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Burden of cancer: Global data



Prevalence by Cancer Type, Years Since Diagnosis, and Age at P revalence as of January 1, 2019, 
United States. 

CA CANCER J CLIN 2019;0:1–23



Taiwan Dec. 2020



台灣人『上天堂』的10大原因 (~2017) : 癌症第一名





Temel JS, Greer JA, Muzikansky A, et al. N engl J Med 2010;363:733-742.

Randomized Trial in Patients with Lung Cancer 



Palliative care in addition to usual oncology care allowed lung cancer 
patients to live almost 3 months longer than those who got usual 
oncology care. 

Temel J, et al. NEJM 2010; Greer J, et al. JCO 2011 
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Cancer Anorexia/Cachexia Syndrome (CACS)

• A complex metabolic syndrome, common among patients with 
cancer

• Anorexia: 
• Diagnosis: reduced appetite, early satiety, taste alterations and nausea
• Often associated with reduced food intake

• Cachexia: physical wasting with loss of skeletal and visceral muscle 
mass resulting from negative protein and energy balance

• Characterized by loss of lean body mass and fat
• Anorexia contributes to cachexia. 
• Cachexia can also occur independently from anorexia, as pro-

inflammatory cytokines and tumor-derived factors directly lead to 
muscle proteolysis. 

NCCN 2021



Weight Loss in CACS

• Very common among patients with cancer

• Often associated with inflammatory process, insulin resistance and 
increased tissue protein turnover rates

• Associated with poor tolerability of cancer treatment, progressive 
functional impairment, reduced quality of life and survival

• Cannot be fully reversed by conventional nutritional support

Tuca et al. (2013). Clinical evaluation and optimal management of cancer cachexia. Critical Reviews in 

Oncology/Hematology, 88:625-636. NCCN 2016. 



Incidence of weight loss in cancers of different sites

LAVIANO ET AL. NATURE CLINICAL PRACTICE ONCOLOGY 2005



Diagnosis and Assessment of CACS

• The amount of weight loss that indicates a risk of CACS is:

• more than 10% in the last 6 months  OR

• 5% in less than one month

• A BMI of less than 20 kg/m2 is a criterion for malnutrition

• Biological values such as albumin, prealbumin, transferrin and C-reactive 
protein can provide valuable information about nutritional status

• Albumin less than 3.2 g/dl indicates protein depletion and risk of malnutrition

• Prealbumin-more sensitive than albumin.  Prealbumin of <10 mg/dl indicates malnutrition

• Transferrin decreased in CACS and a value of <100 mg/dl indicates severe malnutrition

• C-reactive protein > 0.5 mg/dl

Tuca et al.(2013). Clinical evaluation and optimal management of cancer cachexia. Critical Reviews in Oncology/Hematology,88:625-636.



Stages of cancer-related cachexia

Fearon K, Strasser F, Anker S, et al. (2011).  Definition and classification of cancer 
cachexia: an international consensus. The Lancet Oncology,12:489-495



Epidemiology of CACS

• Overall prevalence of CACS:
• 40% at diagnosis

• 70-80% in late stages of disease

• Survival of patients with cachexia significantly shorter than those 
without cachexia –in stomach, pancreatic, prostate, colon, and breast 
cancer

• Risk of CACS higher when treated with radiotherapy and chemotherapy
in esophageal, lung, and head and neck cancers due to swallowing 
disorders and mucositis

• CACS can be direct cause of death in more than 20% of patients with 
cancer

Muliawati et al.  (2012).  Cancer Anorexia-Cachexia Syndrome.  Acta Medica Indonesiana. 44:153-162.





Cachexia

• Leads to asthenia (weakness), emaciation, immune system impairment, 
metabolic dysfunction, and autonomic failure

• Cachexia in the patient with cancer can lead to:
• Failure of anti-cancer therapy
• Increased toxicity from treatment
• Delayed treatment initiation
• Early treatment termination
• Psychosocial distress
• Shorter survival

NCCN 2021



Treatment of CACS

• Treatment of CACS based on 3 factors:
• Oncologic therapy
• Nutritional support
• Pharmacological treatment

Tucaet al. (2013).  Clinical evaluation and optimal management of cancer cachexia. Critical 

Reviews in Oncology/Hematology, 88:625-636.





Malnutrition : definition and impact 

• Malnutrition is a condition that results from eating a diet which does 
not supply a healthy amount of one or more nutrients (Wikipedia). 

• Malnutrition is a common feature in cancer patients and is the 
consequence of both the presence of the tumor and the medical and 
surgical anticancer treatments. 

• Malnutrition negatively impacts on quality of life and treatment 
toxicities, and it has been estimated that up to 10-20% of cancer 
patients die due to consequences of malnutrition rather than for the 
tumor itself.

• Thus, nutrition plays a crucial role in multimodal cancer 
care.

Clinical Nutrition 40 (2021) 2898-2913















CCR 2018

OS HRs



Cachectic cancer patients exhibit elevated pembrolizumab clearance and 

poor response, highlighting the immense therapeutic challenge posed by 

cancer cachexia. Clin Cancer Res; 24(23); 5787–9, 2018
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ESPEN practical 
guideline 2021 for 
glutamine



Healthly & Anabolic state of glutamine reserve 

Peter M. Anderson et al. Nutrients 2020, 12, 1675



Catabolic state: glutamine level decreasing in musc le and blood

Peter M. Anderson et al. Nutrients 2020, 12, 1675

< 30%

< 15%



The depletion of GLN during stress, and its consequ ences

Reinette Tydeman-Edwardsa. South African Journal of Clinical Nutrition 2017; 30(4):109–117



Serum glutamine level in TW colorectal cancer patie nts



Lower serum glutamine level in advanced colon cance r





Glutamine level impact overall and progression-free  survival



� 20% infusion solution concentrate containing dipeptide alanyl-glutamine

� 100 ml contains: 20 g N(2)-L-alanyl-L-glutamine

= 13.46 g glutamine ,  8.20 g alanine

� A clear colorless solution

� Available in glass bottles of 50 ml and 100ml
� Solution for infusion after mixture with a compatible infusion solution. 

Dipeptiven: Product characteristics



IV glutamine (Dipeptiven)雙胜胺對外科病患臨床益處

提高術後血中麩醯胺濃度，減少傷
口癒合時間。

促進正氮平衡、減少住院天數及死
亡率。

改善術後病患營養狀態及恢復腸胃
道正常功能。

提升病患前白蛋白(Prealbumin)

及淋巴球細胞數量。



Chemotherapy Associated Mucositis during Cancer The rapy

Peter M. Anderson et al. Nutrients 2020, 12, 1675



Supplementary glutamine may ameliorate these side e ffects of cancer therapy

Peter M. Anderson et al. Nutrients 2020, 12, 1675



Int J Radiat Oncol Biol Phys. 2006 Aug 1;65(5):1330-7.



Schedule of the antineoplastic and intervention tre atments 
(n=32)

Int J Radiat Oncol Biol Phys. 2006 Aug 1;65(5):1330-7.



Int J Radiat Oncol Biol Phys. 2006 Aug 1;65(5):1330-7



Int J Radiat Oncol Biol Phys. 2006 Aug 1;65(5):1330-7



Journal of Cancer Therapy, 2016, 7, 609-621  



Purpose and Methods

� Purpose : 

– To assess the efficacy of parenteral Glutamine dipeptide (L-Alanyl-L-Glutamine Dipeptide, 20 g·m/100ml, IV) for 

preventing of oxaliplatin induced neurotoxicity. 

� Patients and Methods:

– 120 patients with metastatic colorectal cancer (mCRC) entered into the study. 60 patients randomly assigned to 

receive IV glutamine dipeptide (20 g·m IV) day 1-2 with FOLFOX-4 to be repeated every 15 days as a first line of 

treatment of metastatic colorectal cancer and 60 patients assigned to receive only FOLFOX-4 (control group). 

Neurotoxicity symptoms and signs were evaluated before each cycle.

Journal of Cancer Therapy, 2016, 7, 609-621  



Results

Journal of Cancer Therapy, 2016, 7, 609-621  



奇美醫院大腸直腸病人接受FOLFOX-4 給予Dipeptiven 研究得到類似神經毒性緩解



Mechanisms of chemotherapy-induced peripheral neuro pathy 
induced by platinum based drugs

Starobova H et al. (2017) Front. Mol. Neurosci. 10:174.



Putative mechanisms of glutamine effects on gut bar rier function

Achamrah et al Curr Opin Clin Nutr Metab Care 2017, 20:86–91

Min-Hyun Kim et al. Int. J. Mol. Sci. 2017, 18, 1051



The depletion of GLN during stress, and its consequ ences

Reinette Tydeman-Edwardsa. South African Journal of Clinical Nutrition 2017; 30(4):109–117



Does glutamine deprivation treat cancer?



Amino acid starvation strategies in cancer

Glutamine transporter

inhibition

Specific inhibitor not yet available, benzylserine may inhibit one of the glutamine

transporter SLC1A5

Alkyl benzoquinones, (Glutaminase-2 specific inhibitor)

DON (Target glutaminase-1, may also target glutamine fructose-6-phosphate

amidotransferase)

968 (Glutaminase-1 specific)

Glutamine depletion No specific glutamine depleting agent available, L-asparaginase acts as both L-glutamine

and L-asparagine depleting agent

Glutaminase inhibition CB-839 (Glutaminase-1 specific)

BPTES (Glutaminase-1 specific)

BPTES nanoparticle

Jiun-I Lai, M.D. Ph.D

Fung et al. Drug-induced amino acid deprivation 
as strategy for cancer therapy. Journal of 

Hematology & Oncology 2017

*L-asparaginase, ADI-PEG20 not included



Amino acid starvation strategies in cancer

� The best developed small molecule is CB-839, a potent inhibitor of the mitochondrial 
glutaminase (GLS) and the only one that is currently used in clinical trials in cancer 
patients 

� Since GLS catalyzes the conversion of glutamine to glutamate, it is anticipated that the 
treatment will deplete intracellular glutamate and block its further utilization in the TCA 
cycle, NEAA production and nucleotide biosynthesis.

� However, the physiological responses to glutaminase inhibition are likely to be different 
from glutamine deprivation in tumor cells

Jiang et al. Starve Cancer Cells of Glutamine: Break the Spell or Make a Hungry Monster? 
Cancers 2019



Jiun-I Lai, M.D. Ph.D













Jiun-I Lai, M.D. Ph.D



� 20% infusion solution concentrate containing dipeptide alanyl-glutamine

� 100 ml contains: 20 g N(2)-L-alanyl-L-glutamine

= 13.46 g glutamine ,  8.20 g alanine

� A clear colorless solution

� Available in glass bottles of 50 ml and 100ml
� Solution for infusion after mixture with a compatible infusion solution. 

Dipeptiven: Product characteristics



Therapeutic indications

� For hypercatabolic and/or -metabolic states during clinical nutrition

� It should be given together with parenteral or enteral nutrition or a combination of both.



Mechanisms of enteral and parenteral glutamine (GLN ) supp ly

Vinicius Cruzat et al. Nutrients 2018, 10, 1564
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ω-3脂肪酸 (Wikipedia)

• ωωωω----3333脂肪酸脂肪酸脂肪酸脂肪酸（Omega-3 fatty acids）又稱n−3脂肪酸，是一類不飽和脂肪酸，其中最重
要的3種為：ALA（存在於植物中的油）、EPA和DHA（這二種發現存在於海洋動植物油
中）。從脂肪酸分子中距離羧基最遠的甲基端（稱為ω端）的碳原子計數，這一類分子
的倒數第三個與第四個碳原子之間為雙鍵（即倒數第三根鍵為雙鍵），因此稱為ω−3脂
肪酸。含有較多ω−3脂肪酸的油脂包括：魚油、海藻油、雞蛋黃油、磷蝦油、沙棘果油、
亞麻籽油、核桃油、奇亞籽油、南美印加果油、大麻籽油等。

• 重要的ω−3必需脂肪酸包括α-亞麻酸、二十碳五烯酸、二十二碳六烯酸，這三者均為多
不飽和脂肪酸。人體內無法從頭合成ω−3脂肪酸，但可以使用十八碳的ω−3脂肪酸即α-
亞麻酸（ALA）作為原料，通過人體內的酶延長碳鏈，合成二十碳的不飽和ω−3脂肪酸
（即EPA），再由EPA合成二十二碳的不飽和ω−3脂肪酸（即DHA）。上述反應與ω-6脂肪
酸的合成反應互為競爭反應，後者是從亞油酸衍生出的脂肪酸。ω−3與ω−6脂肪酸均為
必須從食物中獲取的必需營養素。隨著人年齡的增長，體內由ALA合成DHA的能力隨之減
退。因此，老年人可能存在DHA缺乏。

二十碳五烯酸 Eicosapentaenoic acid (EPA) 20:5 (n−3) 全-順-5,8,11,14,17-二十碳五烯酸

α-亞麻酸 alpha-Linolenic acid (ALA) 18:3 (n−3) 全-順-9,12,15-十八碳三烯酸

二十二碳六烯酸 Docosahexaenoic acid (DHA) 22:6 (n−3) 全-順-4,7,10,13,16,19-二十二碳六烯酸



魚油提供癌症病患有益的作用?

抑制致癌作用及癌細胞的⽣⻑

抑制:蛋白質分解誘導因子(proteolysis-inducing factor , PIF)
抑制:脂肪移出因子(lipid mobilizing factor, LMF)

保護或增加瘦體組織

減低疲勞並增加⽣活品質

降低發炎性細胞激素的產⽣

增進化療的效果

減少化療所產⽣的副作用

August D. JPEN. 2009 Sep-Oct;33(5):472-500;                      Grimble R.F. Clin Nutr Highlights 2007; 3: 2-7 
MacDonald et al, JACS, July 2003; Swails, W;  JPEN 21(5), 266-274, 1997
Barber, M.D; J. Nutr. 129, 1120-1125, 1999;           Wigmore, S.J.;  Nutrition & Cancer 36(2), 177-184, 2000
Colomer et al. Br J Nutr. 2007 May;97(5):823-31.



ProSure (Abbott Nutrition,Columbus, Ohio, USA).

EPA





*mGPS (modified Glasgow prognostic score): Patients with elevated 

CRP (>0.5 mg/dl) were given a score of 1 or 2 depending on the 

absence or presence of hypoalbuminemia (<3.5 g/dl). Patients with a 

normal CRP and any albumin level were given a score of 0.



Conclusion: FO-enriched nutrition may improve the prognosis of patients with cancer cachexia 

and systemic inflammation (i.e., those with a mGPS (modified Glasgow prognostic score) of 1 or 2.) 



Song M, et al. Gut 2017; 66: 1790-6





Conclusions: The results of this 
study suggest that parenteral ω-
3 fatty acid supplementation is 
beneficial for gastrointestinal 
cancer patients, and is 
accompanied by improved 
postoperative immune function 
and satisfactory clinical 
outcomes.





AMAR M. ELTWERI et al. ANTICANCER RESEARCH 39: 853-861 (2019)



Omegaven (lipid emulsion containing 10% fish oil wit h a 
high % of n-3 FA, esp., EPA+ DHA) with chemotherapy  in 
esophageal cancer  

AMAR M. ELTWERI et al. ANTICANCER RESEARCH 39: 853-861 (2019)



Omegaven significant reductions IL-2 ,TNF- α and VEGF

AMAR M. ELTWERI et al. ANTICANCER RESEARCH 39: 853-861 (2019)



Clin Nutr Res. 2017 Jul;6(3):147-160



Therapeutic effects of long-chain n-3 PUFAs in colo n cancer patients

Clin Nutr Res. 2017 Jul;6(3):147-160



Omega 3 fatty acid synergies chemotherapy

Clin Nutr Res. 2017 Jul;6(3):147-160



Fish oil prevent colon carcinogenesis through multi ple 
mechanisms

Clin Nutr Res. 2017 Jul;6(3):147-160



Fish oil down regulate the systemic inflammation

Association of immunologic, metabolic, and clinical 
phenomena in cancer

Pathophysiology and metabolism in the presence of a 
tumor: the mechanisms.

J. Arends et al. / Clinical Nutrition 36 (2017) 1187-1196



Omega-3 fatty acid block inflammatory pathway



Fish oil or ω3 polyunsaturated fatty acids (ω3-PUFAs) supplementation 
actions on gastrointestinal diseases in Human

Irún P,et al. Front. Pharmacol. 2019,10:852.



The Beneficial Effects of n-3 PUFAs in Skeletal Mus cle

Bill Tachtsis et al. Nutrients 2018, 10, 309 



Immuno-nutrients (arginine, N-3 fatty acids, 

nucleotides)

• Improve lean body mass

• Reduces infectious complications

• Wound healing

• Prevent/ameliorate treatment related side effects 

like diarrhea,

• mucositis etc.

• Restore organ function

• Improve overall clinical outcomes

• In upper GI cancer patients undergoing surgical 

resection in the context of traditional 

perioperative care, we recommend oral/enteral 

immunonutrition (arginine, n-3 fatty acids, 

nucleotides). (Recommendation C1-4; strength 

of recommendation strong - Level of evidence 

high - strong consensus)



Pharmaconutrients and pharmacological agents

Maurizio Muscaritoli et al. Clinical Nutrition 40 (2021) 2898-2913



2021 ESPEN guidelines on nutrition in cancer 
patients

• In patients with advanced cancer undergoing chemotherapy and at risk 
of weight loss or malnourished, we suggest using supplementation with 
long-chain N-3 fatty acids or fish oil to stabilize or improve appetite, 
food intake, lean body mass, and body weight. (Recommendation B5-7; 
strength of recommendation weak- Level of evidence low- strong 
consensus)

Maurizio Muscaritoli et al. Clinical Nutrition 40 (2021) 2898-2913



• Despite some systematic reviews, like Dewey et al. 2007, which concluded that there was 
insufficient evidence to support a recommendation for long-chain omega-3 fatty acids to 
treat cancer cachexia [51], two recent reviews demonstrate that long-chain fatty acids 
improved appetite, body weight, post-surgical morbidity, and quality of life in weight-
losing cancer patients [52] and long-chain N-3 fatty acids in similar population during 
chemo and/or radiotherapy and reported beneficial effects when compared to a control 
arm, most prominently conservation of body composition [53]. Interestingly, there are 
several reports on the protective effects of fish oil on chemotherapy-induced toxicities 
like peripheral neuropathy [54,55]. When supplemented in usual doses fish oil and long-
chain N-3 fatty acids are mostly well-tolerated. Mild GI effects were reported; the taste, a 
fishy aftertaste or fish belching, may impair compliance [56]. Recently ibrutinib has been 
associated with epistaxis in patients taking fish oil supplements; therefore, patients 
receiving ibrutinib should be counseled to avoid fish oil supplements. Due to the 
inconsistencies in the reported effects but with several positive trials published during the 
last few years reporting nutritional benefits, a plausible biological rationale, only mild side 
effects and no convincingly serious safety issues a weak recommendation for the use of 
fish oil and long-chain N-3 fatty acids has been made.

Maurizio Muscaritoli et al. Clinical Nutrition 40 (2021) 2898-2913
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Structure of the ESPEN practical guideline: “Clinic al nutrition in cancer”

Maurizio Muscaritoli et al. Clinical Nutrition 40 (2021) 2898-2913



General concepts of treatment relevant to all cance r patients

Maurizio Muscaritoli et al. Clinical Nutrition 40 (2021) 2898-2913



Types of nutrition intervention and Exercise

Maurizio Muscaritoli et al. Clinical Nutrition 40 (2021) 2898-2913





Tackling 

malnutrition in 

oncology as a 

multidisciplinary 

team approach



Continuum of care 

for the cancer 

patient: the 

parallel pathway in 

oncology



Proposed treatment 
algorithm incorporating 
the nutritional status in 
oncology



Nutritional goals in cancer treatment
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Take home message

• Anorexia/cachexia and malnutrition in oncology patients is a very 
frequent problem.

• Oncology patients are in very high risk of malnutrition and therefore 
increasing the risk of complications, length of hospital stay, and poor 
quality of life.

• Nutritional support started early helps in completing treatments and 
improving many outcomes.

• Nutrition strategies:

• Modulate or reduce cachexia

• Improve quality of life, oncology treatment tolerance and survival in cancer.





(Frida Kahlo)  



Frida Kahlo ( 芙烈達·卡蘿,墨⻄哥女畫家)


