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Abstract
Introduction: Abnormal results in common blood tests may occur several months 
before lung cancer (LC) and colorectal cancer (CRC) diagnosis. Identifying early 
blood markers of cancer and distinct blood test signatures could support earlier 
diagnosis in general practice.
Methods: Using linked Australian primary care and hospital cancer registry 
data, we conducted a cohort study of 855 LC and 399 CRC patients diagnosed 
between 2001 and 2021. Requests and results from general practice blood tests 
(six acute phase reactants [APR] and six red blood cell indices [RBCI]) were ex-
amined in the 2 years before cancer diagnosis. Poisson regression models were 
used to estimate monthly incidence rates and examine pre-diagnostic trends in 
blood test use and abnormal results prior to cancer diagnosis, comparing patterns 
in LC and CRC patients.
Results: General practice blood test requests increase from 7 months before CRC 
and 6 months before LC diagnosis. Abnormalities in many APR and RBCI tests 
increase several months before cancer diagnosis, often occur prior to or in the 
absence of anaemia (in 51% of CRC and 81% of LC patients with abnormalities), 
and are different in LC and CRC patients.
Conclusions: This study demonstrates an increase in diagnostic activity in 
Australian general practice several months before LC and CRC diagnosis, in-
dicating potential opportunities for earlier diagnosis. It identifies blood test 
abnormalities and distinct signatures that are early markers of LC and CRC. If 
combined with other pre-diagnostic information, these blood tests have potential 
to support GPs in prioritising patients for cancer investigation of different sites to 
expedite diagnosis.
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1   |   INTRODUCTION

Lung cancer (LC) and colorectal cancer (CRC) are two of 
the five most common cancers in the world. In Australia, 
they account for 9% and 10% of all new cancer diagno-
ses each year respectively.1 Despite advances over recent 
decades, around 50% of LC and 40% of CRC patients in 
Australia are still diagnosed at a late stage,2 which is as-
sociated with lower survival.3–5 Consequently, LC and 
CRC remain the two leading causes of cancer death in 
Australia.1 Diagnosing LC and CRC earlier is essential to 
produce a stage shift and improve patient outcomes and 
experience. As most cancer patients are diagnosed after 
presenting with symptoms to primary care,6 even where 
screening programs exist, research is needed to determine 
if there are opportunities for earlier LC and CRC diagnosis 
in general practice.

Previous UK and Danish studies have shown there is 
increased diagnostic activity in general practice in the 
year preceding LC and CRC diagnosis. This indicates 
potential opportunities exist to expedite cancer diagno-
sis if these patients can be identified. In these studies, 
general practitioner (GP) consultation rates increased 
9 months prior to CRC diagnosis,7 with associated pre-
diagnostic increases in haemoglobin test requests and 
prescriptions for anti-haemorrhoidal medications, lax-
atives and proton pump inhibitors.7–9 GP consultations 
increased 4 months prior to LC diagnosis,10 accompa-
nied by increases in x-ray requests, lung function tests, 
and prescriptions for antibiotics, inhalers and cough 
suppressants.9,10 A small number of common blood test 
abnormalities have been found to increase in the lead 
up to LC and CRC diagnosis. These include increased 
rates of anaemia, raised inflammatory markers and 
thrombocytosis up to 9 months before CRC diagno-
sis11 and increases in mean CRP and platelet levels in 
the year preceding LC diagnosis.12 These abnormalities 
may be predictors of as-yet-undetected cancer13–16 and 
could help to diagnose patients earlier, particularly in 
the diagnostically challenging group of around half of 
LC and CRC patients who present with non-specific 
symptoms.17,18

It is unknown if similar increases in primary care 
diagnostic activity and blood test abnormalities occur 
before LC and CRC diagnosis in the other healthcare 
settings, such as Australia, where the primary health-
care system, access to diagnostic tests, population demo-
graphics and GP/patient help-seeking behaviours differ 
from Denmark and England. Knowledge is also needed 
on whether any additional blood test abnormalities 
occur pre-diagnosis that could be deployed for earlier 
identification of LC and CRC patients. This is needed 
to support earlier diagnosis, as blood test abnormalities 

are common and in isolation their predictive value for 
detecting cancer will be low.

We used linked Australian primary care and hospital 
cancer registry data to examine trends in GP blood test re-
quests and results over time prior to LC and CRC diagnosis. 
We aimed to identify when GP healthcare use first starts 
to increase pre-diagnosis and what blood test abnormali-
ties could be early markers of LC and CRC. Furthermore, 
we aimed to investigate whether pre-diagnostic patterns 
of blood test abnormalities differed among patients with 
LC and CRC.

2   |   MATERIALS AND METHODS

2.1  |  Design and datasets

We conducted a longitudinal cohort study using 
Australian linked primary care and hospital cancer 
registry data19 obtained via BioGrid,20 a research ser-
vice that specialises in linking datasets. Patients with 
a new diagnosis of LC or CRC were identified from 
two hospital based clinical cancer registries: for LC, 
the AUstralian Registry and biObank of thoRAcic can-
cers (AURORA) using the Peter MacCallum Cancer 
Centre and St Vincent's Hospital datasets; and for 
CRC, the Australian Comprehensive Cancer Outcomes 
and Research Database (ACCORD) using the Royal 
Melbourne Hospital and Western Health datasets21 
(Figure  1). AURORA and ACCORD contain clinician-
recorded information relating to the diagnosis, treat-
ment and outcomes of cancer patients.

Linked primary care data for this study were obtained 
from the MedicineInsight22,23 and Patron databases24,25 
(Figure 1). MedicineInsight is a representative, nation-
wide Australian database of de-identified primary care 
electronic health records (EHR) covering approximately 
8% of all general practices in Australia.22 For this study 
a subset of the MedicineInsight dataset comprising 
general practices located in the state of Victoria was 
used. The Patron primary care dataset24 is operated by 
the Department of General Practice at the University 
of Melbourne and contains de-identified patient clini-
cal and administrative data from over 130 GP clinics in 
Victoria.26

2.2  |  Defining the outcome and 
study population

Individuals aged ≥18 years with a new diagnosis of LC or 
CRC recorded in AURORA or ACCORD between 2001 
and 2021 were identified. The earliest date of cancer 
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diagnosis recorded in the clinical registry was determined 
(defined in ACCORD as the date that disease was first di-
agnosed by histology or imaging and defined in AURORA 
as the date of histological diagnosis or if not available 
then date of clinical diagnosis). LC and CRC patients 
were included in the study if they had linkage to either 
the MedicineInsight or Patron primary care databases and 
had at least one GP encounter in a linked general prac-
tice in the year before cancer diagnosis. For each patient 
in the final study population, clinician recorded hospital 
registry data were extracted on date of diagnosis, tumour 
characteristics (stage, morphology, site), route of diag-
nosis (symptomatic, screening, incidental), smoking his-
tory and relevant co-morbidities. Gold-standard National 
Bowel Cancer Screening data were not available, therefore 
‘screen detected’ status was determined from ACCORD, 
based on review of the hospital medical notes. As this 
group could include some symptomatic patients or pa-
tients with abnormal GP blood test results detected before 
they underwent screening these patients were included 
in the CRC cohort. Primary care data were extracted on 
patient demographics (age and sex), GP encounters (date) 
and GP blood test use and findings (date, test name, re-
sult) pre-diagnosis.

2.3  |  Defining the explanatory variables

The following blood tests were selected a priori for in-
clusion in this study based on clinical knowledge and 
published literature14: Six acute phase reactant (APR) 
tests (platelet count, inflammatory markers [CRP and 
ESR—considered together], white blood cell [WBC] 
count, albumin and ferritin) and six red blood cell in-
dices (RBCI) (haemoglobin, haematocrit, red blood 
cell [RBC] count, red blood cell distribution width 
[RBCDW], mean cell volume [MCV] and mean cell hae-
moglobin concentration [MCHC]). If patients had seen 
their GP at least once a year for two or more consecutive 
years pre-diagnosis, data on all such tests requested in 
primary care were extracted for 24 months pre-diagnosis 
from MedicineInsight and Patron. Otherwise, data were 
extracted from the first GP encounter in this period until 
cancer diagnosis. Data were extracted on test date, test 
type and test result (classified as normal or abnormal 
based on standard laboratory reference ranges in males 
and females). As raised ferritin is a marker of an acute 
phase response and low ferritin is a marker of iron de-
ficiency anaemia, both raised and low ferritin were in-
cluded in the analyses. Where units of measurement 

F I G U R E  1   Linked data sources used in the study and variables extracted from each source. *5 digits of Medicare ID; ACCORD, 
Australian Comprehensive Cancer Outcomes and Research Database; AURORA, AUstralian Registry and biObank of thoRAcic cancers; 
CRC, colorectal cancer; CRP, c-reactive protein; ESR, erythrocyte sedimentation rate; GP, general practice; HCT, haematocrit; LC, lung 
cancer; MCHC, mean cell haemoglobin concentration; MCV, mean cell volume; RBC, red blood cell; RBCDW, red blood cell distribution 
width; WBC, white blood cell count.
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varied between testing laboratories, the most frequently 
used unit was selected and, where appropriate, results 
were converted (e.g. haemoglobin results in g/L were 
converted to g/dL by dividing by 10). Any biologically 
implausible results were excluded. In the event a patient 
had more than one test result for the same test on the 
same day, only one test was included to prevent dupli-
cate counting, and the mean value of the results was 
used.

2.4  |  Statistical analysis

The baseline characteristics of the study population were 
examined, with sensitivity analyses conducted compar-
ing patient characteristics with (a) LC and CRC patients 
in the clinical registries without linkage to a primary 
care dataset and (b) State-wide data from the Victorian 
Cancer Registry on LC and CRC patients from 2016, to 
ensure they were comparable.27 Primary care diagnos-
tic activity was then examined in the year pre-diagnosis 
(GP visits, blood test use and abnormal blood test re-
sults) in LC and CRC patients. For analyses examining 
blood test use, the six RBCI, platelets and WBC were 
considered as one test type as they are all components 
of the full blood count (FBC) and normally requested 
together. Requests for the six APR test were analysed 
both combined as a composite variable and individually 
(FBC, inflammatory markers, ferritin and albumin) as 
they are not always ordered together. Estimates of the 
baseline characteristics and diagnostic activity were cal-
culated for the full LC and CRC study cohorts, followed 
by the two subgroups of patients who were selected by 
their GP to have blood tests and who had any abnormal 
results in the year pre-diagnosis.

Poisson regression modelling was used to examine 
trends over time in primary care diagnostic activity. 
For LC and CRC patients separately, the monthly rates 
of APR and FBC test requests were calculated for the 
24 months pre-diagnosis. Test request rate ratios (RR) 
were estimated comparing each monthly test request 
rate with the baseline testing rate at 24 months pre-
diagnosis. To identify the timing of the inflexion point 
when GP blood test requests first start to increase prior 
to cancer diagnosis we used the method previously 
described by Moullet et al. and Price et al.11,28 This in-
volved running a series of Poisson regression models 
with sequential monthly inflexion points and selecting 
the model with the best fit for estimating when testing 
rates first start to increase from the background rate. To 
assess the extent of blood test use over time, the monthly 
proportion of patients with an APR or FBC test were 
calculated for the 24-months before diagnosis (plotting 

both the monthly incident percentage of patients tested, 
and the cumulative percentage tested over time starting 
from 24-months pre-diagnosis).

To examine trends over time in primary care blood test 
abnormalities in LC and CRC patients pre-diagnosis, the 
above analyses were repeated replacing the binary blood 
test request variable (yes/no) with a blood test abnormal-
ity variable (yes/no). This was initially done using two 
composite measures for any RBCI abnormality or any 
APR abnormality, followed by separate models to examine 
abnormalities in each of the individual APR and RBCI test 
types. For the CRC cohort, sensitivity analyses were con-
ducting excluding patients recorded as screen detected.

As anaemia is a well-recognised alarm feature of can-
cer29,30 that would often prompt urgent investigation or 
referral, in supplementary analyses we explored the po-
tential added value of other blood test abnormalities for 
expediting cancer diagnosis. To do this we examined (a) 
the proportion of LC and CRC patients with blood test ab-
normalities occurring in the absence of/prior to anaemia 
(b) when abnormalities in anaemia and other blood test 
types were first detected prior to LC and CRC diagnosis.

3   |   RESULTS

The cohorts comprised 855 CRC patients and 399 LC pa-
tients with a new diagnosis of cancer during the study pe-
riod. The CRC cohort was 57% male, with a mean age of 
65 years and 31% of patients aged <60 years at diagnosis. 
The LC cohort was 60% male, with a mean age of 67 years 
and 24% aged <60 years at diagnosis (Table 1). Sensitivity 
analyses found no substantial differences between pa-
tient characteristics in the linked cohorts of CRC and LC 
patients when compared to patients in the ACCORD and 
AURORA datasets without linkage to primary care, or 
to CRC and LC patients in the Victorian Cancer Registry 
(Table S1). Patients with either cancer type visited their GP 
a mean of 6–7 times in the 6 months before cancer diag-
nosis and 10–12 times in the year leading up to diagnosis 
overall, with consultations being more frequent in patients 
who had blood tests requested and higher again in patients 
with one or more abnormal blood test results (Table 1).

3.1  |  Tumour characteristics

For CRC patients, 41% were diagnosed at a late stage (Stage 
3 or 4), with one third of tumours located in the rectum 
(38%) and two thirds in the colon (62%). Fifteen per cent of 
CRC patients were recorded as screen detected (from data 
in the hospital registry), 79% were diagnosed after present-
ing with symptoms, 2% were incidental diagnoses and data 



      |  5 of 15RAFIQ et al.

T A B L E  1   Baseline characteristics of lung and colorectal cancer patients who attend their GP, have a GP blood test and have an 
abnormal GP blood test result in the year pre-diagnosis.

CRC patients 
N = 855

CRC patients 
with a blood 
test N = 386

CRC patient with 
abnormal blood 
test N = 276

LC patients 
N = 399

LC patients 
with a blood 
test N = 242

LC patient with 
abnormal blood 
test N = 181

Male sex 490 (57%) 215 (56%) 155 (56%) 238 (60%) 146 (60%) 116 (64%)

Age at diagnosis

20–29 7 (1%) 2 (0.5%) 2 (0.7%) 0 (0%) 0 (0%) 0 (0%)

30–39 34 (4%) 15 (4%) 9 (3%) 4 (1%) 2 (0.8%) 2 (1%)

40–49 73 (9%) 26 (7%) 20 (7%) 28 (7%) 13 (5%) 12 (7%)

50–59 154 (18%) 65 (17%) 41 (15%) 65 (16%) 38 (16%) 31 (17%)

60–69 250 (29%) 113 (29%) 71 (26%) 129 (32%) 81 (33%) 56 (31%)

70–79 201 (24%) 90 (23%) 68 (25%) 121 (30%) 76 (31%) 56 (31%)

80 and over 136 (16%) 75 (19%) 65 (24%) 52 (13%) 32 (13%) 24 (13%)

Mean (SD, 
range)

65 (13.6, 24–93) 66 (13.6, 24–93) 67 (14.0, 24–93) 67 (11.2, 
32–93)

67 (10.7, 32–89) 67 (11.1, 32–88)

Median 
(IQR)

66 (56–75) 67 (57–77) 69 (59–79) 68 (60–75) 68 (61–75) 68 (60–75)

Year of diagnosis

2001–2004 31 (4%) 4 (1%) 2 (0.7%) 0 (0%) 0 (0%) 0 (0%)

2005–2008 132 (15%) 22 (6%) 16 (6%) 6 (2%) 2 (0.8%) 1 (0.6%)

2009–2012 255 (30%) 96 (25%) 66 (24%) 73 (18%) 35 (14%) 25 (14%)

2013–2016 246 (29%) 137 (35%) 103 (37%) 175 (44%) 101 (42%) 85 (47%)

2017–2021 191 (22%) 127 (33%) 89 (32%) 145 (36%) 104 (43%) 70 (39%)

Active GP follow-up timea

Mean days 
(SD, range)

744 (387.8, 
1–1095)

853 (330.6, 
2–1095)

848 (336.2, 2–1095) 763 (389.5, 
2–1095)

889 (313.2, 
10–1095)

901 (303.3, 
29–1095)

Median days 
(IQR)

962 (346–1070) 1030 (703–1078) 1033 (697–1079) 994 
(352–1078)

1051 (841–1083) 1057 (877–1082)

Number of GP visits in 6 m pre-diagnosis

0 89 (10%) 14 (4%) 8 (3%) 54 (14%) 17 (7%) 12 (7%)

1–3 249 (29%) 79 (20%) 55 (20%) 88 (22%) 36 (15%) 21 (12%)

4–6 227 (27%) 109 (28%) 63 (23%) 73 (18%) 45 (19%) 32 (18%)

7–9 123 (14%) 79 (20%) 63 (23%) 65 (16%) 46 (19%) 32 (18%)

≥ 10 167 (20%) 105 (27%) 87 (32%) 119 (30%) 98 (41%) 84 (46%)

Mean (SD, 
range)

6 (5.3, 0–34) 7 (5.5, 0–34) 8 (5.8, 0–34) 7 (6.8, 0–41) 9 (7.0, 0–41) 10 (7.1, 0–41)

Median 
(IQR)

5 (2–8) 6 (4–10) 7 (4–10) 6 (1–11) 8 (4–13) 9 (5–13)

Number of GP visits in 12 m pre-diagnosis

1–3 226 (26%) 43 (11%) 24 (9%) 111 (28%) 31 (13%) 18 (10%)

4–6 157 (18%) 64 (17%) 40 (14%) 47 (12%) 28 (12%) 19 (11%)

7–9 136 (16%) 72 (19%) 53 (19%) 52 (13%) 33 (14%) 23 (13%)

≥ 10 336 (39%) 207 (54%) 159 (58%) 189 (47%) 150 (62%) 121 (67%)

Mean (SD) 10 (8.7, 1–60) 12 (9.1, 1–60) 13 (9.5, 1–60) 12 (10.7, 1–70) 18 (11.3, 1–70) 16 (11.7, 1–70)

Median 
(IQR)

7 (3–14) 10 (6–17) 11 (7–18) 9 (3–16) 13 (7–21) 14 (8–21)

(Continues)
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on route to diagnosis were missing for 4% (Table S2). For 
LC patients, 66% were diagnosed at a late stage. Sixty-eight 
per cent of patients were diagnosed symptomatically and 
24% were incidental findings (Table S2). Thirty-six per cent 
of LC patients had a respiratory co-morbidity recorded in 
the hospital cancer registry and 81% were current or past 
smokers (Table  S2). For both cancers, stage distribution 
was comparable between patients in the full study cohort, 
those selected for blood testing and those who had abnor-
mal blood test results (Table 1).

3.2  |  Blood test request

For CRC patients, over a third had a GP requested APR 
(38%) or RBCI (39%) blood test requested in the year before 
cancer diagnosis (Table 2; Figure S1). The monthly rate of 
GP blood test requests started to increase from 7 months be-
fore CRC diagnosis (inflexion point) (Figure S2; Table S3). 
FBC was the most commonly requested blood test (Table 2) 
and ferritin had the largest increase in requests from base-
line (at −24 months), increasing 7-fold (FBC, LFT and in-
flammatory marker requests increased 4-fold) (Figure S2).

For LC patients, half had an APR (50%) or RBCI (51%) 
test requested pre-diagnosis (Table 2; Figure S1), with GP 
blood requests increasing from 6 months pre-diagnosis 
(Figure  S2; Table  S3). FBC was the most requested test 
(Table 2) and inflammatory marker and LFT requests in-
creased the most (3-fold) from baseline (FBC and ferritin 
increased 2-fold) (Figure 1) (Figure S2).

3.3  |  Abnormal test results

3.3.1  |  Proportion of patients with 
abnormal results

Among tested CRC patients, 54% had at least one abnor-
mal APR result and 63% had an abnormal RBCI result 

in the 12 months before diagnosis. Inflammatory marker 
tests and RBCDW had the highest percentage of abnor-
mal results in the year pre-diagnosis (68% of patients 
tested had raised inflammatory markers and 66% had 
raised RBCDW). In terms of blood test markers of iron 
deficiency anaemia, 47% of tested patients had low fer-
ritin and 42% had anaemia (Table  2). Sensitivity analy-
ses found no substantial differences in the proportion 
of CRC patients with a blood test or with an abnormal 
result when excluding the 126 patients (15%) who were 
recorded as screen detected (Table  S4). For both APR 
and RBCI tests, the monthly proportion of CRC patients 
with at least one abnormal result progressively increased 
from 9 months before diagnosis from a baseline of <3% 
of patients to 9%–10% in the month preceding diagnosis 
(Figure S3).

Among tested LC patients, 59% had one or more 
abnormal APR test results and 61% had an abnormal 
RBCI test in the year pre-diagnosis. The blood tests 
most commonly abnormal in tested LC patients pre-
diagnosis were raised inflammatory markers (68% 
of patients tested had an abnormal result) and raised 
RBCDW (60%), followed by raised RBC count (29%). 
21% of patients tested had anaemia (Table 2). The pro-
portion of patients with an abnormal APR or RBCI 
result progressively increased from 4 months before 
diagnosis from a slightly higher baseline rate of <5%–
12%–13% (Figure S3).

3.3.2  |  Trends over time in blood test 
abnormalities before cancer diagnosis

In CRC patients, the rate of blood test abnormalities 
started to increase from 8 months before cancer diag-
nosis. Abnormalities in one or more APR test results 
increased from a baseline rate of 13 abnormal tests per 
1000 patients/month up to 115 per 1000 patients/month 
in the month preceding diagnosis. Similar increases 

CRC patients 
N = 855

CRC patients 
with a blood 
test N = 386

CRC patient with 
abnormal blood 
test N = 276

LC patients 
N = 399

LC patients 
with a blood 
test N = 242

LC patient with 
abnormal blood 
test N = 181

Stage

1 174 (20%) 80 (21%) 53 (19%) 86 (22%) 57 (24%) 41 (23%)

2 224 (26%) 91 (24%) 65 (24%) 32 (8%) 18 (7%) 14 (8%)

3 196 (23%) 89 (23%) 61 (22%) 105 (26%) 63 (26%) 51 (28%)

4 152 (18%) 74 (19%) 57 (21%) 161 (40%) 94 (39%) 69 (38%)

Missing 109 (13%) 52 (13%) 40 (14%) 15 (4%) 10 (4%) 6 (3%)

Abbreviations: CRC, colorectal cancer; IQR, Interquartile range; LC, lung cancer; SD, standard deviation.
aTime from first GP encounter in the 2 years before diagnosis until cancer date (patients must have at least one encounter per year to be considered active).

T A B L E  1   (Continued)
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were seen for RBCI abnormalities (rate of any RBCI ab-
normality increased from 20 to 136 per 1000 patients/
month) (Figure 2).

In LC patients, the rate of blood test abnormalities 
started to increase from before diagnosis, with the base-
line rate of abnormal APR or RBCI tests rising from 38 
and 57 per 1000 patients/month, respectively, to 145 and 
136 abnormal results per 1000 patients/month in the 
month preceding diagnosis (Figure 2).

3.3.3  |  Blood test abnormality signature 
for CRC

In CRC patients, the highest rates of APR abnormalities 
pre-diagnosis were for abnormal ferritin and raised in-
flammatory markers, which both increased from a base-
line rate of <5 abnormal tests per 1000 patients/month to 
56 and 33 per 1000 patients/month, respectively. Increases 
in all six RBCI abnormalities were observed prior to CRC 

Blood test request in the 12 months before cancer diagnosis

Blood test
Colorectal cancer patients 
(n = 855)

Lung cancer 
patients 
(n = 399)

Any APR test 327 (38%) 198 (50%)

Platelet 306 (36%) 193 (48%)

Albumin 311 (36%) 191 (48%)

Inflammatory marker (ESR/
CRP)

123 (14%) 113 (28%)

Ferritin 191 (22%) 82 (21%)

Total WBC count 307 (36%) 161 (40%)

Any RBCI test 334 (39%) 204 (51%)

Haemoglobin 334 (39%) 203 (51%)

HCT 263 (31%) 184 (46%)

MCHC 232 (27%) 163 (41%)

MCV 306 (36%) 184 (46%)

RBC count 297 (35%) 191 (48%)

RBCDW 213 (25%) 161 (40%)

Abnormal blood test results in the 12 months before cancer diagnosis

Any abnormal APR testa 177 (54%) 117 (59%)

Raised plateleta 43 (14%) 34 (18%)

Low albumina 22 (7%) 24 (13%)

Raised inflammatory marker 
(ESR/CRP)a

84 (68%) 84 (74%)

Raised ferritina 22 (12%) 17 (21%)

Low ferritina 89 (47%) 11 (13%)

Raised total WBC counta 43 (14%) 38 (24%)

Any abnormal RBCI testa 209 (63%) 124 (61%)

Low haemoglobina 140 (42%) 43 (21%)

Low HCTa 110 (42%) 41 (22%)

Low MCHCa 39 (17%) 8 (5%)

Low MCVa 58 (19%) 13 (7%)

Low RBC counta 89 (30%) 55 (29%)

Raised RBCDWa 140 (66%) 96 (60%)

Abbreviations: APR, acute phase reactant; CRP, c-reactive protein; ESR, erythrocyte sedimentation rate; 
HCT, haematocrit; MCHC, mean cell haemoglobin concentration; MCV, mean cell volume; RBC, red 
blood cell; RBCDW, red blood cell distribution width; RBCI, red blood cell indices; WBC, white blood cell.
aPercentage out of all patients who had a test result.

T A B L E  2   Association between cancer 
diagnosis and GP blood test use and 
abnormal results in the year preceding 
diagnosis.
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diagnosis, with the most common being high RBCDW 
and anaemia, which increased from a baseline rate of 7–11 
abnormal tests per 1000 patients/month up to 94–110 tests 
per 1000 patients/month immediately before CRC diagno-
sis, respectively. The largest increases in abnormal results 
were for raised platelets (16-fold increase), abnormal fer-
ritin (15-fold increase) and raised RBCDW (13-fold in-
crease) (Figure 2).

3.3.4  |  Blood test abnormality signature 
for LC

Among LC patients, the highest rate of APR abnormali-
ties pre-diagnosis was raised inflammatory markers fol-
lowed by raised platelets. Raised inflammatory markers 
increased from a baseline rate of 19–93 abnormal results 
per 1000 patients/month and raised platelets rose from 
11 to 52 abnormal results per 1000 patients/month in 
the month before LC diagnosis. Of the six RBCI, pre-
diagnostic increases in abnormalities were seen in 
RBCDW, haemoglobin, RBC count and HCT, with no 

increases observed in MCHC or MCV abnormalities. 
The most common RBCI abnormalities were raised 
RBCDW and low RBC count, which both occurred more 
frequently before LC diagnosis than anaemia. Rates of 
raised RBCDW increased from 42 abnormal tests per 
1000 patients/month to 91 per 1000 patients/month, and 
low RBC count increased from 26 to 78 abnormal tests 
per 1000 patients/month. The largest pre-diagnostic in-
creases in blood test abnormalities were for low albu-
min and raised platelets, which both increased 8-fold, 
followed by raised total WBC count (6-fold increase) 
(Figure 2).

3.3.5  |  Abnormal blood tests occurring 
before or in the absence of anaemia

Of the 243 CRC patients with an abnormal blood test 
result in the year pre-diagnosis, over half had another 
blood test abnormality detected before (or in the ab-
sence of) anaemia: 103 patients had no anaemia and 20 
patients had another abnormality first. In LC patients, 

F I G U R E  2   Monthly rates of abnormal GP blood tests in colorectal cancer (panels A and C) and lung cancer patients (panels B and D) in 
the 24 months before diagnosis/index date (3 month moving average) Dashed line represents the monthly rate of patients tested. APR, acute 
phase reactant; FBC, full blood count; HCT, haematocrit; IM, inflammatory marker; MCHC, mean cell haemoglobin concentration; MCV, 
mean cell volume; RBC, red blood cell; RBCDW, red blood cell distribution width; RBCI, red blood cell index; WBC, white blood cell.
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155 had an abnormal blood result and, in 124 of these 
patients anaemia was not the first abnormality detected 
(Figure 3).

3.3.6  |  Timing of first abnormal blood result 
before cancer diagnosis

For both CRC and LC patients the earliest blood test ab-
normality detected on average was RBCDW, which oc-
curred a median of 124 days before CRC diagnosis (IQR 
32–229) and 190 days before LC diagnosis (IQR 53–264). 
This was on average earlier than anaemia, which occurred 
a median of 84 days pre-diagnosis in CRC and 105 days 
pre-diagnosis in LC (Table 3; Figure 4).

4   |   DISCUSSION

4.1  |  Key findings

GP blood test requests increase from 7 months before CRC 
diagnosis and 6 months before LC diagnosis. This is the 
first study of its kind examining primary care diagnostic 
activity prior to cancer diagnosis using linked Australian 
primary care data. It indicates that an appreciable diag-
nostic window exists in the Australian setting where there 
is increased GP healthcare use by patients several months 
before cancer diagnosis and potential opportunities exist 
for earlier detection. In the year before diagnosis, over 
half of LC and CRC patients tested have an abnormal APR 
blood test result and two thirds had an abnormal RBCI 
test. The rates of these blood test abnormalities increase 
several months before cancer diagnosis and they are 

frequently detected before or in the absence of anaemia. 
This suggests they are early signals of as-yet-undetected 
cancer. CRC and LC patients have distinct signatures of 
blood test abnormalities pre-diagnosis. These blood test 
abnormalities have potential for helping to identify pa-
tients in need of urgent investigation for different possible 
cancer sites, especially in patients consulting with non-
specific symptoms.

4.2  |  Comparison with the literature

4.2.1  |  Length of the diagnostic window 
before LC and CRC diagnosis

The diagnostic window describes the time point when 
healthcare activity first starts to increase prior to diag-
nosis and represents the maximum length of time diag-
nosis could potentially be brought forward.7 The use of 
linked GP EHR to estimate the diagnostic window length 
before cancer is well established in the literature.31 
Previous findings for LC and CRC have been based on 
UK,11,12,32,33 Danish,7,9,10,34 Dutch35 and Swedish36 stud-
ies, which indicate that patterns of healthcare use and 
diagnostic window lengths vary between countries and 
by cancer type.31 One Australian study37 has examined 
this phenomenon using GP billing data from patients in 
the 45 and up cohort.38,39 It compared the monthly odds 
of having a GP consultation in cancer patients versus 
controls and found that consultations were more likely 
in cancer patients from 4 months before LC and CRC di-
agnosis. The study only had an 18% response rate and 
participants were not representative of the Australian 
population as the study intentionally oversampled 

F I G U R E  3   Percentage of colorectal and lung cancer patients with abnormal blood test results detected before or in the absence of 
anaemia.
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T A B L E  3   Average number of days before cancer diagnosis when first abnormal GP blood test (acute phase reactant or red blood cell 
index) was detected.

Timing of first abnormal test

Blood test

Colorectal cancer patients Lung cancer patients

p 
valueN

Median 
(IQR) Mean (SD) Range N

Median 
(IQR) Mean (SD) Range

Red blood cell index tests

Any RBCI test 
abnormality

209 121 (34–231) 141 (111.9) 1–364 124 165 (46–257) 160 (116.6) 0–361 0.14

Anaemia 140 84 (27–186) 120 (109.0) 1–364 43 105 (35–242) 138 (113.1) 0–360 0.34

Raised RBCDW 140 124 (32–229) 138 (112.4) 0–364 96 190 (53–264) 173 (113.9) 0–360 0.02

Low MCV 58 48 (15–115) 81 (91.0) 0–348 13 134 (30–248) 150 (122.4) 13–353 0.02

Low HCT 110 69 (18–180) 113 (110.2) 1–364 41 105 (48–247) 149 (114.0) 12–361 0.08

Low RBC count 89 90 (22–196) 120 (110.7) 0–364 55 133 (36–234) 144 (114.5) 0–361 0.21

Low MCHC 39 58 (15–150) 98 (107.7) 1–348 8 80 (59–266) 146 (127.8) 11–350 0.27

Acute phase protein blood tests

Any APR test abnormality 177 82 (25–185) 115 (106.1) 0–364 117 103 (30–254) 141 (118.2) 0–364 0.05

Abnormal ferritin conc. 109 81 (25–156) 105 (98.3) 0–358 27 137 (44–250) 148 (116.2) 3–347 0.05

Raise platelet count 43 36 (15–137) 92 (108.6) 1–356 34 44 (16–187) 95 (113.3) 0–361 0.91

Low albumin 22 67 (20–216) 111 (106.4) 5–325 24 48 (20–95) 78 (92.6) 0–360 0.27

Raised inflammatory 
marker (ESR/CRP)

84 81 (17–188) 114 (109.8) 1–364 84 76 (28–242) 128 (116.4) 0–364 0.42

Raised WBC count 43 59 (15–185) 102 (106.8) 0–356 38 66 (35–230) 122 (108.6) 8–359 0.41

Abbreviations: APR, acute phase reactant; conc, concentration; CRP, c-reactive protein; ESR, erythrocyte sedimentation rate; HCT, haematocrit; IM, 
inflammatory marker; IQR, interquartile range; MCHC, mean cell haemoglobin concentration; MCV, mean cell volume; RBC, red blood cell; RBCDW, red 
blood cell distribution width; RBCI, red blood cell indices; SD, standard deviation; WBC, white blood cell.
Note: Starting from 12 months before cancer diagnosis in patients with an abnormal result; colorectal cancer n = 243, lung cancer n = 155. p value from t-test 
comparing means in colorectal cancer patients with lung cancer patients.

F I G U R E  4   Timing of first abnormal test before colorectal and lung cancer diagnosis. Box and whisker plot shows median and 
interquartile range; white dot represents mean; HCT, haematocrit; IM, inflammatory marker; MCHC, mean cell haemoglobin concentration; 
MCV, mean cell volume; RBC, red blood cell; RBCDW, red blood cell distribution width; WBC, white blood cell.



      |  11 of 15RAFIQ et al.

patients aged ≥80 years and those living in rural areas, 
and excluded patients with low English literacy. In the 
few international studies of consultation patterns be-
fore cancer diagnosis, there was wide variation in the 
diagnostic window length: Increases in GP consulta-
tions have been reported from 3 to 24 months before 
CRC diagnosis7,32,34–36,40–42 and 3–6 months before LC 
diagnosis.10,32–34,36 Few studies have used other forms 
of GP healthcare use (beyond consultations) to estimate 
the diagnostic window length for LC and CRC. These 
have reported increases in GP prescribing 6–18 months 
before CRC diagnosis7,9,35 and 4–6 months before LC di-
agnosis9,10; increases in GP imaging and lung function 
tests in the year before LC diagnosis10; and increases in 
haemoglobin requests 17 months prior to CRC diagno-
sis.7 Our study addressed an important gap in the lit-
erature by examining GP healthcare use before LC and 
CRC diagnosis using linked Australian GP data. By ex-
amining four types of GP blood test requests, we demon-
strate a diagnostic window up to 7 months before CRC 
and 6 months before LC diagnosis. This indicates similar 
opportunities to expedite CRC and LC diagnosis poten-
tially exist in Australian primary care if these patients 
can be identified and investigated/referred earlier in the 
diagnostic window.

4.2.2  |  Blood test abnormalities as potential 
early signals of cancer

Two UK proof-of-concept studies have examined trends 
in blood test abnormalities prior to LC and CRC diagno-
sis.11,12 McDonald et al. compared mean blood test lev-
els over time pre-diagnosis in LC patients and controls, 
finding increased CRP, platelet count and WBC levels 
from 6 months pre-diagnosis.12 Similarly, Moullet et al. 
found that rates of anaemia, raised platelets and raised 
inflammatory markers increased from 9 months prior 
to CRC diagnosis.11 Our study confirmed these find-
ings in an Australian dataset, demonstrating increases 
in the rate of raised inflammatory markers, total WBCs 
and platelets from 6 months before LC diagnosis and in-
creased rates of anaemia, raised platelets and inflamma-
tory markers from 8 months before CRC diagnosis. We 
expanded on past findings by showing pre-diagnostic 
increases in the rate of additional APR abnormali-
ties (ferritin and low albumin) and RBCI abnormali-
ties (raised RBCDW, low RBC count, HCT, MCHC and 
MCV). The importance of many of these abnormalities 
as early signals of cancer has not been previously ex-
amined, with previous studies showing an association 
between increased RBCDW and LC and CRC, indicat-
ing possible diagnostic value, but not examining when 

abnormalities are first detectable before cancer diagno-
sis in primary care.43–45 The findings from this study, es-
pecially in relation to RCBI abnormalities such as raised 
RBCDW which may be less likely to prompt investiga-
tion in the absence of anaemia, identify additional flags 
of undiagnosed cancer in general practice which are 
often detected several months before cancer diagno-
sis. Additionally, we identified distinct pre-diagnostic 
signature patterns in blood test abnormalities between 
LC and CRC patients and report the average timing of 
the first detectable blood test abnormalities before can-
cer diagnosis—demonstrating that many abnormalities 
occur before or in the absence of anaemia and have po-
tential for expediting cancer diagnosis.

4.2.3  |  Strengths and weaknesses

As far as the authors are aware, no previous study has 
examined patterns in GP blood tests over time prior to 
cancer diagnosis in the Australian setting. Australia has 
higher rates of blood testing and lower thresholds for 
ordering GP investigations than other countries, which 
could present earlier opportunities for detecting blood 
test abnormalities and associated cancer in patients.46,47 
Use of two primary care datasets is an important strength 
as general practice is where most cancer patients first 
present, and this ensured a large, representative popula-
tion for linkage. We examined 12 different tests, provid-
ing a comprehensive evaluation of GP blood tests prior 
to cancer diagnosis, using statistical estimation of inflex-
ion points and comparing patterns to baseline rates and 
between LC and CRC patients to identify distinct sig-
natures. GP blood results are electronically transmitted 
into EHRs from laboratories, which increases accuracy 
and completeness. Results were categorised as normal 
or abnormal, but further research examining the mag-
nitude of abnormality and considering borderline nor-
mal results could reveal additional associations. Data 
on the indication for test requests, use of faecal occult 
blood testing (iFOBT) and timing of referrals for special-
ist diagnostic tests like colonoscopy were not available. 
Future work exploring these factors and co-occurring 
symptoms could help identify patient groups most likely 
to benefit from the study findings and areas of potential 
diagnostic delay. Although Victorian Cancer Registry 
and cancer screening data were not available, the hospi-
tal cancer registries used in this study contain detailed, 
clinician recorded cancer data from multiple hospitals 
receiving referrals from across Victoria. Increased access 
to additional datasets, with mechanisms to systemati-
cally link them to existing data sources, would provide 
a more complete clinical picture to support future early 
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diagnosis research and health system improvement. 
Most patients are likely metropolitan based, which could 
limit the generalisability of findings to rural areas where 
healthcare access may differ. In Australia patients are 
not limited to seeing a GP at a single practice, meaning 
GP encounters at practices not included in the primary 
care datasets will be missed. To counter this, we only 
included patients who had visited a GP in that practice 
in the same year and a recent study showed that 90% of 
Australians attend a regular general practice.48

4.2.4  |  Implications

There is an increase in primary care diagnostic activity 
from 7 months before CRC diagnosis and 6 months before 
LC diagnosis. This indicates that some patients with as-
yet-undetected cancer are presenting to their GP several 
months before their cancer is diagnosed with symptoms 
prompting blood test investigation. This diagnostic win-
dow contains potential opportunities for earlier LC and 
CRC diagnosis in Australian primary care. As blood test 
use is common this would need to be supported by di-
agnostic advances, such as computer decision support,49 
novel circulating tumour DNA tests50 and optimising in-
formation from existing common blood test results,51,52 to 
help identify these patients and prompt earlier investiga-
tion to detect cancer.

Abnormal results in many commonly used blood 
tests increase several months before diagnosis and are 
early markers of LC and CRC. These abnormalities 
frequently occur in patients who do not have anaemia 
or occur before anaemia is detectable. They therefore 
could provide added value in diagnosing cancer earlier 
in some patients, particularly in those without alarm 
symptoms that would already prompt further investi-
gation or referral. Many RBCI become abnormal up to 
several months before the haemoglobin, such as raised 
RBCDW, low RBC count and low HCT, suggesting that 
GPs should pay greater attention to these additional 
measures reported in a FBC result and not just the hae-
moglobin and MCV. This is particularly relevant as less 
than half of the CRC patients in this study had anaemia 
or low ferritin prior to diagnosis. We found distinct pat-
terns in the types of blood test abnormalities occurring 
pre-diagnosis in patients with as-yet-undetected LC and 
CRC, which could help to differentiate cancers of differ-
ent sites in patients with non-specific cancer symptoms. 
It is important to note that these blood test abnormali-
ties are common in general practice and can be markers 
of many alternative diagnoses, such as infection or other 
inflammatory conditions. A single abnormal blood test 
result will likely have low predictive value and low 

specificity for detecting underlying cancer in isolation. 
Therefore, to understand the value of these blood test 
abnormalities in improving cancer diagnosis, further 
studies are required examining their predictive value for 
detecting underlying cancer by age and sex in patients 
with and without cancer presenting symptomatically 
to primary care, including consideration of blood test 
result combinations, magnitude and trends, and along-
side other pre-diagnostic features recorded in the GP 
EHR (symptoms, prescriptions and demographics). This 
would help determine in which circumstances these ab-
normalities would indicate high risk of underlying can-
cer warranting further specialist cancer investigation or 
referral.

Finally, we found that one third of CRC patients and 
half of LC patients did not have a GP requested blood test 
in the year before their cancer diagnosis. These findings 
are similar to findings reported by Cranfield et  al. from 
a UK study.53 It is possible that increasing GP blood test 
requests in some of these patients could support earlier 
cancer diagnosis, but this would first require empirical 
evidence on cancer risk for different abnormal blood test 
results and guidelines on which patients with such abnor-
malities should be considered for further specialist inves-
tigations. It should be noted that any increase in primary 
care test use will reduce the predictive value of blood test 
abnormalities for detecting underlying cancer, due to the 
lower pre-test probability of cancer in this less selective 
population.54

5   |   CONCLUSION

We have shown that in the Australian context, many 
patients with as-yet-undetected LC and CRC are pre-
senting to primary care several months before diagnosis 
with symptoms prompting blood test investigation by 
their GP. This evidence from a flexible healthcare sys-
tem with high rates of blood testing, ease of GP access 
to rapid investigations and free movement of patients 
between public and private systems46,47 mirrors that ob-
served in European health systems. Cancer diagnosis 
could be potentially brought forward up to 6 months for 
LC and 7 months for CRC in some patients if diagnos-
tic technologies can be developed and deployed to help 
identify patients at higher risk of underlying cancer and 
prompt further diagnostic investigation. We identified 
blood test abnormalities in APRs and RBCI which com-
monly occur several months before cancer diagnosis and 
are early signals of LC and CRC in tested patients that 
could help distinguish between cancer sites. Different 
blood test abnormalities are first detectable at different 
times pre-diagnosis, with many of them, particularly 



      |  13 of 15RAFIQ et al.

certain RBCI, occurring either in the absence of anae-
mia or considerably before anaemia is detected in many 
patients. If data from these blood tests can be combined 
with other pre-diagnostic information, they could sup-
port GPs to prioritise patients for investigation to expe-
dite cancer diagnosis in primary care.
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