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Anemia of inflammation or chronic illness (AOI)

Goldman’s Cecil of Medicine, 24th ed

억제signal



Biomarkers in inflammatory condition  

• Ferritin

• 염증 시 상승 (acute-phase reactant) 

• TSAT: Iron/TIBC x 100 (%) 
• Serum iron

• 염증 시 hepcidin 상승 → serum iron 감소

• TIBC (Total Iron Binding Capacity)
• 혈액 내 모든 transferrin이 결합 가능한 철의 총량 (잠재적 철 결합 능력)

• TIBC (µg/dL) ≈ Transferrin (mg/dL) × 1.25
• Transferrin은 negative acute-phase reactant  → 염증 시 감소



ADC ⇒ AOI ≠ FID

Functional iron deficiency는 AOI 및 Chronic disease나 Cancer anemia의 중요한
mechanism중 하나, 

AOI에는 Functional iron deficiency 이외에도 다양한 기전이 작용.

(조혈감소, 적혈구 생존 감소, EPO 반응성 감소, 골수 침윤 등..) 

FID 감별을 통한 parenteral iron therapy의 적용은 일부 AOI 및 Cancer anemia개선에 도움



Special situations in the context of FID

HF - CKD - IBD

• 심장 자체에도 철이 필요: Mitochondrial function, 
ATP 생성에 필수 → 철 결핍 시 심근 수축력 저하

• 심부전시 골격근, 심근의 철 수요 ↑ : 철 결핍이
있으면 산소 이용 효율 ↓, 운동능력 저하

• 심부전 → 전신 염증 → IL-6 증가 → Hepcidin 증
가 → FID 유발

• Anemia는 HF 예후를 악화시킴, 그러나 Anemia가
없어도 iron deficiency 자체가 HF 예후를 악화

• Anemia 여부와 무관하게 FID 집단에서 IV iron 유
용성 (심장 연관 outcome 개선)이 입증되었음

1. 철결핍 상태로 평가되면
• Ferritin < 100 µg/L or

• Ferritin 100–299 µg/L when TSAT<20%

2. (Hb 15 초과하지 않는다면) 빈혈여부와 상관없이 고
용량 iv iron 제제를 투약

1. McDonagh TA, et al. Eur Heart J. 2021;42(36):3599-3726; 2. McDonagh TA, et al. Eur Heart J. 2023 Aug 25; doi: 10.1093/eurheartj/ehad195. 



• 신부전 → 요독증, 만성 염증 → IL-6 및 염증상 사
이토카인 증가 → Hepcidin 증가 → FID 유발

• Erythropoietin (EPO) 생성 감소 → ESA 치료 필요

• FID 상태에서는 ESA 단독 치료 효과 떨어짐 (ESA 
반응하려면 충분한 기능적 철 공급이 전제조건이
되어야함) 

• 경구 대비 IV iron 사용을 권고하고 있음. 

• Several Guidelines 

1. NKF-Kidney Disease Outcomes Quality Initiative (KDOQI)

2. National Institute for Clinical Excellence (NICE) 

3. KDIGO 2012

4. European Best Practice 

① Guideline 별로 ID 치료를 권고하는 ferritin, TSAT 

수치가 상이 (Ferritin <100, <200, <300, not exceeding 

500 or 800, TSAT 20-30%)

② ESA 사용 여부에 따라서도 상이
(ID 평가 기준으로서 TSAT, ferritin 수치가 상향) 

③ 투석 여부에 따라서도 상이
(투석을 하면 ID 평가 기준으로서 ferritin 수치가 상향) 

1. KDOQI. Am J Kidney Dis. 2006;47(5 Suppl 3): S58-70; 2. NICE guideline [NG203] Published: 25 August 2021  Available at https://www.nice.org.uk/guidance/ng203. assessed May 2023; 3. KDIGO Clinical practice guideline for anemia in chronic kidney disease Kidney Inter 
Suppl. 2012;2:279-335; 4. Locatelli F et al. Nephrol Dial Transplant. 2013;28:1346–1359; 5. Babitt J, et al . Kidney International. 2021;99, 1280–1295.

Special situations in the context of FID

HF - CKD - IBD



• 위장관 출혈, 장 점막의 흡수장애, 염증 상태 등
의 IBD 병태생리상 경구 iron의 흡수 제한

• 경구 iron에 대한 내약성 낮음: 복통, 설사, 악화
된 장 증상 유발 가능성 있음. 

• 철 결핍성 빈혈 교정에서 IV iron이 경구 iron보
다 효과적

References: PMID 38864796

Dignass AU et al. J Crohns Colitis. 2015;9:211-22

Special situations in the context of FID

HF - CKD - IBD



Eur J Anaesthesiol. 2015 Mar;32(3):160-7

PREPARE: the prevalence of perioperative anaemia and need for PBM
in elective orthopedic surgery
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1. Beattie WS et al. Anesthesiology. 2009;110(3):574–81
2. Fowler AJ et al. Br J Surg. 2015;102(11):1314–24

1.93x higher probability 

of infection

(OR= 1.93, P=0.01)§2

3.75x higher probability 

of kidney injury

(OR= 3.75, P<0.001)§2 

2.9x higher probability 

of mortality

(OR= 2.9, P<0.001)§2

5.04x increase in 

transfusions

(OR= 5.04, P<0.001)§2

Preoperative anaemia is 

associated with

22% longer hospital stay

(11 vs 9 days, P=0.0001)*1

* Retrospective single-centre cohort study of consecutive patients >18 years undergoing non-cardiac surgery between March 2003 and June 2006 (N= 7,759). Shown are the propensity-
matched values for variables that are potential confounders in the relationship between anaemia and postoperative mortality (N=2,090).1
§ Systematic review and meta-analysis of observational studies exploring associations between preoperative anaemia and postoperative outcomes (24 studies N=949,445).2
† Retrospective cohort study of major non-cardiac surgery in 2008 (a prospective validated outcomes registry from 211 hospitals worldwide, N=227,425). OR presented had an extended 
adjustment for a large number of clinically relevant variables.3



Smilowitz NR et al. Am J Med 2016;129:315–323
12

Long-term mortality 

increases with incre

ased severity of pre

operative anaemia*
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Preoperative anaemia was highly prevalent in total 

hip or knee arthroplasty and hip fracture surgery 

(24–44%)

Preoperative anaemia was associated with 

high blood transfusion rate ~45%

Treatment of preoperative anaemia decreased the 

need for blood transfusion and may contribute to 

improved patient outcomes

F, female; Hb, haemoglobin; M, male; Los, length of stay; NR, not reported; OR, odds ratio; 

THA, total hip arthroplasty 

Spahn DR. Anesthesiology 2010;113:482–495
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Hospital LoS was significantly increased in 

patients with preoperative anaemia versus 

non-anaemic patients
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Re-admissions and major complications 

were significantly increased in patients with 

preoperative anaemia
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Re-admission

Hospital LoS

Major complications

Hospital LoS was 

not significantly 

increased in this 

study (P=0.057)

Anterior cervical 

discectomy and 

fusion

Hindfoot and 

ankle 

arthrodesis
Lumbar 

decompression 

and fusion 

procedures Unilateral 

primary 

total knee 

arthroplasty

Fast-track 

hip and knee 

arthroplasty

*Positive values indicate greater risk with anaemia. LoS, length of stay

1. Gruskay JA et al. Clin Spine Surg 2016;29:E34–E42; 2. Dix B et al. Foot Ankle Spec 2017 Apr;10(2):109-115 3. Sanoufa M et al. J Perioper Pract 2015;25:267–271; 
4. Pitter FT et al. Anesth Analg 2016;122:1807–1815; 5. Chamieh JS et al. J Arthroplasty 2016;31:766–770 7. Khanna R et al. Clin Spine Surg 2016 Jul 14. [Epub ahead of print]; 
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Multivariate logistic regression
Aseptic revisions, aOR (95% C

I) P value
Septic revisions, 

aOR (95% CI) P value

Any complication 1.45 (1.24–1.70) <0.001 2.16 (1.83–2.56) <0.001

Deep infection 1.68 (1.19–2.38) 0.003 1.44 (1.06–1.94) 0.018

Mortality 2.18 (1.09–4.36) 0.028 3.16 (1.03–9.74) 0.045

Increased hospital LoS (days) 1.02 (0.73–1.31) <0.001 2.04 (1.53–2.55) <0.001

Multivariable regression analysis assessing anaemia* as a risk factor for complications

In patients undergoing total joint arthroplasty, preoperative anaemia was independently associated 

with postoperative complications, mortality and increased hospital LoS versus no anaemia

Lu M et al. J Arthroplasty 2017;32:S197–S201
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Transfusion requirement was significantly 

increased in patients with preoperative anaemia 

versus non-anaemic patients
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Haemoglobin (g/dL)

Surgical repair of 

consecutive hip 

fracture

The Hb 8.0–10.0 g/dL and Hb <8.0 g/dL groups had a parti

cularly high proportion of patients who required transfusion 

(55.6% and 90.5%, respectively)

Hb, haemoglobin

1. Chamieh JS et al. J Arthroplasty 2016;31:766–770; 2. Kasivisvanathan R et al. Transfusion Med 2016;26:271–277; 3. Saleh E et al. Br J Anaesth 2007;99:801–808; 4. Carson JL et al. JAMA 1998;279:199–205



Kristof Verraes et al., Annals of Gastroenterology 2015;28, 19-24; Ludwig H, 2004; 
Ludwig et al. Annals of Oncology. 2013 May 29;  Hairong Xu et al., Clinical Epidemiology 2016:8 61–71



Silvia Park et al., oncotarget 2015



Ludwig et al. Annals of Oncology. 2013 May 29



1. Madeddu C et al. J Exp Pharmacol. 2021 Jun 24;13:593-611.
2. Bryer and Henry. International Journal of Clinical Transfusion Medicine 2018:6 21–31



Busti F. et al. Pharmaceuticals (Basel). 2018 Sep 30;11(4):94.

ID, Iron Deficiency; ChT, Chemotherapy; RT, Radiotherapy; 
ESA, Erythropoietic Stimulating Agents; CKD, Chronic Kidney Disease



Ludwig H. et al. Annals of Oncology 24: 1886–1892, 2013
Flavio Augusto Naoum. Rev Bras Hematol Hemoter. Oct-Dec 2016;38(4):325-330

Iron deficiency in cancer patients

18% 82%

Absolute iron deficiency

(iron reserve absent)

Decreased hepcidin

Ferritin < 100 ng/dL

Functional iron deficiency

(iron reserve present)

Increased hepcidin

Ferritin > 100 ng/dL

Transferrin saturation < 20%

Anemia



Chemotherapy 
response

Quality Of Life 

Poor survival

Aapro M, et al. Ann Oncol 2018;29(Suppl 4):iv96–iv110. (ESMO guidelines)
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페린젝트 투여 2달 후



Beshara S et al. Br J Haematol 2003;120:853–9
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THE EFFICACY OF FERINJECT IN CIA

➢ Efficacy of intravenous iron replacement for chemotherapy-induced anemia: A prospective phase II pilot study

➢ Objectives: to evaluate the efficacy of IV iron administration without erythropoiesis-stimulating agents for anemia in 

cancer patients and to identify biomarkers for hemoglobin (Hb) response to predict the need for iron supplementation.

➢ Methods: This was a prospective single-arm phase II study conducted between April 2015 and July 2017 with an 

observation period of 8 weeks. (The cut-off for data collection was February 2018)

Jun Ho Jang et al., Plos Medicine 2020

*only if baseline Hb level was 8·0- 10·5 g/dL

➢ Primary End Point

- Hemoglobin response (Increase of ≥1.0g/dL Hb or Hb correction 

≥11g/dL*) during follow-up period 

➢ Secondary End Point

o Change of Mean hemoglobin

o Change of anemia related biochemical variables

: iron, ferritin, total iron binding capacity (TIBC), TSAT, 

soluble, transferrin receptor (sTFR), hepcidin, erythropoietin 

(EPO), interleukin-6 (IL-6)



66% PATIENTS SHOWED 
HEMOGLOBIN RESPONSE WITH FERINJECT

Jun Ho Jang et al., Plos Medicine 2020

Total ,n(%) 92 (100)

Hemoglobin

Response at visit 3

Responder 61(66.30)

Non responder 31(33.70)

Hemoglobin Response by visit 

Hemoglobin

Response at visit 1 
Responder 36(39.13)

Non responder 56(60.87)

Hemoglobin

Response at visit 2 
Responder 53(57.61)

Non responder 39(42.39)

[Hemoglobin response*]

*Hemoglobin response: Without transfusion or ESA, increase of Hb ≥1.0g/dL or correction of Hb ≥ 11.0 g/dL

Visit 1, 2, 3: From baseline, approximately week 3, 6, 8 after

➢ Over time, a greater Hb change was observed after IV iron injection. 36 (39.1%), 56 (60.9%), and 61 (66.3%) 

responders were observed at weeks 3, 6, and 8, respectively. 

➢ In the PP population, mean increase in Hb levels from baseline to the end of treatment was 1.77±1.30g/dL.



FERINJECT IS ALSO EFFECTIVE IN FUNCTIONAL ID

• Without absolute IDA, Functional IDA patients showed Hb response. 

Jun Ho Jang et al., Plos Medicine 2020

[Hemoglobin response in functional ID]

Responder/ total (%)

Absolute ID
Ferritin <30ng/mL or TAST 

< 20% 
19/20 (95%)

Functional ID 42/72 (58.3%)

N
C

C
N

 c
ri
te

ri
a

Ferritin 30-500ng/mL and TAST < 50% 34/56 (60.7%)

Ferritin >500-800ng/mL and TSAT < 50% 3/6 (50%)

Ferritin >800ng/mL or TSAT ≥ 50% 5/10 (50%)



TREATMENT OF ANEMIA IN CANCER PATIENTS
UNDERGOING CHEMOTHERAPY WITH IV FCM WITHOUT
ESA

20 OCTOBER 2025

Results: Response

➢ Among the whole study population, a total of 50 (59.5%) patients had an increment in Hb ⩾ 1.0 gm/dL (responders) at 

week-12. 

➢ Response rate was the highest among the patients with AIDA (80.8%). However, patients with FIDA had also a high 

repose rate (70.8%) and both were significantly higher than group III, with a response rate of 35.3% (p = 0.00027; Table 

5). 

Hikmat Abdel-Razeq et al., Therapeutic Advances in Medical Oncology 2020 (Impact factor 2019: 5.70)

➢ A total of 6 (7.1%) 

patients received blood 

transfusions.




