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Abstract

Background Multiple myeloma often presents with vague and non-specific symptoms. Many patients are diagnosed
in unplanned rather than elective (planned) diagnostic pathways. This study investigates the diagnosis of multiple
myeloma in unplanned pathways and the association with patient characteristics, disease profile, and survival.

Methods We conducted a nationwide register-based study, including all patients diagnosed with multiple myeloma
in Denmark in 2014-2018. Patients were categorised as diagnosed in an unplanned pathway if registered with an
acute admission within 30 days prior to the multiple myeloma diagnosis and no other previously registered pathway
to this diagnosis. Unplanned pathways were compared to all other pathways combined.

Results We included 2,213 patients diagnosed with multiple myeloma, hereof 32% diagnosed in an unplanned
pathway. Comorbidity, no prior cancer diagnosis, a history of few visits to the general practitioner (GP), multiple
myeloma complications at diagnosis, high-risk cytogenetics, and advanced cancer stage were associated with a
higher probability of being diagnosed in an unplanned pathway. For example, 24.4% (95% confidence interval

(C): 21.8-27.0) of patients with low comorbidity (Charlson Comorbidity Index (CCl) score 0) were diagnosed in an
unplanned pathway as were 50.9% (95% Cl: 45.6-56.1) of patients with high comorbidity (CCl score 3+). For patients
with dialysis need at the time of diagnosis the probability was 66.0% (95% Cl 54.2—-77.8) and 30.9% (95% Cl: 28.9-32.9)
for patients with no dialysis need. Patients diagnosed in an unplanned pathway had inferior survival (hazard ratio 1.44
(95% Cl: 1.26-1.64)). However, this association was not seen in analyses restricted to patients surviving for more than
three years.

Conclusions High comorbidity level, few usual GP visits, advanced disease status at diagnosis, and complications
were associated with diagnosis in an unplanned pathway. Further, patients diagnosed in an unplanned pathway
had inferior survival. Promoting earlier diagnosis and preventing unplanned pathways may help improve survival in
multiple myeloma.
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Background

The incidence of multiple myeloma is approximately 350
cases annually in Denmark [1], with an age-standardised
incidence rate of 17.1 for men and 12.5 for women per
100,000 persons [2]. The age-standardised 5-year over-
all survival (OS) for patients diagnosed with multiple
myeloma is 55% for men and 58% for women in Den-
mark [3]. The prognosis after cancer may depend on early
diagnosis [4, 5]. Approximately 75% of all cancer patients
in Denmark present with symptoms in general practice
before diagnosis [6]. However, patients with multiple
myeloma often present with vague symptoms, and diag-
nostic delays are common [7-9]. Up to 40% of patients
with multiple myeloma have symptoms for more than six
months before the diagnosis, the most common symp-
toms being bone pain, anaemia, and renal failure [10].

Research has linked the prognosis after cancer to the
patient’s diagnostic pathway [11-15], also referred to as
the route to diagnosis. Approximately 15% of all Danish
cancer patients and 30% of Danish patients with multiple
myeloma are diagnosed in an unplanned diagnostic path-
way, also referred to as emergency presentations in the
literature [11, 12, 14]. Unplanned diagnostic pathways
include acute admissions from general practice and from
within the hospital or presentations to emergency care
services (in the following referred to as “unplanned path-
way” or “unplanned”) [13]. Other diagnostic pathways
for cancer include screening, referral from general prac-
tice to a cancer patient pathway (CPP) and to non-cancer
pathways (including elective admissions and outpatient
visits), referral from secondary care to a CPP and other
pathways initiated in secondary care [13].

The high proportion of unplanned pathways in multi-
ple myeloma is likely to reflect the vague and unspecific
symptom presentation [16]. Cancer patients diagnosed
in an unplanned pathway suffer significantly worse out-
comes than patients diagnosed in other routes, with a
one-year all-cause mortality of 53% compared to 15%
for patients referred to a CPP from primary care [13].
Research from the United Kingdom (UK) (2012) has
found similar results for multiple myeloma [11].

This study aims to investigate if specific patient and
medical characteristics are associated with being diag-
nosed with multiple myeloma in an unplanned pathway,
and to compare the prognosis between patients diag-
nosed in an unplanned pathway and patients diagnosed
in other pathways.

Methods

This observational study was based on linkage of data
in several Danish registries through the unique personal
identification number assigned to all Danish citizens at
birth or immigration [17].

Setting

The study was set in the Danish healthcare system, which
is tax-funded and offers free access to most medical ser-
vices. GPs act as gatekeepers to the specialised health-
care system, except for emergencies, eye specialists, and
otolaryngologists. More than 98% of Danish citizens
are registered with a general practice [18]. Since 2009,
30 CPPs covering 40 cancer types, including multiple
myeloma, have been introduced. The CPPs describe the
patient pathway from clinical suspicion of a certain can-
cer through diagnostic procedures, treatment, follow-up,
and palliative care [19].

Data

The project was based on data from six Danish national
registers. The Danish National Multiple Myeloma Reg-
ister (DaMyDa) includes data from all haematological
departments in Denmark since 2005. A validation study
has previously shown that the information in the data-
base was correct in >95% of the cases, which indicates
high data quality for research [20]. The DaMyDa was
used to sample the study population and provided data
on diagnosis date and complications. The Danish Can-
cer Register [21] provided information on other cancer
diagnoses prior to the diagnosis of multiple myeloma.
The Danish National Health Service Register [22] pro-
vided information on patient lists in general practice and
patient contacts to general practice. The Danish National
Patient Register [23] was used to assess comorbidity and
map the individual patient’s pathway to the diagnosis of
multiple myeloma. This register provided information
on referrals to CPPs and if the referrals were from pri-
mary or secondary care. Further, it provided informa-
tion on whether a hospital contact was elective or acute
(unplanned). Statistics Denmark provided data on sex,
age, immigration status, civil status, and educational
level. Finally, the Danish Civil Registration System [17]
provided information on date of death.

Study population

Eligible individuals were diagnosed with multiple
myeloma and recorded in DaMyDa with code C90 of the
10th revision of the International Classification of Dis-
eases (ICD-10) between 1 January 2014 and 31 December
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2018. This inclusion period was used to ensure sufficient
follow-up. Further, the algorithm to identify the diag-
nostic pathway was based on the structure in Danish
National Patient Register before a major restructuring in
2019. Patients were excluded if diagnosed post-mortem,
living outside Denmark or not listed with a general prac-
tice in the three years prior to the diagnosis date, previ-
ously diagnosed with another haematological cancer, or
diagnosed with another cancer within 30 days before or
30 days after the multiple myeloma diagnosis (as no spe-
cific route to diagnosis could then be assigned).

Pathway to diagnosis

A Danish study from 2021 categorised route to diag-
nosis based on the series of interactions between the
patient and the healthcare system that most likely lead
to the cancer diagnosis [13]. The patient’s first place of
presentation before the multiple myeloma diagnosis was
defined from this algorithm categorising cancer patients’
routes to diagnosis into death certificate only, screen-
ing (not relevant for multiple myeloma), CPP referral
from primary care, CPP referral from secondary care,
unplanned admission, planned admission for other rea-
sons than cancer, other outpatient visit, or unknown [13].
For a detailed description of the algorithm and a sche-
matic illustration, see Danckert et al. [13]. In the pres-
ent study, we dichotomised the diagnostic pathway into
‘unplanned pathway’ and ‘elective pathway. Individuals
were categorised under ‘unplanned pathway’ if registered
with an unplanned admission within 30 days prior to the
multiple myeloma diagnosis and no registration of a CPP
three months prior to the diagnosis and no registration of
an elective admission or outpatient visit 30 days prior to
the diagnosis. Individuals following all other routes were
categorised combined under ‘elective pathway’.

Other main study variables

Age, immigrant status, cohabiting status, highest attained
educational level (categorised according to the Interna-
tional Standard Classification of Education (ISCED) [24]),
comorbidity (defined according to Charlson’s Comorbid-
ity Index [25]), and prior cancer diagnosis were defined
at the date of the multiple myeloma diagnosis. For educa-
tional level, information was missing for 39 patients, and
their educational level was categorised as low, as these
patients are most often uneducated [26]. The patient’s
history of GP visits (regular pattern) was defined as the
number of visits in the 24—36 months preceding the diag-
nosis. For definitions, see Table 1.

Complications at the time of diagnosis were defined
according to the CRAB criteria (calcium elevation, renal
in sufficiency, anaemia, and bone abnormalities), which
were developed by the International Myeloma Working
Group [27, 28]. For definitions, see Table 2. Cytogenetic
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risk was dichotomised into standard or high. For defini-
tions, see Table 1.

Overall survival was analysed from the date of diagno-
sis until the date of death from any cause.

Statistical analyses

The likelihood of unplanned presentation was presented
graphically for different subgroups based on marginal
means expressed as probabilities of unplanned presenta-
tion with 95% confidence intervals (CIs). Marginal means
were computed with covariates at their observed value,
and differences in elective/unplanned pathway between
subgroups were estimated through logistic regression
analyses. All analyses were adjusted for sex, age, immi-
grant status, cohabiting status, educational level, comor-
bidity, history of GP visits, and prior cancer diagnoses.
Age at diagnosis date was modelled through restricted
cubic splines with three knots according to Harrell’s rec-
ommended percentiles [29].

Overall survival was estimated using the Kaplan-Meier
method, and curves were generated for unplanned and
elective pathways to diagnosis. Follow-up was censored
at the first date of one of the following events: emigra-
tion, death, or end of study on 31 December 2023 (which-
ever came first). Landmark analyses at 1, 3, 6, 12, 24, and
36 months after diagnosis were performed using delayed
entry. Overall survival differences associated with path-
way to diagnosis were estimated using Cox proportional
hazard regression analysis. Results were reported as haz-
ard ratios (HRs) with 95% CI. The HRs were estimated in
several models: crude analysis, adjusted for sex and age,
further adjusted for comorbidity, further adjusted for
immigrant status, cohabiting status, and education, fur-
ther adjusted for prior cancer diagnosis, further adjusted
for multiple myeloma complications, and further
adjusted for cancer stage. Interactions between pathway
to diagnosis and sex, age, immigrant status, cohabiting
status, education, comorbidity, prior cancer diagnosis,
and any multiple myeloma complication were tested.
The association between overall survival and pathway to
diagnosis was estimated in populations with no multiple
myeloma complications at diagnosis and in populations
with complications, i.e. severe myeloma bone disease,
need for dialysis, creatinine level<177 mmol/L, calcium
level>1.4 mmol/L, and haemoglobin level <6.3 mmol/L.
Further, this association was estimated stratified on stan-
dard and high-risk cytogenetics. The proportional hazard
assumption was evaluated from log-minus-log plots and
assessed to be fulfilled.

A statistical level of p<0.05 was considered statistically
significant. Data were analysed with Stata® statistical soft-
ware, version 17 (StataCorp LP).
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Table 1 Characteristics of patients with multiple myeloma in elective vs. unplanned diagnostic pathways

Elective Unplanned Total
n (%)? n (%) n (%)

Total population 1502 (67.9) 711 (32.1) 2213 (100.0)
Sex

Male 825 (54.9) 406 (57.1) 1231 (55.6)

Female 677 (45.1) 305 (42.9) 982 (44.4)
Age at diagnosis, years

Median (iqi) 71 (63;78) 72 (64;79) 71 (64;78)
Age at diagnosis, years

18-49 55 (3.7) 27 (3.8 82 (3.7)

50-69 601 (40.0) 260 (36.6) 861 (38.9)

70-84 741 (49.3) 345 (48.5) 1086 (49.1)

85-100 105 (7.0) 79 (11.1) 184 (8.3)
Civil status

Married/cohabiting 977 (65.0) 424 (59.6) 1401 (63.3)

Living alone 525 (35.0) 287 (40.4) 812 (36.7)
Educational level®

Low 526 (35.0) 244 (343) 770 (34.8)

Medium 681 (45.3) 342 (48.1) 1023 (46.2)

High 295 (19.6) 125 (17.6) 420 (19.0)
Charlson Comorbidity Index®

Low 806 (53.7) 276 (38.8) 1082 (48.9)

Moderate 490 (32.6) 243 (34.2) 733 (33.1)

High 206 (13.7) 192 (27.0) 398 (18.0)
History of general practice attendance®

0-1 visit 309 (20.6) 193 (27.1) 502 (22.7)

2-3 visits 297 (19.8) 130 (18.3) 427 (19.3)

4-5 visits 285 (19.0) 119 (16.7) 404 (18.3)

6-9 visits 330 (22.0) 140 (19.6) 470 (21.2)

10+ visits 281 (187) 129 (18.1) 410 (18.5)
Prior cancer diagnosis

No 1312 (87.4) 613 (86.2) 1925 (87.0)

Yes® 190 (12.6) 98 (13.8) 288 (13.0)
Route to diagnosis

CPP'initiated in primary care 602 (40.1) 602 27.1)

CPP initiated in secondary care 439 (29.2) 439 (19.8)

Unplanned admission 71 (100.0) 71 (32.1)

Other elective pathway 14 (0.9) 14 0.6)

Other outpatient visit 245 (16.3) 245 (11.1)

Other/unknown 202 (134) 202 9.1
Cytogenetic risk

Standard 1329 (88.5) 596 (83.8) 1925 (87.0)

High? 173 (11.5) 115 (16.2) 288 (13.0)
ISS stage”

I 509 (339 67 (94) 576 (26.0)

Il 495 (33.0) 230 (323) 725 (32.8)

Il 325 (21.6) 330 (46.4) 655 (29.6)

Missing 173 (11.5) 84 (11.8) 257 (11.6)

aNumbers are n (%) if nothing else is stated, ®Categorised according to the International Standard Classification of Education (ISCED) into ‘basic’ (ISCED levels I-11),
‘short’ (ISCED levels IlI-IV) and ‘long’ (ISCED levels V-VI), “Defined according to Charlson’s Comorbidity Index on the basis of diagnosis codes during the 10-year
period before the diagnosis date and categorised into ‘low’ (score 0), ‘moderate’ (scores 1-2) and ‘high’ (scores>3), “Number of face-to-face contacts in general
practice in the 24-36 months prior to the multiple myeloma diagnosis date and divided into quintiles, ©lCD-10 diagnosis C* excluding C44 (skin cancer), fCancer
patient pathway, 9Defined as FiSH: t(4;14), t(14;16), t(14;20) and del17p, "Based on the International Staging System (ISS) for multiple myeloma
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Table 2 Complications and survival in patients with multiple myeloma in elective vs. unplanned diagnostic pathways
Elective Unplanned Total
n (%)? n (%) n (%)

Total population 1502 67.9) 711 (32.1) 2213 (100.0)
Complications

No complication 551 (36.7) 71 (10.0) 622 (28.1)

Any complication 951 (63.3) 640 (90.0) 1591 (71.9)
Myeloma bone disease®

Low 729 (49.1) 207 (29.9) 936 (43.0)

Medium 342 (23.0) 168 (24.2) 510 (23.4)

Severe 414 (27.9) 318 (45.9) 732 (33.6)
Need for dialysis®

No 1474 (98.6) 652 (92.2) 2126 (96.5)

Yes 21 (1.4) 55 (7.8) 76 (3.5)
Spinal cord compression®

No 1466 (98.0) 640 (90.5) 2106 (95.6)

Yes 30 (2.0) 67 (9.5) 97 (4.4)
Creatinine level®

<177 mmol/L 1386 (92.5) 508 (71.7) 1894 (85.8)

>177 mmol/L 112 (7.5 202 (28.3) 314 (14.2)
Calcium ion levelf

<1.4 mmol/L 1228 (95.0) 509 (81.1) 137 (904)

>1.4 mmol/L 65 (5.0 119 (18.9) 184 9.6)
Haemoglobin level?

>6.3 mmol/L 1160 (77.3) 326 (45.9) 1486 (67.2)

<6.3 mmol/L 340 (22.7) 384 (54.1) 724 (32.8)
Survival

30 days 1488 (99.1) 661 (93.0) 2149 97.1)

90 days 1451 (96.6) 605 (85.1) 2056 (92.9)

180 days 1416 (94.3) 569 (80.0) 1985 (89.7)

1 year 1362 (90.7) 515 (72.4) 1877 (84.8)

2 years 1251 (83.3) 434 61.0) 1685 (76.1)

3 years 1156 (77.0) 377 (53.0) 1533 (69.3)

aNumbers are n (%), Plow=no change or diffuse halisteresis, medium=few changes in one region, severe=multiple changes in one or more regions, 35 missing, 11

missing, 10 missing, ¢ 5 missing, 292 missing, 93 missing

Results

A total of 2,315 patients were eligible for inclusion. We
excluded 61 patients with no address in Denmark or
not listed with a general practice within the last three
years prior to diagnosis and 38 patients due to other
cancer diagnoses (see Fig. 1). The final population com-
prised 2,213 patients with multiple myeloma, hereof 711
patients (32%) diagnosed in an unplanned pathway (see
Table 1). Severe myeloma bone disease at diagnosis was
recorded for 34%, and 4% needed dialysis (see Table 2).
A total of 72% of the population had one or more of the
recorded complications at diagnosis.

Pathway to diagnosis by sociodemographic and medical
characteristics

The probability of being diagnosed in an unplanned path-
way was higher for patients with a history of having few
GP visits, ranging from 41.9% (95% CI: 37.5-46.3) for
patients with 0-1 contacts to 27.8% (95% CI: 23.7-32.0)

for patients with >10 contacts (see Fig. 2A); test for
trend: p<0.001. The probability of being diagnosed in an
unplanned pathway increased in patients with comor-
bidity, ranging from 24.4% (95% CI: 21.8-27.0) for low
comorbidity to 50.9% (95% CI: 45.6-56.1) for high
comorbidity. Further, patients with a prior cancer diag-
nosis were more likely to be in an unplanned pathway
compared to patients with no history of cancer (OR: 1.35,
95% CI: 1.01-1.81) (see Fig. 2A).

Pathway to diagnosis by presence of multiple myeloma
complications

A statistically significant association was seen between
being diagnosed in an unplanned pathway and all the
analysed variables indicating complications at the time
of diagnosis (see Fig. 2B). Patients with anaemia, renal
impairment, elevated calcium-ion levels, myeloma bone
disease, and spinal cord compression all had a higher
probability of being diagnosed in an unplanned pathway;
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Patients diagnosed with
multiple myeloma in Denmark

in 2014-2018

n=2,315

Excluded: \

Diagnosed by death certificate only (n=3)

Living outside Denmark or not listed with a
general practice in the three years prior to
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diagnosis (n=61)

N=2,251

A 4

Final study population

Excluded:

Previously diagnosed with another
haematological cancer (n=12)

Diagnosed with another cancer diagnosis
within 30 days before or 30 days after the
multiple myeloma diagnosis (n=26) j

V2N

N=2,213

Fig. 1 Flowchart of study population

e.g., 30.9% (95% CI: 28.9-32.9) for patients with no dialy-
sis need and 66.0% (95% CI: 54.2-77-8) for patients with
dialysis need. Further, advanced disease stage and high-
risk cytogenetics were associated with being diagnosed in
an unplanned pathway (see Fig. 2B).

Pathway to diagnosis and survival

Patients diagnosed in an unplanned pathway had a sta-
tistically significantly lower survival compared to patients
diagnosed in an elective pathway (see Fig. 3). The higher
survival in patients diagnosed in an elective pathway was
most pronounced in the first 36 months, whereafter the
curves showed a more parallel pattern, and the difference
decreased slightly after eight years follow-up. Landmark
analyses revealed a lower survival difference over time
between patients diagnosed in an elective and patients
diagnosed in an unplanned pathway, and no statistically
significant difference was seen in the landmark analysis at
36 months after diagnosis (see Additional file 1).

The unadjusted HR was 1.92 (95% CIL: 1.72-2.16)
for patients diagnosed in an unplanned pathway com-
pared to patients diagnosed in an elective pathway (see
Table 3). Overall, this estimate remained unchanged in all
the adjusted analyses. Yet, the HR decreased to 1.44 (95%
CI: 1.26-1.64) when we adjusted for multiple myeloma
complications, and it remained statistically significant
when we adjusted further for cancer stage (see Table 3).
In analyses restricted to patients with multiple myeloma
complications at diagnosis and high-risk cytogenetics,
the survival difference between patients diagnosed in an

unplanned pathway and patients diagnosed in an elec-
tive pathway persisted in the sub-groups with myeloma
bone disease, anaemia, and high-risk cytogenetics (see
Table 4).

No interactions were observed between pathway to
diagnosis and sex, age, immigration status, cohabiting
status, education, comorbidity, prior cancer diagnosis,
and any multiple myeloma complication.

Discussion

Main findings

This nationwide study demonstrated that 32% of 2,213
patients with multiple myeloma were diagnosed in an
unplanned pathway in the Danish healthcare system in
2014-2018. Patients with multimorbidity, no prior can-
cer diagnosis, a history of few GP visits, high-risk cyto-
genetics, and advanced cancer stage or multiple myeloma
complications at diagnosis were more often diagnosed
in an unplanned pathway. Patients diagnosed in an
unplanned pathway had inferior overall survival com-
pared to patients diagnosed in an elective pathway. How-
ever, this association was not seen in analyses restricted
to patients with dialysis need, patients with spinal cord
compression, patients with high calcium level at diag-
nosis, and patients surviving more than 36 months after
diagnosis.

Methodological considerations
A major strength of this study is the nationwide design
and the Danish national registers, which are known to
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have high completeness and validity [30, 31]. The clini-
cal database DaMyDa [20] ensured high completeness
of study population and provided granular data, which
are often available in only clinical trials, such as com-
plications at diagnosis. The nationwide registers also
enabled categorisation of the individual patient’s route to

diagnosis, which is a valuable tool for research in cancer
diagnosis [13].

Patients could have an unplanned admission after a
CPP referral while waiting for the first diagnostic inves-
tigations at hospital as part of the CPP, yet they would
still be categorised as CPP or other more or less ‘elective
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Kaplan-Meier survival estimate

Probability

0 12 24 36 48 60 72 84 96 108 120
Time since diagnosis, months

Fig. 3 Kaplan Meier survival estimate by elective or unplanned pathway to diagnosis in 2,213 patients diagnosed with multiple myeloma in 2014-2018

Table 3 Hazard ratio of death (any cause) in elective vs. unplanned diagnostic pathway

HR® (95% CI)°
Unplanned pathway (ref. elective)
Unadjusted estimate 1.92 (1.72,2.16)
Adjusted for sex and age 1.94 (1.73:2.17)
Adjusted further for comorbidity® 1.86 (1.66;2.09)
Adjusted further for immigration status, cohabiting status, and educational level? 1.85 (1.65;2.08)
Adjusted further for cancer diagnosis prior to the multiple myeloma diagnosis® 1.84 (1.64,2.07)
Adjusted further for multiple myeloma complications 144 (1.26;1.64)
Adjusted further for cancer stage? 138 (1.21:1.57)

2HR: hazard ratio, °Cl: confidence interval, “Defined according to Charlson’s Comorbidity Index on the basis of diagnosis codes during the 10-year period before the
diagnosis date and categorised into ‘low’ (score 0), ‘moderate’ (scores 1-2) and ‘high’ (scores >3), Categorised according to the International Standard Classification
of Education (ISCED) into ‘basic’ (ISCED levels I-11), ‘short’ (ISCED levels llI-IV) and ‘long’ (ISCED levels V-VI), ©ICD-10 diagnosis C* excluding C44 (skin cancer), {Cancer
patient pathway, 9Defined as FiSH: t(4;14), t(14;16), t(14;20) and del17p, fSevere bone disease, need for dialysis, spinal cord compression, creatinine level>177 mmol/L,
calcium level> 1.4 mmol/L, and haemoglobin level <6.3 mmol/L, 9Based on the International Staging System (ISS) for multiple myeloma

Table 4 Hazard ratio of death (any cause) in elective vs. unplanned diagnostic pathway

Sub-populations with multiple myeloma complications and high- risk cytogenetics HR? (95% CI)°
Unplanned pathway (ref. elective)

No complications 212 (1.54,2.92)
Severe bone disease 1.59 (1.30;1.93)
Need for dialysis 1.52¢ (0.79;2. 24)
Spinal cord compression 0.98¢ (0.54:1.78)
Creatinine level > 177 mmol/L 132 (1.00;1.74)
Calcium level > 1.4 mmol/L 137 (0. 93202)
Haemoglobin level < 6.3 mmol/L 138 (1.15;1.65)
Standard cytogenetic risk 1.80 (1.58;2. 03)
High risk cytogenetics 199 (146,2.71)

?HR: hazard ratio, adjusted for sex, age, immigrant status, civil status, educational level, comorbidity, and prior cancer diagnosis (unless stated otherwise)
BCl: confidence interval

“Adjusted only for sex, age and comorbidity due to low number of failures (n=54 for dialysis, n=59 for spinal cord compression)

dHigh risk is defined as FiSH: t(4;14), t(14;16), t(14;20) and del17p
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pathways. However, in Denmark, diagnostic investiga-
tions will take place at a maximum of 6 days after refer-
ral to a CCP for multiple myeloma, and thus, the risk of
an emergency situation in this short time span is limited.
Indeed, it has previously been shown that approximately
2% of cancer cases will have an unplanned admission
after referral to a CPP [13], and this only have minimal
effect on the estimates of associations between diagnostic
pathway and prognosis.

We analysed all-cause mortality adjusted for comorbid-
ity. The association between prognosis and being diag-
nosed in an unplanned pathway still remained, however,
we cannot rule out that both death from other causes
and severe cancer stage explain the poorer prognosis in
unplanned pathways.

The results may be prone to both lead bias and length
time bias. Some of the observed inferior survival in
patients diagnosed in an unplanned pathway may result
from having lived with undiagnosed multiple myeloma
for a longer time than patients diagnosed in elective
pathways. This is supported by the association found
between being diagnosed in an unplanned pathway and
having complications at the time of diagnosis. However,
the difference in overall survival according to diagnostic
pathway persisted for up to three years after diagnosis,
which suggests an intrinsic survival difference according
to pathway. Patients diagnosed in an unplanned pathway
had more aggressive disease, and the impaired survival
in this group may primarily be due to rapid develop-
ment of more lethal disease, which may challenge timely
diagnostic workup. However, the association between
prognosis and being diagnosed in an unplanned pathway
persisted in the analyses adjusted for cytogenetic risk and
restricted to patients with high-risk cytogenetics. The
reasons for the unplanned pathways were not explored
and may be related a condition unrelated to the multiple
myeloma. Following, the association between diagnosis
in an unplanned pathway and prognosis may be unre-
lated to the multiple myeloma. However, this association
was sensitive to multiple myeloma complications and
cancer stage, which indicates a link to multiple myeloma.

Comparison with other studies

Studies from the UK found that 36% [11] and 28% [15] of
patients with multiple myeloma were diagnosed follow-
ing an emergency presentation, which is in line with the
32% diagnosed in an unplanned pathway in the present
study. The higher proportion in the first UK study prob-
ably reflect a study population diagnosed in 2006—2008
compared to 2012-2013 in the second study, and a pat-
tern of higher proportions of emergency presentations
in earlier years [12]. Still, differences exist between Den-
mark and UK in the organisation of healthcare systems
and in the definition of unplanned pathways. E.g., the
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Danish definition of an unplanned contact include urgent
referrals from a GP to a hospital department, whereas
the UK version only includes contacts to an emergency
department. However, prior analyses have shown stable
associations between patient characteristics and progno-
sis and unplanned pathway regardless of the definitions
and the healthcare systems [12].

In general, consistent variations are seen for the risk of
unplanned pathways according to patient characteristics,
morbidity, and cancer stage described in the literature
specifically for multiple myeloma [11, 15] and for other
cancers [12—14, 32-34]. Further, in line with our find-
ings, Howell et al. [15] found more patients with compli-
cations in the population diagnosed through unplanned
(emergency) routes. Studies have reported complications
at diagnosis in 37% [15] and up to 75% of patients with
multiple myeloma, the most common complications
being bone pathology, anaemia, renal failure, infectious
syndrome, and hypercalcemia [8, 10]. We found 72% with
complications at diagnosis in our study, although we had
no valid data on repeated infections.

Numerous studies have reported inferior survival for
cancer patients diagnosed in unplanned pathways [11—
13, 34]. A UK study on patients diagnosed with multiple
myeloma in 2006-2008 reported a 1-year overall sur-
vival of 51% in unplanned pathways and 70% in elective
pathways [11]. This pattern is in line with our findings,
yet with a markedly worse survival for both groups in the
UK. The better survival in our study may be caused by
the general improvement in cancer survival since then,
the positive development in myeloma treatments in the
last two decades, and a poorer cancer survival in general
in the UK compared to Denmark [35].

Interpretation and clinical implications

A low number of GP contacts at 24—36 months before
the diagnosis was strongly associated with being diag-
nosed in an unplanned pathway. Continuity in general
practice has previously been shown to be associated
with the quality of care and mortality [36, 37], and our
results support this. More complications at diagnosis in
unplanned pathways may reflect a sub-optimal and pro-
longed diagnostic pathway, where suspicion is not raised
until the disease has progressed into a clinically severe
state. Delayed diagnosis may be induced by patients, gen-
eral practice, or the healthcare system [38]. Multimorbid-
ity is associated with increased patient intervals when
the chronic condition and the cancer have overlapping
symptoms [39]. This is likely to be the case for multiple
myeloma which often debuts with unspecific symptoms.
Moreover, competing demands in patients with preexist-
ing comorbidity, i.e., prioritizing the co-morbidity over
mention of possible cancer symptoms [39] and symptom
masking or reluctance in GPs to refer too many patients
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to diagnostic investigations or CPPs are known con-
tributing factors to diagnostic delay [40]. In our study,
patients with multimorbidity were often diagnosed in
unplanned pathways, despite their higher likelihood of
attending general practice compared to patients with low
comorbidity. This underlines the challenges in suspect-
ing cancer or other serious disease based on unspecific
symptoms, particularly in patients with existing symp-
toms from other diseases. The decreased risk in patients
with previous cancer may reflect an increased focus on
cancer in these patients and a lower threshold for refer-
ring this population to diagnostic workup and CPPs.
Additionally, these patients may be enrolled in a follow-
up programme, which may direct attention to new signs
and symptoms at regular intervals.

The poorer overall survival in patients diagnosed in an
unplanned pathway persisted in the fully adjusted analy-
sis. The HR remained stable around 1.84—1.94, although
decreasing to 1.44 when we adjusted for multiple
myeloma complications (Table 3). We further adjusted
for cancer stage to investigate if the poorer survival
was caused by disease progression, but this was not the
case. However, this may be due to collinearity between
advanced cancer stage and myeloma complications. The
lower survival in patients diagnosed in an unplanned
pathway persisted in patients surviving for up to three
years after diagnosis. This indicates that the prognosis
was not only influenced by an acute and clinically frail
state at diagnosis, for example due to complications.
Other factors, such as treatment options at diagnosis,
i.e., not being candidate for or able to complete intensive
combination treatment or recommended palliative treat-
ment, may account for the difference in survival for up to
three years [14].

In the analysis restricted to patients with a need for
dialysis at diagnosis, we saw no difference in survival
according to pathway to diagnosis (Table 4). Despite wide
ClIs, this may suggest that once renal failure develops, the
patient’s prognosis is independent on the patient path-
way. Similar results were seen for patients with high cal-
cium level at diagnosis. For these patients, an unplanned
pathway with quick turnovers may even be preferable,
e.g. an emergency referral from general practice to diag-
nostic investigations and diagnosis [34]. In this light,
unplanned pathways are not necessarily caused by pre-
ventable failures in the diagnostic process [41].

Still, some unplanned pathways may be preventable by
ensuring earlier diagnosis, which is also likely to result in
improved survival [41].

Conclusion

This study identified high-risk groups for multiple
myeloma diagnosis in unplanned pathways, which in
turn was associated with worse prognosis and could be
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targeted for future interventions to improve early diag-
nosis. We demonstrated an increased risk of being diag-
nosed in an unplanned pathway among patients with
multimorbidity, a history of few contacts to general prac-
tice, and no prior cancer diagnosis. Moreover, patients
with multiple myeloma complications at diagnosis were
more often diagnosed in an unplanned pathway. The
lower survival rates in patients diagnosed in unplanned
pathways compared to elective pathway was also seen
after considering cytogenetic risk and cancer stage. Our
findings suggest that factors related directly to the diag-
nostic pathway influenced the prognosis. Thus, promot-
ing early diagnosis of multiple myeloma should be an
ongoing focus in the healthcare system.
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