. We
previously reported that no serious complicationsadverse effects were observed in a KD
intervention group [8].

The present study has several strengths. To the dfesur knowledge, this is the first
randomized controlled trial examining the effedt&® on breast cancer patient biomarkers and
tumor size. However, variations in stage and gi@fddne cancers in this population of patients
was a limitation of our study. Future studies sHoalso address ways to better control for
variations between individuals in MCT intake a®tahce issues may account for differences we
observed irBHB levels. Although this study is one of the latgafsits type conducted to date, its
small sample size only allowed for detection ofytaeffects. Hence larger trials that address
these limitations are needed.

Conclusions:

We conclude that application of KMT for 12 week® d¢eave beneficial effects in breast cancer
patients through inhibitory effects on inflammatdmpmarkers and growth factors, and through
enhancement of the anti-inflammatory factor, IL-Olr findings show that a KD results in a
reduction in tumor size and stage in locally adeahisreast cancer patients, possibly by creating
a metabolic environment that inhibits tumor progr@s. However, more studies are needed to
elucidate the potential beneficial effects of KDpattients with metastatic cancer.
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Table 1) Baseline characteristics in breast cancgratients before KMT

Scale Intervention Control P value
categories (Ketogenic diet) (Ordinary)
n=30 n=30

Age; Meart SD year 44.8+ 8.4 45.2+ 15.0 0.91"

Cancer Type Loc Adv 25 (83.3) 19 (63.3) 0.08
Met 5 (16.7) 11 (36.7)

ER positive 22 (73.3) 20 (66.7) 057
negative 8 (26.7) 10 (33.3)

PR positive 15 (50) 18 (60) 0323
negative 15 (50) 12 (40)

HER2 positive 12 (40) 13 (43.3) 0¥79
negative 18 (60) 17 (56.7)

Ki67 positive 8 (33.3) 6 (23.1) 0.22
negative 16 (66.7) 20 (76.9)

Stage 2 14 (46.7) 11 (36.7) 0.67
3 9 (30) 4 (13.3)
4 7 (23.3) 15 (50)

T calculated by independent t-test

*calculated by chi square test

Categorical data shown as n (%)

KMT: Ketogenic Metabolic Therapy

ER: Estrogen receptor

PR: Progesterone receptor

HER2: Human epidermal growth factor receptor 2
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Table 2) 3-day average nutrient intake at baselinand 12-weeks in breast cancer patients

by two trial arms

Variable KD Control

Week 0 Week 12 Week 0 Week 12
Protein (Q) 72(62-79) 57(47-68) 72(47-88) 69(60-86)
Fat (g) 57(50-61) 107(72-123)** 61(50-72) 55(41-61)

Carbohydrate (g)

245(195-270)

22(14-27)*

250(201-277)

210(147-241)

Energy (Kcal/day)

1704(1530-1870)

1263(937-151¢

)1 767(1507-
2033)

1600(1482-1750)

Values are median (percentile 25-78)<¢ 0.01; **P < 0.001 compared with week 12 control

group
KD: Ketogenic diet
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Table 3) Biomarker levels in control and KMT-treated breast cancer patients

Variable Trial arms Baseline Midway point 12 weeks P P P value

value value

12 wks
MP vs 12 vs BL
BL wks
Vs
MP
TNF-a KD 21.9t8.8 1919.1 18t8.6 0.001 1 <0.001
(umol/ml)  Contro 17.6t8.6 16.46 17.37.3 1 021 1
Between MD (95% 4.2 (-0.4,9 2.6 (-2.6,7 0.64 -3.7,5 0.1¢€ 1 <0.001’
groups CI)
IL-10 KD 9.1+4.4 10.64.5 11.%4.7 0.11 0.21 <0.001
(ng/ml) Contro 10.4:4.5 10+4.5 10.1:4.3 1 1 1
Between MD (95% -1.3+3.7,1 1.5(2,3) 0.95 -1,3) 0.7¢ 1 0.001°
groups Cl)
ESR KD 2721 32.1+15 35.1+19 0.9¢ 1 0.2¢
Contro 28.4t16 41.1+23 33.6t15 0.1: 1 0.1¢
Between MD (95% -1.3 -5.8 -1.5 1 047 1
groups Cl) (12.3,9.6) (21.4,4.2) (8.6,11.6)
CRP KD 9+14 1113 12:13 1 1 1
Contro 10+14 18.¢18 14.314 0.1 1 0.1¢

Between MD (95% -1(-9,7) -7 (-17,3 -2 (-10,6 1 03z 1
groups Cl)

BL: Baseline, Midway point: MP*Ifollow-up or 6-week, 12 -weeks or last follow-iD:

Mean Difference, Cl: Confidence Interval, Analysipe: Repeated measure, All p values were
calculated based on Bonferroni correction for nplgticomparisons * Ancova: Adjusted for
base line value KMT: Ketogenic Metabdliterapy KD: Ketogenic Diet
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Table 4) Growth factor levels in control and KMT-treated breast cancer patients

Variable Trial arms Baseline Midway 12 weeks P P P value
point value value 12 wks
MP vs 12 wks vs BL
BL vs MP
Insulin KD 9+6.6 6.16.7 5. %4 0.33 1 0.03

(umol/ml) Control ~ 8.2+7.3 9.#96 6945 081 022 1

Between MD (95% 0.82(-3.4) 1 0.50  0.002
-3(-8,2.6) -1.1(-3.1)

groups Cl)

IGF-1 KD 151+52 14363 13361 0.55 1 0.02

(ng/ml)  Control 14756 13a:34 15@48 1 1 1

Between MD (95% 3.4(-25,33) 4.6(- -16(-47,13) 1 1 0.77

groups Cl) 29,38)

BL: Baseline, Midway point: MP *ifollow-up or week 6 , 12 weeks or last follow-aD:
Mean Difference, Cl: Confidence Interval.

Analysis type: Repeated measure,

All p values were calculated based on Bonferroniezzion for multiple comparisons
* Ancova adjusted for baseline value, weight lasd difference in calorie

KMT: Ketogenic Metabolic Therapy

KD: Ketogenic Diet IGF-1: insulin-Bkgrowth factor-1
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Table 5: Influence of KMT on tumor size in locallyadvanced breast cancer

patients after 12-week

Variable KD Control
Tumor size (mm) baselile  54+27.6 40+27.8
Tumor size (mm) 12- 2725 34+26
week$

A (Changes from base -27 (-34,-10) -6 (-14,17)

line)®

p-value** 0.001 0.12

a: Calculated by independent t test

b: Data shown as mean and SD

c: mean (95% confidence interval)
* Ancova, adjusted for baseline value
**Paired T test

KMT: Ketogenic Metabolic Therapy
KD: Ketogenic diet
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Table 6: Percent and frequency of TNM, LVI and PNlat 12 weeks in breast cancer
patients by two trial arms

Groups Stage LVI PNI

0 1 2 3 4 | positive| negative| positive| negative

KD No 6 3 10 | 3 7 5 14 3 14

Percent 20.7| 10.3| 34.5| 10.3| 24.1| 26.3 73.7 17.6 82.4

control No 0 3 5 5 17 8 12 6 11
Percent O 10 | 16.7| 16.7| 56.7 40 60 35.3 64.7
P-value 0.01* 0.35** 0.26*

* calculated by Exact Fisher
** calculated bychi square test
LVI: Lymphovascular Invasion

PNI: Perineural Invasion
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[ Enrollment ]

Assessed for eligibility (n= 107 )

Excluded (n=27 )
+ Not meeting inclusion criteria (n=14 )

A 4

+ Declined to participate (n=10 )
+ Other reasons (n=3)

Randomized (n=80 )

A { Allocation } v
Allocated to control (n=40) Allocated to KD (n=40)
| |
Did not enroll due to scheduling conflicts (3) Did not accept assignment! to the ketogenic
* diet (2)
Y v
Discontinued: 7 [ Follow-Up J)iscontinued' 8
5: frequent blood samplin :
1: surqgery ping 2:nausea and hypoglycemia( 50mg/dl)
1: diabetes after entering the study g: Yjvr?;t‘:lgetzsrgnmda%uggrirpliant o diet
2. lack of energy and oiliness of the diet
v [ Analysis ] \ 4

Analysed (n=30))

J

Figure 1. Flow diagram of the patient treatment process

KD: Ketogenic diet

Analysed (n=30 )
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Figure 2: Comparison of trend changes in tumor marker ( mean and 95%confidence interval) in breast cancer

patients in two groups
Time 1: Baseline time 2: mid-point or 6-week

intervention: Ketogenic diet

time 3: 12-weeks



