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WHY CANCER?

Patient diagnosed 

with a HM or STN 

Antineoplastic 

therapy
Immunocompromised

↑ Infection risk

↑ Morbidity ↑ Mortality

↑ Economic 

burden 

Underlying 

malignancy Indwelling 

devices

Frequency 

of hospital 

contact

• 49.4 infections per 1,000 patient-days (HM)

• AUD $34,843 per hospitalisation

Valentine et al. Int J Epidemiol 2019; doi:10.1093/ije/dyz162

Valentine et al. BMC Infect Dis 2019; 19:274

Valentine et al. Med J Aust 2019; 210(4):188-.e1

Valentine et al. Mycoses 2019; in press

Puhto & Syrjälä. J Hosp Infect 2015; 90(1):46-51



CHALLENGES IN COMPARING 

INFECTION BURDEN IN CANCER

Why?

• Heterogeneity

o Study design

o Type of infection and study cohort

o Data

o Study definitions

o Statistical methods



WHAT IS CURRENT?

Valentine et al. (2019) Int J Epidemiol;10.1093/ije/dyz162

How/what data are used for infection surveillance in 

the immunocompromised host?

35% - pathology data

12% - radiology data

6% - pharmacy-dispensing data

11/17 studies = 65% used coding data + other



ICD-10-AM

Entity 1

Entity 2



Disease classification

ICD-10-AM: USE FOR INFECTION MONITORING…?

Advantages Disadvantages

Standardised Accuracy contingent on medical 

record abstractions

↓ attrition bias ↑ desirability bias

↓ sampling bias ↑ information bias

Feasible Often poor sensitivity, 

specificity, PPV and NPV

Readily available electronically Inpatients only

Routinely collected / archived Time lag

Periodic updates to codes

Primary purpose Secondary purpose

Activity-based funding Infection monitoring



STUDY RATIONALE

How Why

Explore?
How ICD-10-AM can be used to measure infection burden in 

cancer populations

Evaluate? Relative disease burden in patients with cancer

Use?
Could ICD-10-AM be used as a surrogate measure/metric to 

inform in depth surveillance activities



AIMS & METHODS

Methods

Descriptive statistics
Kaplan-Meier & Cox 

regression

Objectives

Incidence Prevalence
Risk (inhospital 

mortality)

Aim 1

All coded infections

Methods

Descriptive 
statistics

Logistic 
regression

Negative binomial 
regression

Objectives

Prevalence Associations ↑ LOS

Aim 2

Coded healthcare-identified infections (HII)

Peter MacCallum Cancer Centre (2007 – 2017)



A40, A41, R651, R572, O85, A50, A51, A52, A53, A54, A55, A56, A57, A58, A59, A60, A63, A64, N290, B20, B21. B22, B23, B24, A39, A801, A802, A803, A804, A809, A811, A812, A818, A819, A82, A83, A84, A85, A86, A87, A88, A89, G00, G01, G02, G030, G039, G04, G05, G06, G07,

G08, G09, G610, B30, H000, H03, H043, H050, H100, H102, H103, H109, H130, H131, H160, H190, H191, H192, H220, H440, H451, H600, H601, H602, H603, H608, H609, H62, H65, H66, H67, H680, H70, H730, H750, H830, H940, J00, J01, J02, J03, J04, J05, J06, J32, J340, J36, J37,
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N10, N136, N151, N300, N341, N351, N37, N390, N410, N411, N412, N413, N431, N45, N481, N482, N490, N49, N51, N70, N71, N72, N73, N74, N751, N764, N87, A46, L00, L01, L02, L03, L04, L050, L08, B86, S1013, S1083, S1093, S2013, S2033, S2043, S2083, S3083, S3093, S4083,

S5083, S6083, S7083, S8083, S9083, T009, T0903, T1108, T1303, T1403, T633, T634, T793, T8901, T8902, N61, M462, M463, M464, M465, M00, M01, M021, M023, M03, M600, M630, M631, M632, M650, M651, M680, M710, M711, M896, T802, T814, T826, T827, T835, T836, T845,

T846, T847, T857, T874, R761, R762, T36, T37, T485, T487, T490, T495, T496, T499, T788, T789, T880, T881, T887, A20, A21, A22, A23, A24, A25, A26, A27, A28, A30, A31, A32, A33, A34, A35, A36, A37, A38, A42, A43, A44, A480, A483, A484, A488, A49, A65, A66, A67, A68, A69,

A70, A71, A74, A75, A77, A78, A79, B95, B96, A90, A91, A92, A93, A94, A95, A96, A98, A99, B00, B01, B02, B03, B04, B05, B06, B07, A08, B09, B25, B26, B27, B33, B34, B97, B35, B36, B38, B39, B40, B41, B48, B49, B50, B51, B52, B53, B54, B55, B56, B57, B58, B60, B64, B65, B66,

B67, B68, B69, B70, B71, B72, B73, B74, B75, B76, B77, B78, B79, B80, B81, B82, B83, B85, B86, B87, B88, B89, B94, B99, E033, E321, F024, F071, I88, T64, Z0650, Z0653, Z0658, Z0661, Z0641, Z0662, Z0649, Z0663, Z0651, Z0631, Z0639, Z0652, Z0632, Z0671, Z0672, Z0673, Z0674,

Z0669, Z0678, Z0699, Z0660, Z0690, Z0669, Z0677, Z068, Z0671, B37, B43, B45, B44, B46, B47, B59, B42

C910 (0/1), C918 (0/1), C920 (0/1), C925 (0/1), C926 (0/1), C928 (0/1), C940 (0/1), C942 (0/1), C930 (0/1), C924 (0/1), C943 (0/1), C944 (0/1), C923 (0/1), C911 (0/1), C914 (0/1), C916 (0/1), C921 (0/1), C922 (0/1), C810, C811, C812, C813, C814, C817, C819, C820, C821, C822, C823,

C824, C825, C826, C827, C829, C830, C831, C833, C835, C837, C838, C839, C840, C841, C844, C846, C847, C851, C852, C957, C859, C880 (0/1), C884 (0/1), C848, C849, C860, C861, C862, C863, C865, C866, C833 (0/1), C900 (0/1), C902 (0/1), C903 (0/1), D46, C946 (0/1), C845,

C882 (0/1), C887 (0/1), C889 (0/1), C901 (0/1), C915 (0/1), C917 (0/1), C919 (0/1), C927 (0/1), C929 (0/1), C931 (0/1), C937 (0/1), C939 (0/1), C947 (0/1), C950 (0/1), C951 (0/1), C957 (0/1), C959 (0/1), C960, C962, C964, C965, C966, C967, C968, C969, C941 (0/1), C913 (0/1), C918 (0/1),

C00 – C08, C11, C30, C09, C10, C12 – C14, C15, C16, C18 – C21, C26, C22, C23 – C24, C25, C32, C37 C33 – C34, C39, C45, C31, C43, C44, C46, C50, C53, C54, C46, C51, C52, C55, C57, C58, C61, C62, C60, C63, C64 – C66, C68, C67, C70 – C72, C73, C38, C40, C41, C47, C48,

C49, C69, C74, C75, C76, C80, C770, C771, C772, C773, C774, C775, C778, C779, C780, C781, C782, C783, C784, C785, C786, C787, C788, C790, C791, C792, C793, C794, C795, C796, C797, C798, C799

1370607 [802], 1370608 [802], 9620400 [1920], 9619600 [1920], 9619800 [1920], 9619900 [1920], 9620800 [1920], 9620800 [1920], 9620000 [1920], 9620100 [1920], 9620600 [1920], 9619700 [1920], 9620200 [1920], 9620300 [1920], 9620500 [1920], 9620900 [1920], 1500000 [1786],

1500300 [1786], 1510000 [1787], 1510300 [1787], 1522400 [1788], 1523900 [1788], 1525400 [1788], 1526900 [1788], 1550000 [1798], 1550300 [1798], 1550600 [1798], 1560000 [1789], 1560001 [1789], 1560002 [1789], 1560003 [1789], 1560004 [1789], 1550601 [1798], 1550602 [1798],

1550900 [1798], 1555000 [1798], 1551800 [1799], 1552100 [1799], 1552400 [1799], 1555600 [1799], 1552401 [1799], 1552700 [1799], 1553000 [1799], 1553300 [1799], 1555601 [1799], 1553600 [1799], 1553601 [1799], 1553602 [1799], 1553900 [1799], 1554100 [1799], 3721701 [1800],

5095000, Z510, 1530300 [1790], 1530400 [1790], 1531100 [1790], 1531200 [1790], 1531900 [1790], 1532000 [1790], 9076400 [1791], 9076401 [1791], 1532700 [1792], 1532701 [1792], 1532706 [1792], 1532702 [1792], 1532703 [1792], 1532707 [1792], 1532704 [1792], 1532705 [1792],

1533800 [1792], 1536000 [1792], 1533900 [1793], 1501200 [1794], 9076600 [1794], 1601200 [1795], 1600900 [1795], 1601800 [1795], 1601500 [1795], 9096000 [1795], 1534200 [1796], 1535100 [1796], 9076500 [1797], 9076501 [1797], 9076502 [1797], 9076503 [1797], 9076504 [1797],

3311200, 3311500, 3311800, 3312100, 3315100, 3315400, 3315700, 3316000, 3057100, 3057200, 3037530, 9031100, 3150000, 3150001, 3151500, 3151800, 3151801, 3152400, 3152401, 3155700, 4552100, 4552101, 4552102, 4552103, 4552104, 4552105, 4552400, 4552700, 4552701,

4552800, 4553000, 4553001, 4553300, 4553600, 4553900, 4554200, 4554800, 4554801, 4555100, 4555200, 4555400, 4555500, 4555600, 3845601, 3845610, 3845611, 3845612, 3845613, 3845614, 3845615, 3845616, 3845617, 3845618, 3847500, 3847501, 3847502, 3847700, 3847701,

3847702, 3848000, 3848001, 3848002, 3848101, 3848102, 3848300, 3848500, 3848501, 3848700, 3848800, 3848801, 3848802, 3848803, 3848804, 3848805, 3848806, 3848807, 3848900, 3848901, 3848902, 3848903, 3848904, 3848905, 3849300, 3850700, 3850800, 3850900, 3851200,

3851500, 3851800, 3855300, 3855301, 3855600, 3855601, 3856200, 3856201, 3856500, 3856501, 3865000, 3865301, 3865302, 3865303, 3865304, 3865305, 3865306, 3865307, 3867000, 3867300, 3867301, 3867700, 3868000, 3873900, 3874202, 3874500, 3874800, 3875102, 3875400,

3875401, 3875700, 3875701, 3875702, 3876000, 3876001, 3876002, 3876300, 3876301, 3876600, 3876601, 9020000, 9022400, 3849700, 3849701, 3849702, 3849703, 3849704, 3849705, 3849706, 3849707, 3850002, 3850003, 3850004, 3850302, 3850303, 3850304, 3863700, 3850000,

3850001, 3850300, 3850301, 9020100, 9020101, 9020102, 9020103, 3037505, 3037526, 3044300, 3044500, 3044600, 3044800, 3044900, 3045401, 3045500, 3037500, 3037502, 3037504, 3037514, 3037525, 3037528, 3038202, 3056202, 3056203, 3056205, 3056301, 3200000, 3200001,

3200300, 3200301, 3200400, 3200401, 3200500, 3200501, 3200600, 3200601, 3200900, 3201200, 3201500, 3202400, 3202500, 3202600, 3202800, 3202900, 3202901, 3203000, 3203300, 3203900, 3204700, 3205100, 3205101, 3206000, 3209600, 3209900, 3210800, 3211200, 4399301,

9034100, 9095900, 3901200, 3960000, 3960300, 3960301, 3961500, 3961501, 3964000, 3964200, 3964600, 3965000, 3965300, 3965800, 3965801, 3966000, 3966001, 3966002, 3966003, 3966200, 3966201, 3966202, 3966203, 3970300, 3970301, 3970302, 3970303, 3970600, 3970601,

3970602, 3970900, 3970901, 3970902, 3971200, 3971201, 3971202, 3971203, 3971204, 3971500, 3971501, 3971800, 3972100, 3980000, 3980001, 3980300, 3980600, 3981200, 3981500, 3981800, 3982100, 3990000, 3990300, 3990600, 4001500, 4010600, 4010601, 4010900, 4070000,

4070300, 4070301, 4070302, 4070600, 4070900, 4070901, 4071200, 4071201, 4080100, 4157500, 4158100, 9000600, 9000702, 9004300, 9004400, 9004800, 9004801, 9004802, 9004803, 1652000, 1652001, 1652002, 1652003, 3564900, 3273900, 3274200, 3274500, 3274800, 3275100,

3275101, 3275102, 3275103, 3275400, 3275401, 3275402, 3273900, 3274200, 3274500, 3274800, 3275100, 3275101, 3275102, 3275103, 3275400, 3275401, 3275402, 4866000, 4866900, 4864200, 4864500, 4864800, 4865100, 4865400, 4865700, 4865401, 4865701, 3037506, 3037510,

3037512, 3037513, 3037515, 3049601, 3049602, 3049700, 3049701, 3049702, 3050000, 3050200, 3050300, 3050301, 3050302, 3050303, 3050304, 3050305, 3050500, 3050900, 3051100, 3051101, 3051200, 3051201, 3051202, 3051400, 3051500, 3051700, 3051701, 3051800, 3051801,

3051802, 3052000, 3052100, 3052300, 3052400, 9030400, 9033900, 9034202, 3040300, 3040301, 3040500, 3040501, 3040502, 3040503, 3040504, 3040505, 3060900, 3060901, 3060902, 3060903, 3061400, 3061401, 3061402, 3061403, 3061700, 3061701, 3061702, 4752200, 4931500,

4931800, 4931900, 4932400, 4932700, 4933000, 4933300, 4933900, 4934200, 4934500, 4934600, 5021700, 5021503, 5021803, 3565300, 3565301, 3565302, 3565303, 3565304, 3566100, 3566400, 3566700, 3567000, 3575600, 3575601, 3575602, 9044800, 9044801, 9044802, 4951700,

4951800, 4951900, 4952100, 4952101, 4952102, 4952103, 4952400, 4952401, 4952700, 4953000, 4953001, 4953300, 4953400, 4955400, 5021700, 5021503, 5021803, 300751, 3037501, 3037503, 303759, 3037519, 3037524, 3037529, 3038200, 3047805, 3051501, 3051502, 3056200,

3056201, 3056204, 3056300, 3056400, 3056500, 3056600, 3056800, 3058000, 3058101, 3146200, 3206900, 3206901, 4380700, 4381000, 4381001, 9030600, 9030700, 9034000, 3565700, 3566401, 3566701, 3567300, 3567301, 3575000, 3575300, 3575301, 3901500, 3901501, 4000000,

4000300, 4000301, 4000302, 4000303, 4000304, 4000600, 4000900, 4000901, 4000902, 4000903, 4000904, 4000905, 4001200, 4001201, 9000101

THE BIG DATA COMMONS

Infection = Infection codes + (1 + 2 condition-onset flag [COF])

Healthcare-identified infection = infection code + 2 COF

Haematological malignancy = C81x [0/1] – C96x [0/1]

Solid tumour neoplasm = C00x – C80x 

Autologous HSCT = 1370607 [802], 1370608 [802]

& other procedures …



AIM 1

ALL CODED-INFECTION



RESULTS

Exposed = infection code

Unexposed = NO infection code



AIM 1: INFECTION INCIDENCE

Big players

• Gastrointestinal tract infections

• Bloodstream infections

• Lower respiratory tract infections

In whom…?

• Multiple myeloma

• Hodgkin lymphoma

• Acute myeloid leukaemia



AIM 1: MORTALITY

Haematological malignancy Solid tumour neoplasm

Adjusted HR: 1.70; 95% CI: 1.49 – 1.94 Adjusted HR: 1.26; 95% CI: 0.87 – 1.82 



AIM 2

ALL CODED HEALTHCARE-
IDENTIFIED INFECTION



AIM 2: HII PREVALENCE

Most affected?

• Acute myeloid 

leukaemia 

• 45%

• Multiple myeloma

• 42%

Of all coded infection…

• Acute myeloid 

leukaemia 

• 52%

• Multiple myeloma

• 54%



AIM 2: ASSOCIATIONS WITH HII ONSET

Covariate Adjusted OR (95% CI) 𝜷 coefficient p value 

ICU admission 2.64 (2.22 – 3.13) 0.97 < 0.001

Liver disease 2.49 (1.07 – 5.81) 0.91 0.035

Neutropenia * 2.37 (1.95 – 2.89) 0.86 < 0.001

HM diagnosis 2.29 (1.88 – 2.80) 0.83 < 0.001

Intravenous administration 

of chemotherapy
2.18 (1.82 – 2.61) 0.78 < 0.001

Multivariate logistic model

*ICD-10-AM code: D70 (“agranulocytosis”)



AIM 2: IMPACT OF HII ON LOS
Multivariate negative binomial regression analysis

HM STN

Healthcare-identified 

infection

Adjusted IRR 

(95% CI)
p value 

Adjusted IRR 

(95% CI)
p value 

GUI 1.70  (1.36 – 2.13) < 0.001 1.84 (1.64 – 2.06) < 0.001 

IFD 1.58 (1.30 – 1.93) < 0.001 1.90 (1.65 – 2.18) < 0.001 

BSI 1.58 (1.45 – 1.73) < 0.001 2.13 (1.95 – 2.33) < 0.001

Skin and soft tissue 1.46 (1.17 – 1.80) 0.001 2.13 (1.83 – 2.48) < 0.001

LRTI 1.43 (1.25 – 1.64) < 0.001 1.73 (1.57 – 1.90) < 0.001

GTI 1.37 (1.27 – 1.47) < 0.001 1.57 (1.44 – 1.71) < 0.001 

URTI 1.32 (1.02 – 1.71) 0.032 1.05 (0.75 – 1.47) 0.788



IMPLICATIONS,  
LIMITATIONS & 
NEXT STEPS



IMPLICATIONS 

• ICD-10-AM can be applied in diverse ways to measure 

disease burden

• ICD-10-AM suggest that high-risk cancer populations 

can be identified

• Reflected by clinical data

• Coded-infections = ↑ LOS + ↑ mortality + ↑ burden



LIMITATIONS

ICD-10-AM 
in cancer

↓ sensitivity 
/ specificity

↑ NOS 
codes

Validation for 
infection 

monitoring NOT 
performed in 

cancer

Timeliness 
of coding

Time of 
infection 
onset?

Impact of 
new funding 

models

Quality of 
clinical 
coding

A08 + A09 (GTI)

• HM: 62%

• STN: 51%



NEXT STEPS…

1
Validation: Validate coding accuracy of infections in cancer

2
Impact evaluation: ICD-10-AM accuracy in HAC funding models

3
Refinement: Data linkage and novel methods (e.g. computer-assisted coding)

Fit for purpose

HAC funding Infection monitoring
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