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Introduction
Mucosal injury is an inevitable complication of intensive 
conditioning regimens used for hematopoietic stem cell 

transplantation (HSCT)1. It is a complex process involving 
any portion of the gastrointestinal tract resulting in inflam-
matory or ulcerative lesions. It manifests primarily as oral 
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Abstract
Mucositis is nearly inevitable following high-dose chemotherapy. Several pro-inflammatory cytokines play a role in 
pathogenesis of mucositis. Curcumin inhibits inflammatory cytokines through inhibition of nuclear factor kappa-β. We 
studied the effects of curcumin on the acute toxicities and inflammatory cytokines following melphalan (200 mg/m2) for 
autologous hematopoietic stem cell transplantation (HSCT) for myeloma. The control group (first 10 enrolled patients who 
received standard supportive care) was compared with curcumin group (next 30 patients who received chewable curcumin 
lozenges, 4 g twice daily from 2 days before melphalan till day +28 along with standard supportive care). The toxicities were 
recorded as per World Health Organization (WHO) criteria and CTCAE v3.0 as applicable. Cytokine profiling was done in 
both groups at similar time points. In the curcumin group, there was significant decrease in grade 3/4 vomiting (3% vs 40%, 
P = 0.01) and total parenteral nutrition use (47% vs 90%, P = 0.026). Grade 3/4 mucositis (43% vs 60%) and diarrhea (33% 
vs 70%) were also less, but not statistically significant. This coincided with 3.2-fold lower area under the concentration time 
curve (AUC) of IL-8 from day –3 to day 14 in curcumin group compared with control group (P = 0.039). We conclude that 
curcumin mitigates toxicities of high-dose melphalan, possibly through IL-8 modulation. Randomized studies are warranted 
to explore benefits of curcumin in HSCT.
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mucositis (OM), or with such symptoms as nausea, vomit-
ing, and diarrhea as part of gastrointestinal mucositis. The 
incidence of World Health Organization (WHO) grades I-IV 
OM with certain myeloablative conditioning regimens is 
approximately 90%, up to three-quarters of them manifesting 
with severe mucositis (WHO grade III/IV)1–3. Similarly, gas-
trointestinal mucositis is reported in up to 20% to 50% 
patients receiving high-dose chemotherapy conditioning for 
HSCT4.

Proinflammatory cytokines such as interleukin-1 (IL-1), 
interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-17 
(IL-17), tumor necrosis factor-alpha (TNF-α), transforming 
growth factor-β (TGF-β), interferon gamma (IFN-γ), and 
certain prostaglandins (PGE-2) play a central role in its 
pathogenesis5. Nuclear factor kappa-light-chain-enhancer of 
activated B cells (NF-ĸB), modifies the genetic expression of 
these cytokines and enzyme6,7. Therefore, inhibition of 
NF-kB could be beneficial in the reduction of mucosal injury.

Currently, there are no universal protocols that have been 
accepted as a standard to prevent and treat mucosal injury in 
the transplant setting. Research is proceeding on several new 
fronts8–10. Cryotherapy is probably one of the most effective 
measures in reducing OM11, but trials vary considerably with 
respect to the duration of cryotherapy3,12, and most had small 
sample sizes. Also, as used in some studies, prolonged cryo-
therapy for more than 6 h becomes uncomfortable for 
patients3.

Accumulating evidence suggests that curcumin, a poly-
phenol derivative with low toxicity profile used for its 
anti-inflammatory actions, inhibits various inflammatory 
cytokines through inhibition of NF-ĸB13–16. Phase I studies 
in cancer patients have shown that curcumin can be given at 
doses ranging from 440 mg to 12 g daily without any dose 
limiting toxicity17,18. Curcumin typically has low bioavail-
ability; however, special formulations such as solid lipid 
curcumin particles (SLCP) have been developed for better 
absorption19. The current study was conducted to test the 
efficacy of SLCP lozenges for the prevention of mucosal 
injury following high-dose melphalan conditioning in 
AuHSCT for multiple myeloma.

Patients and Methods

Patients, Setting, and Transplant Procedures

This was a single center prospective study. Patients were eli-
gible if they were more than 18 years old, had performance 
status 0–2 on the Eastern Co-operative Oncology Group 
(ECOG) scale, provided written informed consent and were 
scheduled to undergo AuHSCT with any of the following 3 
conditioning regimens—melphalan 200 mg/m2, busulfan 
with melphalan (Bu-Mel) or carmustine, etoposide, cytara-
bine, and melphalan (BEAM). Additionally, patients were 
required to have creatinine clearance >50 ml/min and nor-
mal liver function (serum bilirubin < 2 mg/dl and liver 

enzymes less than 5 times upper limit of normal). Patients 
who were receiving non-steroidal anti-inflammatory drugs 
(NSAIDs), aspirin, anti-oxidants, or systemic steroids for >3 
months with the last dose being received within 1 week prior 
to beginning conditioning chemotherapy were excluded. 
Also patients with active infection at the time of beginning 
conditioning chemotherapy were excluded. Soon after the 
study approval, carmustine (BCNU) became unavailable in 
India, and hence we started using lomustine, cytarabine, 
cyclophosphamide, and etoposide (LACE) as conditioning 
regimen for lymphoma transplants. Subsequently, on find-
ing that the acute toxicities were less with LACE regimen, 
we continued to use LACE for lymphoma transplants during 
the study period. Also, Bu-Mel was only used for Ewing’s 
sarcoma transplants and autologous transplants for acute 
myeloid leukemia, both of which are extremely rarely per-
formed at our center. Hence, although the trial protocol 
permitted enrolment irrespective of the diagnosis, we even-
tually could enroll only patients undergoing AuHSCT for 
multiple myeloma following standard melphalan condition-
ing (200 mg/m2 on day –1). The study was approved by the 
institutional review board (protocol number 641) and all 
patients provided written informed consent. The trial was 
registered on clinicaltrials.gov (NCT04870060).

Stem cell mobilization was done using cyclophosphamide 
and granulocyte colony stimulating factor (G-CSF) in all 
patients. The source of stem cells was peripheral blood for all 
and all stem cells were cryopreserved. All transplants were 
carried out in single high efficiency particulate air (HEPA) 
filtered isolation rooms. As stated above, for all patients the 
conditioning chemotherapy was melphalan 200 mg/m2 on 
day –1 of HSCT (Inj Alkeran, GlaxoSmithKline pharma till 
March 2013 and Inj Megval, Emcure pharmaceuticals subse-
quently). This was followed by infusion of cryopreserved 
stem cells on day 0 (to a target of 3 x 106 CD34+ cells/kg). 
Anti-viral prophylaxis (with acyclovir) and antifungal pro-
phylaxis with voriconazole was used for all patients. No anti-
bacterial prophylaxis was used. Strategies for prevention and 
treatment of OM are explained below (under interventions).

Interventions

The study was conducted in two phases namely, the “Control 
phase / Control group” and the “treatment phase / Curcumin 
group.” Patients in the control group received only supportive 
care for prevention of OM in the form of hexidine mouth 
wash and clotrimazole lozenges. No additional prophylactic 
strategies were followed for prevention of OM in both groups. 
Patients in the curcumin group received four chewable cur-
cumin lozenges (LongvidaTM, Pharmanza Herbals Pvt. Ltd., 
Gujarat, India) twice daily from 2 days prior to the start of 
chemotherapy (i.e. day –3) to day +28 post-transplant in 
addition to supportive care. Each 1 g lozenge contained 
100 mg of curcuminoids. The study was conducted in a non-
randomized fashion, wherein, the control and curcumin 
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groups were enrolled sequentially. Initially, 10 patients were 
planned to be enrolled in each group. After the first 20 patients 
were enrolled, the protocol was amended to include 20 more 
patients in the curcumin group.

Cytokine Analysis

Blood and saliva samples of patients in the Curcumin group 
for the measurement of TNF-alpha, IL-1, IL-6, IL-8, IL-17, 
TGF-β, INF-γ, and PGE2 were collected 1 h prior to the first 
dose of curcumin (i.e. on day –3), day 0, then thrice weekly 
(Monday, Wednesday, Friday) till day +14, and then on day 
+28. The cytokines were analyzed using ELISA kits obtained 
from BD Biosciences. The assay was carried out in duplicate 
and the average of the two readings was considered for deter-
mining the levels. The area under the concentration-time 
curve (AUC) for each cytokine from day –3 to day +28 was 
estimated using the linear trapezoid rule2. In the control 
group, the first blood and saliva sample for cytokine level 
measurement was done on day –1, 1 h before melphalan 
infusion and then subsequent measurements were exactly 
similar to those in the curcumin group.

Outcomes and Measures

Patients were evaluated clinically for OM, diarrhea, vomit-
ing, and use of opioid analgesics for relief of pain daily from 
the start of chemotherapy (day –1) till (day +28). Nausea 
was only included as an outcome of interest in the expanded 
curcumin cohort, but not at the beginning of the study. The 
toxicity grading was done as per the CTCAE 3.0 scale. Time 
to neutrophil engraftment (NE) was defined as first of 3 con-
secutive days when absolute neutrophil count (ANC) was 
greater than 0.5 x 109/L while time to platelet engraftment 
was defined as first of 7 consecutive days when platelet 
count was greater than 20 x 109/L unsupported. TPN was 
used as per our institutional policy for grade III/IV OM or for 
significant nausea and vomiting interfering with adequate 
oral intake or for severe diarrhea. The use and duration of 
days of TPN use was recorded. Similarly, opioids were used 
for pain due to grade III/IV OM and pain score was recorded 
on visual analogue scale. Incidence and duration of use of 
opiods were recorded.

Comparisons for all the above outcome measures were 
made between the patients enrolled in the control group 
(n = 10), who did not receive curcumin and those in the 
curcumin group phase (n = 30), who received curcumin up 
to 28 days post-transplant.

Pharmacokinetic Blood Sampling and Analysis

Blood samples for pharmacokinetic studies related to 
curcumin and curcuminoids such as desmethoxycurcumin 
(DMC) and bis-desmethoxycurcumin (BDMC) were done 
1 h prior to the first dose, 0.5, 1, 1.5, 2, 4, 6, 8, 12 (±15 min) 

hours post first dose of curcumin lozenges and then weekly 
trough levels (i.e., before the morning dose) till day +25 and 
on day +28. Curcumin, DMC, and BDMC were measured 
by reverse-phase HPLC (UV-visible detection) method 
developed in-house. Briefly, 1 ml of plasma was incubated 
with 3 ml methanol at 800C for 10 min. The mixture was 
centrifuged. The clear supernatant was collected and evapo-
rated to dryness under nitrogen. The residue was reconsti-
tuted with 1 ml methanol and filtered. After injecting 50 μL 
of the filtrate into the HPLC, curcumin levels were detected 
and quantified at 425 nm.

In addition, the quantity of conjugated curcumin and 
curcuminoids was determined by enzymatic hydrolysis of 
the glucuronide and sulfate conjugates. Briefly, aliquots 
(200 μL) of plasma were mixed with 600 μL Dulbecco’s 
PBS (Sigma-Aldrich) and 200 μL of 100 units/μL type II 
h-glucuronidase/sulfatase (total 20,000 units) in Dulbecco’s 
PBS and incubated at 370C. After 1 h, the incubated plasma 
was mixed with 1 mL of 0.2% formic acid to acidify the solu-
tion, then samples were extracted and analyzed for curcumin 
content using HPLC as described above. The difference 
between total curcumin and free curcumin was the concen-
tration of curcumin present as conjugates.

Statistical Considerations

The study was initially designed to test the difference in 
serum cytokines between the control group and the curcumin 
treated group in a pilot study of 20 patients. After enrolling 
20 patients, it was decided to convert the pilot study into a 
non-randomized phase 2 clinical trial based on the clinical 
outcomes observed in the test arm. It was estimated that a 
sample size of 30 patients in the treatment arm (curcumin 
treated group) would be required to show a difference of 
25% in the incidence of grade III/IV OM between the two 
arms, assuming the incidence of grade III/IV OM to be 60% 
in the control and 35% in the treatment arm (power 80%, 
2-tailed test, alpha -5%). Thus, a total of 40 patients were 
enrolled in the study.

The data were checked for normality using appropriate 
tests. Mann-Whitney U test was used to compare mean cyto-
kine levels between the two groups at various time points. 
Spearman rho test was used to correlate clinical outcomes 
(ordered categorical data) and cytokine levels. Fisher’s exact 
test was applied to compare proportions between control and 
curcumin groups. No adjustment was made for multiplicity 
and P < 0.05 was considered statistically significant for all 
comparisons.

Results

Patients and Settings

Between October 2010 and July 2015, 40 patients were 
enrolled in the study. As mentioned above, the study was 
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conducted in 2 phases. Initial 10 patients were accrued in the 
control group and 30 patients were accrued in the experimen-
tal phase (curcumin group). The baseline characteristics of 
the two groups are shown in Table 1. The two groups were 
comparable with respect to age at diagnosis, age at trans-
plant, gender, diseases stage, disease status at transplant, and 
infused CD34 cell dose between both the groups.

Clinical Outcomes of Transplantation

Transplant-related complications in curcumin versus control 
groups.  The incidence of grade 3/4 OM was higher in the 
control arm as compared to the curcumin arm (6/10—60% 
vs. 13/30—33%) although the difference was not statistically 
significant. Similarly, the median duration of grade 3/4 
mucositis was slightly longer in the control arm compared to 
the curcumin arm (5.5 days vs. 4.0 days); again, the differ-
ence was not statistically significant. Interestingly, protec-
tive efficacy of curcumin was observed against grade 3/4 
diarrhea (7/10 vs. 10/30; P = 0.066), grade 3/4 vomiting 
(4/10 vs. 1/30; P = 0.01), and use of TPN (9/10 vs. 14/30; 
P = 0.026). Other notable but statistically non-significant 
difference was observed in the requirement of opioid 
analgesics for the treatment of pain due to mucositis (5/10 vs. 
10/30). Seventeen out of 20 patients experienced nausea of 
some grade but only one of them had grade 3 nausea. These 
and other clinical outcomes (febrile neutropenia, engraft-
ment kinetics, and duration of hospital stay) are summarized 
in Table 2.

Engraftment status.  No significant differences in time to 
neutrophil or platelet engraftment were observed between 

the two groups. Time to NE ranged from 10 to 16 days with 
a median of 11 days in both groups, whereas median time to 
platelet engraftment was 12 (11–17) days in the control arm 
and 11(9–20) days in the curcumin arm (Table 1).

Cytokines

Comparison of AUC from day –3 to day +14 showed a  
3.2-fold lower exposure to serum IL-8 (P = 0.039) and 
1.22-fold lower exposure to serum IFN-γ (P = 0.039) in the 
curcumin group compared with the control group. No sig-
nificant difference was observed for other serum cytokines 
between the two groups. None of the salivary cytokines 
showed significant difference in exposure between the two 
groups (Table 3).

Cytokine levels and clinical outcomes.  When all patients were 
considered (N = 40) serum IL-1, IL-8 and saliva PGE-2 
showed significant positive correlation with the severity of 
clinical outcomes such as vomiting and pain due to muco-
sitis as shown in Table 4. No other cytokine showed sta-
tistically significant correlation with any of the clinical 
outcomes (Supplementary Table 1). When treatment arm 
alone was considered (N = 30), salivary PGE-2, IL-1, and 
serum TGF-β and IL-8 showed significant correlation with 
clinical outcomes such as grade 3/4 OM, grade 3/4 vomiting 
and pain caused due to mucositis as shown in Table 5. No 
other cytokine showed statistically significant correlation 
with any of the clinical outcomes (Supplementary Table 2). 
A graphical representation of the cytokines showing correla-
tion with clinical outcomes in curcumin group, all patients 
and both sets of patients is shown in Fig. 1.

Table 1.  Baseline Characteristics.

Characteristics Control group (n = 10) Curcumin group (n = 30) P value

Gender (M: F) 5:5 21:9 0.25
Median age at diagnosis (years) 46 (38–52) 50 (41–62) 0.02
Median age at transplant (years) 48 (39–53) 51 (42–63) 0.04
Disease stage (ISS) 0.35
I 4 7  
II 0 7  
III 5 13  
Not available 1 3  
GFR (ml/min), median (range) 81.49 (61.73–148.58) 69.84 (47.60–114.81) 0.21
Median no. of lines of treatment 

pre-transplant (range)
1 (1–4) 1 (1–3) 0.72

Disease status at transplant 0.11
CR/VGPR 8 21  
PR 1 9  
PD 1 0  
Median number of CD34 infused 

(x 106/kg)
4.285 (2.87–6.81) 3.98 (2.62–7.15) 0.84

CR: complete response; GFR: glomerular filtration rate; ISS: international staging system; PD: progressive disease; PR; partial response; VGPR: very good 
partial response.
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Pharmacokinetic Analysis

Drug levels.  The pharmacokinetic parameters of the three 
curcuminoids are shown in Fig. 2 and Supplementary Table 
3. The curcuminoids were predominantly (>90%) found as 
glucuronide conjugates. The AUC of free curcuminoid was 
found to be 6.0% for curcumin, 3.2% for DMC, and 4.2% for 
BDMC. Fig. 2 shows the exposure following the first dose of 
varying concentrations of curcumin, DMC, and bDMC with 
median and range.

Discussion

Our study demonstrated the utility of oral curcumin in the 
prevention of some of the complications of high-dose che-
motherapy with melphalan including nausea and vomiting, 
diarrhea, OM, and pain due to OM. Our findings showed that 
curcumin provides an overall protection against OM in terms 
of TPN use and the requirement of analgesics, although reduc-
tion in the incidence of OM per se was not statistically signifi-
cant. Curcumin also helped reduce gastrointestinal mucositis 

Table 2.  Post Transplant Toxicity and Outcomes.

Toxicity/outcome Control (n = 10) Curcumin (n = 30) P value

Oral mucositis Incidence of grade 3–4 oral mucositis (%) 6 (60%) 13 (43.3%) NS
Incidence of any grade of mucositis (%) 10 (100%) 28 (93.3%) NS
Median duration of grade 3–4 oral mucositis (days) 5.5 (2–9) 4 (1–7) NS

Diarrhea Incidence of grade 3–4 Diarrhea (%) 7 (70%) 10 (33%) NS
Incidence of any grade of diarrhea (%) 10 (100%) 30 (100%) NS
Median duration of grade 3–4 diarrhea (days) 2 (1–7) 5 (2–9) NS

Vomiting Incidence of grade 3–4 vomiting (%) 4 (40%) 1 (3.3%) 0.01*
Incidence of any grade of vomiting (%) 6 (60%) 16 (53.3%) NS

Use of Analgesics Incidence of use of opioid analgesics 5 (50%) 10 (33%) NS
TPN Use Incidence of use of TPN (%) 9 (90%) 14 (46.6%) 0.026*

Median duration of use of TPN (days) 9 (4–16) 7 (4–12) NS
Febrile neutropenia Incidence of febrile neutropenia 10 (100%) 30 (100%) NS
Engraftment Median day of WBC engraftment 11 (11–16) 11 (10–16) 0.89
Engraftment Median day of platelet engraftment 12 (11–17) 11 (9–20) 0.26
Hospital stay Median duration of hospital admission in days 18 (16–22) 19 (15–26) 0.82

NS: non-significant; TPN: total parenteral nutrition.
*p < .05.

Table 3.  Cytokine Exposure (AUC d-3 to d14) in Control and Curcumin Groups.

Cytokines
Control (N = 10)  

(µg/mL*days [Mean ± SE])
Curcumin (N = 30)  

(µg/mL*days [Mean ± SE]) P value

Serum IL-8 393.66 ± 155.24 121.40 ± 18.87 0.039
IL-1β 73.40 ± 31.42 169.12 ± 92.01 NS
IL-6 237.22 ± 74.47 1140.79 ± 678.65 NS
IL-17 0 14.49 ± 4.72 NS
TNF-ɑ 132.25 ± 57.66 869.61 ± 671.75 NS
TGF-β 96.73 ± 68.14 59.19 ± 28.94 NS
IFN-γ 674.87 ± 251.79 504.89 ± 176.57 0.039
PGE-2 704.43 ± 592.43 133.14 ± 30.10 NS

Saliva IL-8 123.02 ± 71.36 93.33 ± 37.17 NS
IL-1β 143.22 ± 73.23 361.71 ± 290.97 NS
IL-6 284.71 ± 21.26 190.41 ± 68.84 NS
IL-17 878.25 ± 442.05 83.55 ± 19.40 NS
TNF-ɑ 81.45 ± 33.46 276.99 ± 135.55 NS
TGF-β 284.36 ± 87.55 9817.22 ± 8969.23 NS
IFN-γ 773.441 ± 637.297 1058.04 ± 994.02 NS
PGE-2 503.3 ± 273.187 756.29 ± 230.62 NS

AUC: area under the concentration-time curve; IFN-γ: interferon gamma; IL-1: interleukin -1; IL-6: interleukin -6; IL-8: interleukin-8; IL-17: interleukin-17; 
NS: non-significant; PGE-2: prostaglandins; TGF-β: transforming growth factor-β; TNF-α: tumor necrosis factor-alpha.
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by lowering the incidence of grade 3 and 4 vomiting and diar-
rhea compared with the control arm (although only the reduc-
tion in vomiting was statistically significant).

Most of these complications are a result of an inflamma-
tory response to high-dose chemotherapy20. Previous studies 
have shown that proinflammatory cytokines such as IL-1, 
IL-8, TGF-β, TNF-α, and PGE-2, correlated with clinical 
outcomes. In the present study, serum IL-8 and serum IFN 
gamma were the only cytokines that were significantly mod-
ulated by curcumin; however, between the two cytokines 
only serum IL-8 showed a significant positive correlation 
with clinical outcomes. Hence, the reduction in post-trans-
plant toxicities in the curcumin group could be possibly 
attributed to its ability to modulate the serum IL-8 levels. 
Interestingly, there was no significant difference in salivary 
IL-8 levels between the treatment and control groups. This 
can be attributed to the fact that curcumin’s ability to modu-
late cytokines in different organ systems is multifactorial, 
including the levels achieved in respective target organs. 
Therefore, it is not surprising that serum IL-8 levels were 
significantly different between the groups while salivary 
IL-8 wasn’t.

Curcuma Longa and its three components Curcumin, 
DMC and bDMC have been known to possess anti-inflam-
matory effects through the downregulation of NFκB21. The 
relative potency of the three curcuminoids for down-regulat-
ing NFκB is C>DMC>bDMC21. Interestingly, plasma con-
centrations of curcuminoids did not correlate with either 
clinical outcomes or the extent of cytokine modulation sug-
gesting a lack of exposure-effect relationship (data not 
shown).

Several formulations of curcumin have been success-
fully tried in the past for the treatment of complications 
arising from chemotherapy or radiotherapy. There were 
mostly topical formulations for prevention of OM in head 
and neck cancer patients receiving chemoradiotherapy or 
for other indications where systemic chemotherapy was 
administered22–25. Only one study has demonstrated the util-
ity of a nanomicelle formulation of curcumin in reducing the 
severity of OM in head and neck cancer patients undergoing 
radiotherapy following systemic administration26. However, 
this is for the first time that the benefit of curcumin has been 
demonstrated in patients receiving high-dose melphalan for 
AuHSCT. It is possible the benefit will hold for other high-
dose chemotherapy regimens as well since the underlying 
mechanism of mucositis is the same for all high-dose regi-
mens. Furthermore, it also proved useful for the prevention of 
vomiting, which is an important toxicity-related to GI muco-
sal injury.

In a Cochrane review published by Worthington et al, in 
2011, 10 interventions for prevention of OM were analyzed 
and they concluded that there was some benefit for cryo-
therapy (ice chips) and palifermin in prevention of OM in 
transplant setting. According to the Oral Cavity Mucositis 
Guideline modified from MASCC/ISOO Clinical Practice 
Guidelines for Oral Mucositis, low-level laser therapy 
showed promising results as a prevention for OM. Laser 
therapy at a wavelength of 650 nm, power 40 MW, can be 
used for prevention of OM in patients undergoing high-
dose chemotherapy followed by HSCT27. However, these 
agents are often prohibitively expensive and may not jus-
tify the cost, or may be cumbersome to deliver. For instance, 

Table 4.  Correlation Between Cytokines and Clinical Outcomes in All Patients.

All patients (N = 40)

Cytokine

Rho value (ϼ) P valueSerum Saliva

Oral mucositis (duration of maximum grade) IL-1 - 0.375 0.017
Vomiting (duration of maximum grade) IL-8 - 0.405 0.010
Pain (duration of maximum grade) IL-1 - 0.351 0.02

- PGE-2 0.477 0.007

IL-1: interleukin -1; IL-8: interleukin-8; PGE-2: prostaglandins; Rho value (ϼ): co-efficient correlation.

Table 5.  Correlation Between Cytokines and Clinical Outcomes in Curcumin Group.

Curcumin (N = 30)

Cytokine

Rho P valueSerum Saliva

Oral mucositis  
(duration of maximum grade)

- IL-1 0.450 0.013
- PGE-2 0.466 0.029

Vomiting  
(duration of maximum grade)

IL-8 - 0.406 0.026
TGF-β 0.480 0.007

Pain (duration of maximum grade) - PGE-2 0.514 0.014

IL-1: interleukin -1; IL-8: interleukin-8; PGE-2: prostaglandins; TGF-β: Transforming Growth Factor-β.
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palifermin use was associated with an additional cost of 
$5500 (myeloma) and $14,000 (lymphoma) per day of 
patient controlled analgesia (PCA) avoided28. Curcumin is 
affordable, safe at very high doses and easily available. 
Our study provides a strong proof of concept that curcumin 
lozenges comprising of solid lipid curcumin particles abro-
gates the GI-related toxicities of high-dose chemotherapy. 
The strength of the study lies in its comprehensive cytokine 
profiling. The study has a few limitations that needs to be 
considered. A possible reporting bias cannot be ruled out 
because of the non-blinded nature of the study. Also, the 
sample size being small, no definite conclusions can be 
drawn regarding the chemoprotective effects of curcumin, 
although the findings generate strong hypothesis for a con-
firmatory phase 3 trial. A large randomized study is pres-
ently underway at our center to confirm these findings.

To conclude, curcumin lozenges mitigated the clinical tox-
icities of high-dose melphalan such as vomiting, and the need 
for TPN. Curcumin treatment resulted in modulation of serum 
IL-8 which is an important mediator of these toxicities.
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