The effective use of apple cider vinegar to reduce serum urate levels in patients at risk of Gout (hyperuricaemia) in a New Zealand Centre
Study Description
A randomised controlled trial was performed to test how effective apple cider vinegar was at reducing serum urate levels in patients at risk of gout. Participants with hyperuricaemia (serum urate >0.60 mmol/l) were recruited.
Aims
Primary Aim:
· To test how effective apple cider vinegar was at reducing serum urate levels in patients at risk of gout..

Secondary Aims:

· To define tolerated TKI doses in our population and the frequency of dose adjustments.

· To determine whether toxicities were modified on changing to the alternative TKI.
Study Rationale
Gout is the most prevalent form of inflammatory arthritis and is associated with impaired quality of life. Elevation of serum uric acid levels or hyperuricaemia is essential for the development of gout, the clinical presentation of which includes acute attacks of severe pain and inflammation affecting peripheral joints, most commonly the first metatarsophalangeal joint. Chronic joint damage and tophaceous deposits in the joints and skin are also not uncommon. Renal impairment may also be a consequence of hyperuricaemia. Gouty attacks are triggered by the deposition of monosodium urate (MSU) crystals in joints and periarticular tissues. There is substantial anecdotal evidence for the medicinal properties of vinegar (acetic acid) dating back to ancient times, and apple cider vinegar remains a popular home remedy for gout that is actively promoted in the lay press.

Inclusion Criteria
Participants with hyperuricaemia (serum urate >0.60 mmol/l) were recruited.
age 18-80 years;
serum urate >0.60 mmol/l; 
no dietary intolerance/ allergy to intervention or placebo capsules.
Methods
439 patients were approached in rheumatology outpatients; a total of 300 were recruited; 100 declined to participate and 23 were excluded because they did not meet eligibility criteria. All of the 300 recruited were allocated in equal groups to intervention or placebo; 147 attended the 3 month follow up visit in the placebo arm and 143 in the intervention arm; at the 6 month visit 139 subjects randomised to placebo attended and 140 randomised to the intervention attended the 6 month visit. No one was excluded from analysis.

Clinic visits were performed at baseline, 3 months and 6 months (study close-out) with weekly phone calls for study duration. At the baseline visit, a questionnaire was administered, detailing age, sex, self reported ethnic group, past medical history (number of previous attacks in last 6 months/ ever; previous medication use including use of thiazides, aspirin and salicylates; lifestyle factors including current physical activity, alcohol history including type and quantity of alcohol consumed), family history of gout. A record was made of the number of work days missed due to gout in preceding 6 months; days with reduced family and social activities due to gout in preceding 6 months; number of visits to a health care professional in the 6 months prior; number of urgent health care contacts (phone/ attendance) in 6 months prior; number of hospital admissions in 6 months prior. A gout impact scale questionnaire was performed at baseline and during any self reported flares. 

Participants were randomised to one of 2 groups; apple cider vinegar supplements (400 mg tds) or placebo (dummy capsule). The study will be performed double blinded, with participants and investigators unaware of study allocation. A follow up clinic visit was made at 3 months, when weight was rerecorded, a food frequency questionnaire re-administered, pain diary entries reviewed, and a pill count performed to check compliance. All reports of gouty flare were validated against rheumatology, emergency department and primary care records. 

Weekly phone contact continued until the close out visit at 6 months, when weight was rerecorded, a food frequency questionnaire re-administered, pain diary entries reviewed, and a pill count performed to check compliance. A food frequency questionnaire was repeated. A record was made of the number of work days missed due to gout in preceding 6 months; days with reduced family and social activities due to gout in preceding 6 months; number of visits to a health care professional in the 6 months prior; number of urgent health care contacts (phone/ attendance) in 6 months prior; number of hospital admissions in 6 months prior. Subjects experiencing a flare in gouty arthritis will be managed according to usual clinical practice; if such therapy is felt necessary, the subject was withdrawn from the study at that point. 

. All described toxicities were recorded and attempts were made to grade toxicities using the Common Toxicity Criteria (CTCAE 4.03, June 14, 2010).  Toxicities were graded as grade 3-4 only if this was clearly stated in the clinical documentation or if it was possible to grade toxicities objectively using laboratory values.

Baseline Characteristics
· Gender and age at diagnosis

· self reported ethnic group
· past medical history
number of previous attacks in last 6 months
number of previous attacks ever

previous medication use including use of thiazides, aspirin and salicylates;
· Number of Comorbidities (defined as any of the following: Cardiovascular disease, Respiratory Disease, End-stage Renal Failure, Cerebrovascular Disease, Rheumatological Disease, Diabetes Mellitus, Adrenal Insufficiency)

· lifestyle factors including current physical activity
ECOG performance status (where available
  alcohol history including type and quantity of alcohol consumed
· family history of gout.
Treatment related information

· number of work days missed due to gout
· days with reduced family and social activities due to gout
· number of visits to a health care professional in the 6 months prior
· number of urgent health care contacts (phone/ attendance) in 6 months prior;
· A gout impact scale questionnaire was performed at baseline
during any self reported flares.
A follow up clinic visit was made at 3 months, when
· weight was rerecorded,
·  a food frequency questionnaire re-administered,
·  pain diary entries reviewed, 
· and a pill count performed to check compliance.
· All reports of gouty flare were validated against rheumatology, emergency department and primary care records. 

Weekly phone contact continued until the close out visit at 6 months, when 
· weight was rerecorded, 
· a food frequency questionnaire re-administered, 
· pain diary entries reviewed, 
· and a pill count performed to check compliance. 
· A food frequency questionnaire was repeated. 
· A record was made of the number of work days missed due to gout in preceding 6 months; 
· days with reduced family and social activities due to gout in preceding 6 months;
·  number of visits to a health care professional in the 6 months prior; 
· number of urgent health care contacts (phone/ attendance) in 6 months prior; 
· number of hospital admissions in 6 months prior. 
Subjects experiencing a flare in gouty arthritis will be managed according to usual clinical practice; if such therapy is felt necessary, the subject was withdrawn from the study at that point. 
Results
Figure 1: The table shows the main findings of the study.

	
	Serum urate (Placebo) mmol/l
	Serum urate 

(Cider apple vinegar) mmol/l
	P value (diff)

	Time 0
	0.61
	0.61
	0.90

	Time 3 months
	0.60
	0.58
	0.57

	Time 6 months
	0.59
	0.54
	0.02


Figure 2: Baseline Characteristics of patients who received Serum urate (Cider apple vinegar) and placebo.

	Baseline Characteristics
	Serum urate (Cider apple vinegar) mmol/l 150 patients
	Serum urate (Placebo) mmol/l 150 patients

	Average Baseline serum urate >0.60 mmol/l 
	7/15
	11/25

	Average Age at Diagnosis (years)
	
	

	Gender    Male/Female Ratio
	
	

	Self reported ethnic group NZ European

Maori

Other
	17.2
	10.5

	Average Number of previous attacks in last 6 months
	10/18 (56%)
	18/26 (69%)

	Average Number of previous attacks ever
	9 (50%)
	12 (46%)

	Previous medication use     thiazides

                                      Asprin

                                           salicylates
	
	

	Average number of co-morbidities per patient
	0.72
	0.62

	Average Baseline ECOG (when stated)
	1.5 (10 patients)
	1.3 (15 patients)

	Baseline weight
	
	

	Baseline Alcohol (where available
	
	

	Baseline Alcohol  Type(where available
	
	

	Baseline Alcohol quantity(where available)
	3/16
	6/25

	Family History of Gout
	4/15
	8/25


Figure 3: Treatment Related Information comparing those who received Serum urate (Cider apple vinegar) and placebo.

	Treatment Related Information
	Serum urate 

(Cider apple vinegar) mmol/l (150 patients)
	Serum urate (Placebo) mmol/l (150 patients)

	Prior number of work days missed due to gout

	46.5mg (93%)
	692mg (87%)

	Prior days with reduced family and social activities due to gout
	1
	1.1

	Prior Average number of visits to a health care professional
	0.39
	0.38

	Prior Average number of urgent health care contacts 
	43.1mg (86%)
	 577mg (72%)

	Prior Average number of hospital admissions
	
	


A gout impact scale questionnaire was performed at baseline and during any self reported flares. 

.

Figure 4: Treatment Related Information comparing those who received Serum urate (Cider apple vinegar) and placebo.

	Treatment Related Information

3 months

6 months
	Serum urate 

(Cider apple vinegar) mmol/l (150 patients)
	Serum urate (Placebo) mmol/l (150 patients)

	3 month Average Baseline serum urate >0.60 mmol/l 
	7/15
	11/25

	3 month weight
	
	

	3 month Food frequency questionnaire
	
	

	3 month Pain diary entry review
	
	

	3 month pill count ( check compliance)
	
	

	3 month gout flare check with notes
	
	

	Weekly phone calls
	46.5mg (93%)
	692mg (87%)

	6 month Average Baseline serum urate >0.60 mmol/l 
	7/15
	11/25

	6 month weight
	
	

	6 month Food frequency questionnaire
	
	

	6 month Pain diary entry review
	1
	1.1

	6 month pill count ( check compliance)
	0.39
	0.38

	6 month gout flare check with notes
	43.1mg (86%)
	 577mg (72%)

	Post number of work days missed due to gout

	46.5mg (93%)
	692mg (87%)

	Post days with reduced family and social activities due to gout
	1
	1.1

	Post Average number of visits to a health care professional
	0.39
	0.38

	Post Average number of urgent health care contacts 
	43.1mg (86%)
	 577mg (72%)

	Post Average number of hospital admissions
	
	


Starting Dose of TKI
The recommended dose of each TKI varies according to manufacturer guideline. For Sunitinib, the manufacturer recommends starting patients on 50mg once daily for four weeks, followed by a scheduled two week break. This six week cycle is continued until progression of disease or unacceptable toxicity. The recommendation for Pazopanib is that it is started at 800mg once daily and this is on a continuous basis with no scheduled breaks. For ease of comparison, a relative dose intensity (RDI) was calculated for both drugs. The RDI is calculated by expressing the patient’s dose, relative to the above recommended doses. For example, is a patient is taking Sunitinib 25mg once daily for four weeks, followed by a two week break, their RDI is 0.50 as they are taking 50% of the recommended dose. If another patient is taking Pazopanib 600mg once daily, then their RDI is 0.75 as they are taking 75% of the recommended dose.

In this study, a number of patients were started on a dose which was lower than the manufacturer recommendation. This may have been because the clinician or patient was worried about toxicity which can be difficult to predict. For the 18 patients who started Sunitinib, the average starting dose was 46.5mg which is 93% of the recommended dose. For the 26 patients who started Pazopanib, the average starting dose was 692mg which is 87% of the recommended dose.

Dose Reductions
Dose reductions were common in both treatment groups. Dose reductions that were followed by subsequent dose increases were not counted in the analysis. In the Sunitinib group there were 7 dose reductions in the 18 patients. In Pazopanib group there were 10 dose reductions in the 26 patients. These numbers are almost exactly proportion to the group sizes, meaning that dose reductions were equally common in both groups. It is also worthwhile noting that the average time to the first dose reduction was 1 month in the Sunitinib group, and 1.1 months in the Pazopanib group.

Final Dose
A final dose was assessed for each patient. This was the last dose used prior to cessation on the drug, after dose reductions were made. For the 18 patients who started Sunitinib, the average final dose was 43.1mg which is 86% of the recommended dose. For the 26 patients who started Pazopanib, the average final dose was 577mg which is 72% of the recommended dose. The final dose gives an indication of the extent of dose reductions in each group.

Maximum Tolerable Relative Dose
Where possible, the maximum tolerable dose was calculated for each patient. To determine this, patients had to be on this dose of TKI for greater than one month and were not allowed to have any further dose reductions or cessation of the drug due to toxicity. There were 3 patients in the Sunitinib group and 8 patients in the Pazopanib group for which a maximum tolerable dose could not be calculated as they were not able to tolerate the drug for one month or longer.

Figure 3: Graph showing distribution of Tolerated TKI doses.
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Duration of first line treatment
Figure 4: Graph denoting the length of time that each patient received Sunitinib.
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Figure 5: Graph denoting the length of time that each patient received Pazopanib.
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* Denotes two patients who were continuing on Pazopanib as of 1 June 2016.
Reason for Stopping First Line TKI
The reason for stopping first line treatment was assessed. In some cases it was not possible to determine the reason as it was unclear from the clinical documentation. Notably 12 out of 44 patients stopped the drug due to toxicity, 4 were in the Sunitinib group and 8 were in the Pazopanib group. Two patients in the Pazopanib group were continuing on Pazopanib at the time of analysis.

Figure 6: Table showing the number of patients who stopped TKI treatment and the reason for cessation.

	Reason for Stopping TKI
	Sunitinib
	Pazopanib

	Progression
	11/18 (61%)
	11/26 (42%)

	Toxicity
	4/18 (22%)
	8/26 (31%)

	Unsure/Other
	3/18 (17%)
	5/26 (19%)

	Ongoing
	0/18 (0%)
	*2/26 (8%)


Figure 7: Graph showing the number of patients who stopped TKI treatment and the reasons for cessation.
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Analysis of Patients who stopped First Line TKI due to Toxicity
Figure 8: Information on the 12 patients who stopped their first line TKI due to toxicity.

	1st line TKI
	Toxicities leading to cessation of TKI
	Changed to alternative TKI
	Tolerance of 2nd line TKI if trialed

	Sunitinib
	Major Epistaxis
	No
	

	Sunitinib
	Stroke with dense hemiplegia
	No
	

	Sunitinib
	Unclear (“Toxicity”)
	No
	

	Sunitinib
	Diarrhoea
	Yes – changed to Pazopanib.
	Tolerated Pazopanib.

	Pazopanib
	Hand and Foot Syndrome
	No
	

	Pazopanib
	Diarrhoea
	No
	

	Pazopanib
	Liver Enzymes
	Yes – Changed to Sunitinib.
	Did not tolerate Sunitinib.

	Pazopanib
	Liver Enzymes
	Yes – Changed to Sunitinib.
	Tolerated Sunitinib

	Pazopanib
	Liver Enzymes
	Yes – Changed to Sunitinib.
	Tolerated Sunitinib.

	Pazopanib
	Hand and Foot Syndrome
	Yes – Changed to Sunitinib.
	Tolerate Sunitinib.

	Pazopanib
	Vomiting and Liver Enzymes
	Yes – Changed to Sunitinib.
	Vomited on Sunitinib. Brain metastases diagnosed.

	Pazopanib
	Unclear
	Yes – Changed to Sunitinib.
	Tolerated Sunitinib but progressed rapidly.


The above table (figure 8) shows that more patients stopped Pazopanib due to toxicity than Sunitinib. The table also reveals that from the 7 patients who switched to the alternative TKI, 6 of them switched from Pazopanib to Sunitinib. Derangement of Liver Enzymes appears to be a considerable factor leading to the cessation of Pazopanib.

Identifiable Toxicities
Figure 9: Complete list of identifiable toxicities on first line treatment.

	Identifiable Toxicities during First Line Treatment
	Sunitinib Toxicities (n = 18)
	Pazopanib Toxicities (n = 26)

	
	Any Grade
	Grade 3-4
	Any Grade
	Grade 3-4

	Myelosuppression
	3
	1
	0
	0

	Diarrhoea
	6
	2
	8
	1

	Skin
	4
	0
	2
	0

	Liver Enzyme Derangement
	1
	0
	6
	2

	Fatigue/Malaise
	6
	0
	4
	0

	Hypertension
	4
	3
	8
	7

	Mucousitis
	5
	0
	1
	1

	Hand/Foot Syndrome
	3
	0
	2
	1

	Epistaxis
	2
	1
	1
	0

	Nausea/Vomiting
	5
	0
	8
	1

	Headaches
	0
	0
	1
	0

	Stomatitis
	0
	0
	1
	0

	Total
	39
	7
	42
	13


Figure 10: Graph representing all identifiable toxicities of any grade.
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Figure 11: Graph representing all identifiable grade 3 and 4 toxicities.
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Identifiable Toxicities in the First Line
The above tables (figures 10 and 11) compile the identifiable toxicities of Sunitinib and Pazopanib. It must be noted that there were more patients in the Pazopanib Group, and this explains the higher absolute number of documented toxicities. Proportionally, there is more mucousitis and hand/foot Syndrome in the Sunitinib Group but more Liver Enzyme Derangement in the Pazopanib Group. These results agree with data from the COMPARZ and PISCES trials.1,2 

Hypertension appears to be common toxicity in both groups. There were 12 patients who developed treatment related hypertension. 10 of these patients developed grade 3-4 hypertension. More patients developed hypertension in the Pazopanib group, and more anti-hypertensive agents were started in patients on Pazopanib (13) compared to patients on Sunitinib (5). 

When evaluating the list of grade 3-4 side effects, Hypertension appears to be the predominant toxicity. One explanation for this is that Hypertension can be easily graded in retrospect, but many other toxicities cannot. For this reason, it is likely that other grade 3-4 toxicities were under-reported in this study.

Time to Toxicity
The average time to the first experienced toxicity was around 1.3 months in the Sunitinib group and 1.1 months in the Pazopanib group. The average time to the first grade 3-4 toxicity was 1 month in both groups.

Admissions for treatment related Toxicity
There were four admissions in the Sunitinib group. One patient was admitted following a cerebrovascular accident with dense hemiplegia, one patient was admitted with major epistaxis and two patients were admitted with diarrhoea. There was one admission in the Pazopanib group, which was also for diarrhoea.

Second Line Treatments
Twelve patients stopped first line treatment due to toxicity. Seven of these patients were changed over to the alternative TKI. Strictly speaking, this is not second line treatment, however it will be referred as such for the purpose of this paper. Out of these seven patients, six were changed from Pazopanib to Sunitinib and only one was changed from Sunitinib to Pazopanib.

The solitary patient who was changed from Sunitinib to Pazopanib tolerated Pazopanib for 13.4 months before stopping due to progression. It must be noted that this patient had severe diarrhoea on 37.5mg of Sunitinib, but tolerated full dose Pazopanib.
Six patients were changed from Pazopanib to Sunitinib and four of these patients tolerated the change to Sunitinib. Two of these patients received over 9 months of Sunitinib.

In total, five out of the seven patients who changed TKI treatment were able to tolerate the second TKI and on average these patients tolerated a relative dose of 90% of the recommended dose. Interestingly, some patients were able to tolerate quite high relative doses in the second line, with one patient tolerating Sunitinib at a dose which was 50% above the recommended dose.

Two out of seven patients did not tolerate the second TKI. One of these patients had recurrent nausea and vomiting on both treatments. While there was a clear link between both drugs and his symptoms, it was later found that this patient had brain metastases which could have contributed to the vomiting.

The average time on second line treatment was 5.6 months. In those who tolerated second line treatment, the average time on second line treatment was 7.6 months.

Figure 12: Distribution of tolerable doses in the seven patients who received second line treatment.
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Discussion
The data collected in our study suggests that Sunitinib was better tolerated than Pazopanib meaning these results do not support the hypothesis from the PISCES trial which suggests that Pazopanib is preferred by patients to Sunitnib.2 In our patients, more stopped Pazopanib than Sunitinib due to toxicity and on average; patients received lower relative doses of Pazopanib. Additionally, the fact that more patients were changed from Pazopanib to Sunitinib suggests the latter drug was more tolerable in our population.

Differences in baseline characteristics between the two groups may account for this. The time to metastatic disease was 17.2 months in the Sunitinib group and 10.5 months in the Pazopanib group. In the Sunitinib group 56% of patients had metastatic disease at the time of diagnosis, compared with 69% in the Pazopanib group. On average there were 1.06 sites of visceral or CNS disease in the Sunitinib group, compared with 1.46 sites in the Pazopanib group. This information may reflect more aggressive disease in the Pazopanib group. Additionally, patients in the Sunitinib group were on average slightly younger at 59.3 years, compared to 62.5 years in the Pazopanib group.

Baseline ECOG performance status was only documented in 25/44 patients. Three patients had an ECOG performance status of 0. Twenty-one patients had an ECOG performance status of 1 or 2. One patient had an ECOG performance status of 3. The average ECOG performance status was very similar between the two groups (1.5 in the Sunitinib group and 1.3 in the Pazopanib group). Despite this, patient in the Sunitinib group had slightly fewer comorbidities.
Baseline blood pressure recordings were available in 19/44 patients. The proportion of patients who had elevated blood pressure at baseline was similar between the two groups. In the Sunitinib group, 8 patients had a baseline blood pressure recorded and 4 of these patients had a blood pressure of greater than 140/90mmHg. In the Pazopanib group, 11 patients had a baseline blood pressure recorded and 6 of these patients had a blood pressure of greater than 140/90mmHg. 5/18 patients in the Sunitinib group had a documented diagnosis of pre-existing Hypertension, compared with 11/26 in the Pazopanib group. Despite the higher proportion of prior Hypertension diagnoses in the Pazopanib group, both groups had similar number of anti-hypertensive agents at baseline.
Baseline laboratory factors which imply poorer prognosis such as elevated LDH, Anaemia, Thrombocytosis, Neutrophil Leukocytosis and Hypercalcaemia are broadly similar between the two groups so this is unlikely to be a factor contributing to differences between the two groups.

Other limiting factors of the study must also be considered as potential contributors to our results. Our study was a small retrospective study meaning that our results are less meaningful than a large randomised control trial such as the PISCES trial. Additional factors in our study include retrospective assessment of toxicity, incomplete availability of data, small patient numbers and bias. In our study, patients were not surveyed on their experience, which is an important aspect of tolerability. Another possible explanation for the differences in findings may be the difference in drug metabolism between populations.

Despite limitations, we were able to show that most patients tolerated TKI treatment relatively well in our study. While a number of patients required dose reductions, other patients were able to tolerate a dose higher than the standard dose. Notably a number of patients, who did not tolerate one drug, were able to tolerate the alternative drug. 

This study also demonstrates that some patients will tolerate one TKI but not the other. It also suggests that the correct choice of first line TKI is not critical as long as patients have the opportunity to switch drugs if they have side effects. This data also reveals that most toxicity occurs within the first three months of commencing TKIs, often occurring as early as the one month mark, giving Physicians ample time to switch TKI treatment within Pharmac’s specified window. For this reason, patients should all be followed intensely in the first three months to allow for dose adjustments and for careful assessment of tolerance. If a patient changes to the alternative TKI they may tolerate this well at full dose. While a low dose could be considered initially, the dose intensity should be increased as tolerated.

One option in choosing the first line TKI would be to look at patient factors. If the patient already has liver metastases, one could consider starting Sunitinib, which appears to cause less derangement of Liver Enzymes. If the patient already has hypertension, one could consider Sunitinib, which in this study appears to cause slightly less hypertension. In other circumstances, Pazopanib could be used due to ease of scheduling especially because international studies suggest better tolerability. An argument could also be made for Sunitinib as the median survival data in COMPARZ favoured Sunitinib over Pazopanib, despite Pazopanib meeting the non-inferiority margin.1 

Despite its limitations, this study highlights that various patients may tolerate one TKI over the other, but it also raises the possibility that there may be other patient related factors such as drug metabolism which may influence an individual's tolerability of TKI treatment. Further studies, to address why some patients tolerate one TKI over the other may bring to light additional information which may guide TKI choice in the future.
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