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Abstract

Background: Biomarkers of systemic inflammation have been shown to predict
outcomes in patients with cancer of unknown primary (CUP). We sought to vali-
date these findings in patients with confirmed CUP (cCUP) and explore their role
alongside existing clinicopathological prognostic categories.

Patients and Methods: CUP oncologist from across the United Kingdom were
invited to include patients with cCUP referred to their local CUP multidiscipli-
nary team. Patient demographics, clinical, pathological and outcome data were
recorded and analysed.

Results: Data were available for 548 patients from four CUP services. 23%
(n=124) of patients met clinicopathological criteria for favourable-risk cCUP.
On multivariate analysis c-reactive protein (CRP) (p<0.001) and the Scottish
Inflammatory Prognostic Score (SIPS: combining albumin and neutrophil count)
(p<0.001) were independently predictive of survival. CRP and SIPS effectively
stratified survival in patients with both favourable-risk and poor-risk cCUP based
on clinicopathological features.

Conclusions: Biomarkers of systemic inflammation are reliable prognostic fac-
tors in patients with cCUP, regardless of clinicopathological subgroup. We rec-
ommend that CRP or SIPS are incorporated into routine clinical assessments
of patients with cCUP as a tool to aid investigation and/or treatment decision-
making across all groups. Established clinicopathological factors can then be
used to inform management pathways and specific systemic anticancer therapy
selection.

KEYWORDS

cancer of unknown primary, c-reactive protein, prognosis, Scottish inflammatory prognostic
score, systemic anticancer therapy

Svenja Harvey and Mark Stares were contributed equally to this work.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2024 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Cancer Medicine. 2024;13:¢6988.
https://doi.org/10.1002/cam4.6988

wileyonlinelibrary.com/journal/cam4 10f10


https://doi.org/10.1002/cam4.6988
www.wileyonlinelibrary.com/journal/cam4
mailto:
https://orcid.org/0000-0002-5943-8440
http://creativecommons.org/licenses/by/4.0/
mailto:mark.stares@ed.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcam4.6988&domain=pdf&date_stamp=2024-02-25

HARVEY ET AL.

20f 10 ..
—I—WI LEY_Cancer Medicine _

1 | INTRODUCTION

Cancer of unknown primary (CUP) describes a diagnosis
of metastatic disease where an established primary site
cannot be identified, despite comprehensive clinical in-
vestigations.' It is the sixth most common cancer-related
death, yet accounts only for 3-5% of cancers worldwide,
reflecting its high mortality.>* Patients with confirmed
CUP (cCUP) have undergone comprehensive investiga-
tions, including a tumour biopsy for histopathological
analysis, and review by an oncologist subspecialised in
CUP.'?>®

The selection of systemic anticancer therapy (SACT)
regimens for patients with cCUP is determined by the
clinicopathological features of the tumour and how
closely they relate to those of a known primary.'™”
Classically, cCUP is divided into two main prognostic
groups: those patients with “favourable clinicopatho-
logical features” (~25%) and those with unfavourable
features or “poor-risk” cCUP. Patients with “favourable-
risk” cCUP are more likely to have chemosensitive tu-
mours, more frequently receive SACT and have better
survival (median 12.6 months).*° They are often treated
as their equivalent known primary tumour type within
subspecialty tumour specific teams. Lower gastroin-
testinal, lung and renal cancer phenotypes, as well
as intrahepatic cholangiocarcinoma, are now widely
recognised as subgroups to be included as favourable-
risk cCUP.>*" The majority of patients with cCUP,
though, have “poor-risk” cCUP, and empiric platinum-
doublet chemotherapy regimens remain the standard
of care.!*>”® Although survival is poorer in these pa-
tients (median 3.7 months), approximately 25% of those
treated with SACT are alive at 1year.” Further prognos-
tic stratification could help discussions with patients
about the benefit or futility of SACT.

The role of inflammation in tumourigenesis and cancer
progression is not a new concept.9"11 Chronic inflamma-
tion is a widely accepted hallmark of cancer with high sys-
temic inflammatory burden consistently associated with a
poorer prognosis.”'*'* Our group has previously explored
the prognostic role of several biomarkers of systemic in-
flammation, including c-Reactive Protein (CRP), albumin,
white cell count (WCC) neutrophil count (NC), in patients
presenting with malignancy of undefined primary origin
MUO or CUP to a single cancer centre. We found that the
modified Glasgow Prognostic Score (mGPS; combining
albumin and CRP) independently stratified outcomes in
that patient population.'” However, CRP is not routinely
tested in all new cancer patient at diagnosis, nor routinely
repeated during treatments. More recently, an alterna-
tive biomarker, the Scottish Inflammatory Prognostic
Score (SIPS; combing albumin and neutrophils) has been

proposed.'**> Scores of systemic inflammation could be
used as biomarkers to provide objective information re-
garding prognosis in patients presenting with cCUP to as-
sist clinical management decisions. We sought to further
define the prognostic significance of biomarkers of sys-
temic inflammation in an updated cohort of patients with
cCUP, including additional patients referred to specialist
CUP centres across the UK.

2 | METHODS

2.1 | Patient population

CUP oncologists from specialist CUP centres across the UK
were invited to include patients in this study. Patients re-
ferred to the Edinburgh Cancer Centre (n=339), Christie
NHS Foundation Trust (n=161), University College
Hospital (n=31) and Velindre Cancer Centre (n=17)
CUP services between 01/09/2010 and 31/12/2021 were
identified. Patients were > 18-years and had cCUP based
on published criteria relevant to the time period covered
by the study’

2.2 | Prognostic biomarkers and
assessments

Blood biomarkers (CRP, albumin and neutrophil count
(NC)) taken within 28 days of the time of suspected cancer
diagnosis, prior to any anticancer directed therapy were
recorded. Cutoffs for NC (<7.5x 109, >7.5x% 109), albumin
(>35g/L, <35g/L) and CRP (£10mg/L, >10mg/L) cal-
culation of mGPS (mGPS 0: albumin >35g/L, CRP <10;
mGPS 1: albumin >35g/L, CRP>10; mGPS 2: albumin
<35g/L, CRP >10) and SIPS (SIPS 0: albumin >35g/L, NC
<7.5%10% SIPS 1: albumin >35 g/L, NC >7.5x109; SIPS 2:
albumin <35g/L, NC >7.5x109) were in line with previ-
ous research'®*

2.3 | Statistical analysis

Overall survival was calculated from the date of sus-
pected cancer diagnosis until death, or date of censorship
(31/12/2021), if the patient was alive at this time point.
Univariate analysis of survival and calculation of hazard
ratios was performed using Cox proportional hazards
model. Multivariate analysis of survival was carried out
using a backward conditional approach: variables with a
p>0.10 were removed in a stepwise fashion to leave only
those with an independent significant relationship with
survival. The Kaplan-Meier method was used to plot
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survival curves and log-rank testing was applied to assess
statistically significant differences in survival.

The data was randomly split into an investigatory
and validation cohort using the random-number gener-
ator function on Excel. Analyses were carried out in the
investigatory cohort and then validated in the validation
cohort. The whole cohort was then divided according to
whether patients had favourable or poor prognosis cCUP
based on clinicopathological characteristics. A statistical
power calculation was not carried out as all available data
was used and a formal hypothesis was not being tested.
Analyses were carried out in SPSS Version 25.0 (SPSS Inc).

This study uses only secondary data collected in the
course of routine patient care. No patient identifiable
data were used and data was anonymised for analy-
ses. The presented work was undertaken in accordance
with guidelines from the Academic and Clinical Central
Office for Research and Development (ACCORD) (NHS
Lothian and University of Edinburgh) and study-specific
patient consent was not required. Further, the study was

TABLE 1 Patient Characteristics.
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conducted in accordance with the ethical principals out-
lined in the Declaration of Helsinki, consistent with Good
Pharmacoepidemiology Practices and applicable laws and
regulations of the countries where the study was con-
ducted, as appropriate.

3 | RESULTS

Data for 548 patients were available for analysis. The me-
dian age of the cohort was 67 (IQR 58-75) years and 51%
were female (Table 1). Median survival was 5.6 (IQR 2.7-
13.5) months. 42 (7.7%) patients were alive at censorship.

23% (n=124) of patients met clinicopathological cri-
teria for favourable-risk cCUP (Table S1). Patients with
favourable-risk cCUP had improved survival compared to
those with poor-risk cCUP (11.2 (3.7-30.5) months versus
5.0 (2.5-11.5) months (p <0.001)) (Figure S1). “CUP with
a colorectal THC (CK20+, CDX2+, CK7-) or “molecular
profile” was the most frequently observed favourable-risk

Patient Characteristics (n=548) n (%) Median (IQR)

Sex Female 281 (51) n/a
Male 267 (49)

Age (years) <64 218 (40) 67 (58-75)
65-74 190 (35)
>75 140 (26)

Clinicopathological Subgroup Favourable-risk 124 (23) n/a
Poor-risk 424 (77)

Neutrophil count <7.5%10°/L 352 (64) 6.2 (4.8-9.0)
>7.5%10°/L 196 (36)

Albumin >35g/L 322 (59) 36 (31-41)
<35g/L 226 (41)

C-Reactive protein (n=355) <10mg/L 73 (21) 42 (13-93)
>10mg/L 282 (79)

Scottish inflammatory prognostic score 0 231 (42) n/a
1 212 (39)
2 105 (19)

Modified glasgow prognostic score 0 73 (21) n/a
1 101 (28)
2 184 (54)

Overall survival (all) (months) 3months 392 (72) 5.6 (2.7-13.5)
6months 263 (48)
12months 155 (28)

Overall survival (favourable-risk cCUP, n=124) 3months 104 (84) 11.2 (3.7-30.5)
6 months 76 (73)
12months 58 (47)

Overall survival (poor-risk cCUP, n=424) 3months 288 (70) 5.0(2.5-11.5)
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cCUP subgroup (n=55 (44%)) and had similar survival to
patients with poor-risk cCUP (5.0 (3.2-13.5) months ver-
sus 5.0 (2.5-11.5) months (p=0.564)) (2,16). Patients with
“squamous cell carcinoma involving non-supraclavicular
lymph nodes” (n=11 (9%)) or a “single metastatic deposit
from an unknown primary” or “peritoneal adenocarcino-
matosis of a serous papillary histological type in females”
(n=9 (7%)) had more favourable survival than other
favourable-risk cCUP subgroups (30.5 (13.2-62.2) months
versus 5.3 (3.2-13.6) months (p <0.001)).

Patients with poor-risk cCUP were subgrouped by most
likely primary site as previously described (Table S2).* 42%
(n=178) of cases had features that could be consistent
with a hepatobiliary or pancreatic cancer, and a further
31% (n=132) had poorly differentiated/undifferentiated
tumours. A small proportion of patients (n=9 (2%)) with
a suspected gynaecological primary not meeting criteria
for a favourable-risk cCUP had more favourable survival
than other poor-risk cCUP subgroups (13.3 (9.4-35.8)
months versus 4.7 (2.4-11.4) months (p=0.015)).

The relationship between constituent biomarkers
(NC, albumin and CRP), mGPS or SIPS and survival
was analysed in the investigatory and validation cohorts
(Table 2). The proportion of patients with favourable-risk
cCUP in the investigatory and validation cohort was 23%
and 22% respectively. CRP was not available for 193 (35%)
of patients. In the investigatory cohort NC (p <0.001),

albumin (p<0.001), CRP (p<0.001), mGPS (p<0.001)
and SIPS (p <0.001) were predictive of survival on uni-
variate analysis. On multivariate analysis, only CRP
(p<0.001) and SIPS (p<0.001) remained highly predic-
tive of survival. These findings were replicated in the val-
idation cohort (Table 2) and when the entire cohort was
analysed (Table S3).

Given that CRP was missing from 35% of patients we
examined differences between the cohorts of patients
with and without CRP (Table S4). There were no sig-
nificant differences between the cohorts with respect to
age, sex, clinicopathological risk group and NC risk score
(p>0.05). However, patients with a CRP measurement
were more likely to have albumin <35g/L (p<0.001).
Further, only 52% (n=184) of patients had the same CRP
and NC risk score, with 45% (n=158) having a lower NC
risk score (i.e., NC <7.5x10° and CRP >10mg/L) and 4%
(n=15) having a higher NC risk score (i.e. NC>7.5x10°
and CRP >10mg/L). A sensitivity analysis limited to
patients with both NC and CRP was performed. On
multivariate analyses only CRP and SIPS remained pre-
dictive of survival (p <0.001 and p <0.001 respectively)
(Table S5).

CRP stratified survival from 3.4 (IQR 3.0-3.8) months
(CRP >10mg/L) to 12.4 (IQR 10.5-14.3) months (CRP
<10mg/L) (p<0.001) (Figure 1A). SIPS stratified sur-
vival from 3.0 (IQR 2.0-4.0) months (SIPS 2) to 4.3 (IQR

TABLE 2 The relationship between prognostic factors and overall survival in the investigatory and validation cohorts of patients with

cCUP.

Investigatory Cohort (n=274)

Validation Cohort (n=274)

Univariate Multivariate

Univariate Multivariate

HR (95% CI) p HR (95% CI)
Sex (Male, Female)

Age (<64, 65-74, >75)

1.03(0.80-1.32)  0.813
1.16 (0.90-1.49)  0.243

Neutrophil Count 1.87(1.45-2.42)  <0.001
(£7.5%10%/L,

>7.5%10°/L)

Albumin (>35g/L,
<35g/L

2.35(1.81-3.04)  <0.001

C-reactive protein 2.96 (1.85-4.72)  <0.001
(£10mg/L,

>10mg/L) *

Scottish Inflammatory 1.88 (1.59-2.22)
Prognostic Score
0,1,2)

Modified Glasgow
Prognostic Score
0,1,2)

<0.001
1.80 (1.45-2.23)

<0.001

*Investigatory cohort n=173, validation cohort n=182.

2.50 (1.55-4.03)

1.46 (1.18-1.78)

p HR (95% CI) p HR (95%CI) p
0.86 (0.70-1.10)  0.224

1.02(0.79-1.31)  0.909

1.73(1.32-2.25)  <0.001
2.54(1.93-3.25)  <0.001
<0.001  2.50(1.71-3.65)  <0.001 2.04(1.35-3.07) 0.001
<0.001 1.85(1.56-2.19)  <0.001 1.50 (1.07-2.10)  0.020
1.67 (1.38-2.02)  <0.001
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FIGURE 1 Kaplan-Meier survival curves examing the relationship between (A) CRP and (B) SIPS and overall survival in patients with cCUP.

TABLE 3 The relationship between CRP or SIPS and overall survival stratified by clinicopathological-risk subgroup in patients with

cCUP.
Favourable-risk Poor-risk
Survival (months) Survival (months)
n (%) Median (IQR) P n (%) Median (IQR) P
SIPS (n=>548) 0 70 (56) 13.6 (11.4-15.7) <0.001 161 (38) 10.0 (7.6-12.5) <0.001
1 37(30) 5.3(2.4-8.1) 175 (41) 4.2 (3.5-4.9)
2 17 (14) 3.9 (3.0-4.8) 88 (21) 2.3(1.5-3.1)
CRP (n=355) <10mg/L 22(27) 12.8 (11.1-14.4) <0.001 51 (19) 11.1(6.6-15.6) <0.001
>10mg/L 59 (73) 4.1(3.3-4.8) 223 (81) 3.0 (2.5-3.5)
3.6-5.1) months (SIPS 1) to 11.8 (IQR 9.9-13.7) months 4 | DISCUSSION

(SIPS 0) (Figure 1B). For mGPS 0, 1 and 2 the median sur-
vival was 3.0, 4.0, and 12.4 months respectively (p <0.001)
(Figure S2).

Patients with favourable-risk cCUP more frequently
had SIPS 0 than those with poor-risk cCUP (56% vs. 38%
(p<0.001)). CRP and SIPS effectively stratified survival
in patients with both favourable-risk and poor-risk cCUP
based on clinicopathological features (Table 3). Similar
findings were observed with mGPS (Table S6). Notably,
amongst patients with CRP <10 mg/L there was no signif-
icant difference in survival between those with favourable-
risk versus poor-risk cCUP (p=0.136).

The relationship between CRP or SIPS and survival in
clinicopathological favourable or poor prognostic cCUP
subgroups containing >30 patients was analysed (Table 4).
In each subgroup SIPS stratified survival, identifying a
group with SIPS 0 who had more favourable survival than
patients with SIPS 1 or 2.

This prospective multicentre study has confirmed that bi-
omarkers of systemic inflammation help predict survival
of patients with cCUP, validating the prognostic signifi-
cance of the mGPS. Additionally, we show that simplified
biomarkers of inflammation, by means of CRP alone or
SIPS (a novel biomarker combining albumin and neutro-
phil count) provide additional useful prognostic informa-
tion that may support informed clinical decision-making
in this patient group.'®'* CRP, SIPS and mGPS are valu-
able biomarkers for prognostic prediction across different
CUP subgroups and more distinguished than conven-
tional clinicopathological classification in cCUP.

To our knowledge, this is the largest reported cohort
of patients with well-defined cCUP, diagnosed by spe-
cialist CUP oncologists following recognised national di-
agnostic guidelines. This cohort benefits from inclusion
of patients at several UK regional cancer centres with
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TABLE 4 The relationship between SIPS or CRP and overall survival in clinicopathological-risk subgroups in patients with cCUP.

SIPS

CRP

0 1

Survival (months)
Median (IQR)
Favourable-risk cCUP

CUP with a colorectal
THC (CK20+ CDX2+
CK7-) or molecular
profile (n=55)

Poor-Risk cCUP

13.1(7.2-138)  3.7(2.5-10.9)

Adenocarcinoma/ 10.0 (6.3-21.7) 4.7 (3.3-8.6)
carcinoma not
otherwise specified
(n=60)

Poorly Differentiated/
undifferentiated
(n=132)

Squamous cell carcinoma
(n=31)

Upper Gastrointestinal/
hepatobiliary or
Pancreatic (n=136)

11.8 (4.2-17.3) 5.0 (2.8-7.6)

14.6 (7.4-31.2) 3.3(2.2-3.8)

6.8 (3.2-13.5) 4.0 (2.0-9.5)

*Insufficient numbers for analysis.

different referral pathways, reflective of the diversity of
CUP services throughout the country."* As our group has
previously shown, survival of real-world patients with
cCUP is lower than that previously reported, reflecting
the inclusion of patients who would not have been suit-
able for inclusion in clinical studies or for SACT.>®%16-19
Standardised recording of CUP in cancer registries is an
unmet need and would provide further valuable insights
into real-world outcomes across the country for this
cancer.>”

Consistent with described cCUP populations, 23% of
patients had clinicopathologically defined “favourable-
risk” cCUP.>*> Median survival (11.2months) was lower
than previously reported for favourable-risk cCUP, but
was more than twice that of patients with poor-risk
cCUP in our cohort.>'**' However, we find that these
survival differences are skewed by selected subgroups of
favourable-risk cCUP in whom median survival is 18.9-
37.1months. Indeed, in this real-world cohort, patients
with favourable-risk poorly differentiated neuroendocrine
carcinoma or colorectal-like cCUP have similar survival
outcomes to patients with poor-risk cCUP, despite them
being included in favourable-risk classification.* Notably,
classical favourable-risk clinicopathological subgroups
such as “axillary node adenocarcinoma in women”, “well/
moderately differentiated neuroendocrine carcinoma or
“midline nodal disease in men” are minimally present in

1.8 (1.3-3.4)

3.1(1.4-6.8)  0.001

2.3(1.3-41)  0.003

<10 >10

Survival (months)

D Median (IQR) D
3.6(3.5-9.6)  0.006 7.4 (4.2-13.6) 3.7(22-72)  0.061
2.4 (1.3-6.4) <0.001 n/a* n/a* n/a*

<0.001  11.1(2.7-23.6) 3.0(1.6-5.5)  0.003

7.8 (2.5-11.3) 3.1(2.2-3.5)  0.014

12.8(6.4-18.8)  2.8(1.5-5.7)  <0.001

this historic real-life cohort. These groups are now rou-
tinely referred to tumour-group specific oncology teams
(e.g., breast, neuroendocrine or germ cell) for further
management. Indeed, midline disease in men and neu-
roendocrine carcinoma are no longer considered as CUPs
in the latest European guidelines, with acknowledgment
that these are likely variations of a known primary can-
cer type and require specialist management.’ Further, the
latest European guidelines refine the definition of single
sites of CUP to include oligometastatic disease that is
amenable to local ablative therapy.” This highlights the
need for continual reassessment and classification of CUP
as a disease entity. Our findings also support a move away
from the use of broad favourable v poor-risk cCUP descrip-
tors which imply a survival difference towards subgroups
characterised by a presumed primary site only. This con-
sideration is likely to become more important as improved
diagnostic classification, including the use of molecular
profiling, identifies new treatable subgroups.

Favourable or poor-risk clinicopathological groups are
long established as the basis on which many clinical de-
cisions are made in cCUP.'™>* In particular, they inform
SACT selection and entry into ongoing clinical trials,
which frequently exclude patients with favourable-risk
cCUP on the basis of their superior outcomes and the abil-
ity to tailor SACT to their potential known tumour equiva-
lent.?? Patients with poor-risk cCUP, many of whom have
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poorly differentiated carcinoma, typically receive palli-
ative SACT with an empirical “one-size-fits-all” regime,
often with limited benefit in those with poor progno-
sis.>®!® Our findings suggest that current practice, based
on clinicopathological features alone, does not adequately
help predict prognosis in cCUP, highlighting the need for
better tools to assist clinical decision making.

The mGPS has previously been shown to predict sur-
vival in patients with MUO and its cCUP subgroup, re-
gardless of clinicopathological prognostic group.'” We
provide validatory evidence to support these findings.
Despite not being measured in over a third of patients, we
find that CRP alone is a significant independent predic-
tor of survival in patients with cCUP. We note that 79%
of patients had CRP >10mg/L. To our knowledge we are
the only group to report CRP in cCUP and advocate for
external validation of this finding. CRP measurement has
now been incorporated into UK guidance for minimum
datasets in patients with cancer but has not yet been for-
mally included in guidelines for assessing patients with
cCUP or MUO. Although we advocate a move to do so,
our data also show that SIPS predicts survival in patients
with cCUP, again regardless of clinicopathological prog-
nostic subgroup. Further, the lack of correlation between
NC and CRP and the consistent finding that only CRP and
SIPS were associated with survival in those patients for
whom CRP were available suggests that these biomarkers
are the optimal prognostic biomarkers in this patient co-
hort. In particular, the combination of albumin and NC as
part of SIPS appears superior to the combination of albu-
min and CRP as part of the mGPS.

Albumin and neutrophils are established as standard in-
vestigations in cCUP and were available for all patients at
each centre in this cohort.! The prognostic utility of these
component biomarkers of systemic inflammation is well
described, as is the association between systemic inflamma-
tion and the development and progression of cancer.”'**3
The combination of even modest reductions in albumin,
reflective of chronic inflammation, combined with even
modest elevations of markers of acute inflammation such
as CRP and neutrophils, appear to be important predictors
of survival in patients with cancer.'®!*>%* A key strength
of these biomarkers is that they are easy to measure, readily
available in routine clinical practice and simple to interpret,
using well validated normal-range cutoff values.

We find that in patients with high levels of systemic
inflammation, as evidenced by CRP >10mg/L, SIPS 2 (al-
bumin <35g/L and neutrophils >7.5x10°/L) or mGPS 2
(albumin <35g/L and CRP >10mg/L), median survival
was up to only 4.1 months. In this study all biomarker
measurements were recorded at the time of suspected
cancer diagnosis. This short survival time includes that
spent on the diagnostic pathway, which is known to be
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protracted in this patient group due to diagnostic uncer-
tainty.>” Conversely, we find that low levels of systemic
inflammation (i.e., CRP<10mg/L, SIPS 0 albumin >35g/L
and neutrophils <7.5x10°/L, mGPS 0 albumin >35 g/L
and CRP <10mg/L) are associated with more favourable
survival, regardless of clinicopathological risk group or
subgroups of patients within each subgroup. Significantly,
these biomarker scores highlight patients with clinico-
pathologically defined poor-risk cCUP who have similar
survival to those with clinicopathological favourable-risk
cCUP. Equally, these biomarkers identify patients with
clinicopathological favourable-risk cCUP who's survival is
just as short as those with clinicopathologically defined
poor-risk cCUP. We agree that classifying patients into
clinicopathological subgroups to ensure appropriate refer-
ral and management by tumour specific specialists is im-
portant. However, we suggest that classification of cCUP
into favourable or poor prognosis is better made by assess-
ment of biomarkers of systemic inflammation.

Performance status (PS) is the current gold standard
for the assessment of prognosis, fitness for investigations,
treatment and response to treatment in patients with can-
cer, but is a highly subjective measure.”*** A key strength
of the biomarkers of systemic inflammation described is
that they provide additional objective, readily reproduc-
ible information. Used in conjunction with existing rou-
tine clinical assessments, including PS, they may better
inform earlier discussions with patients about their op-
tions. Identification of poor prognostic factors may help
steer discussions away from SACT and prompt early re-
ferral to palliative care services, which has been shown to
improve patient quality and quantity of life outcomes.***
Recent reports have demonstrated that up to 90% of pa-
tients with cCUP harbour potentially targetable muta-
tions.>*33 Clinical studies, such as the CUPISCO trial
(NCT03498521), assessing the efficacy of treatment with
targeted-therapies and immune-checkpoint inhibitors,
based on molecular profiling in patients with cCUP are
yet to report.?

There is currently limited evidence to support the use
of molecular profiling to identify a tissue of origin with
which to guide site-specific SACT.***” Indeed, the latest
European guidelines provide no recommendation for the
use of such approaches.” The use of diagnostic liquid-
biopsy techniques utilising circulating tumour DNA
(ctDNA) have demonstrated their feasibility in patients
with cCUP, overcoming recognised difficulties in obtain-
ing sufficient tumour tissue for analyses in this patient
group.”**** With advances in this field it is prudent to sug-
gest that such molecular analyses may enter routine clin-
ical practice in the future. However, these investigations
come with additional financial cost and as yet are not rou-
tinely available outside of clinical studies in the UK. In a
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resource limited healthcare system improved prognostica-
tion for patients with cCUP may help stratify those most
likely to benefit from molecular profiling investigations.
They may also help stratify or aid selection of patients
for entry into clinical trials, where the need for strin-
gent screening investigations often delays the initiation
of SACT, with the risk of clinical decline during workup.
Crucially, biomarkers of systemic inflammation, includ-
ing CRP, SIPS and mGPS, predict survival in patients with
cancer treated with cytotoxic chemotherapy, targeted
therapy or immune-checkpoint inhibitors.'>™> In addition
to lactate dehydrogenase (LDH) and alkaline phosphatase
(ALP), which are traditionally included as prognostic
markers in CUP, albumin and neutrophils are routinely
collected in all clinical trial datasets.*>** We highlight the
opportunity for CUPISCO to test the prognostic power of
biomarkers of systemic inflammation, including LDH and
SIPS, in predicting treatment outcomes in a prospectively
evaluated multinational cohort of fit patients with cCUP.

Several limitations of this study are noted. Although
patients from several large CUP centres are included,
the majority of patients (62%) were recruited from the
Edinburgh Cancer Centre. Data from a proportion of
these patients were included in a subgroup of a previous
study assessing the prognostic role of a more limited range
of biomarkers of systemic inflammation in patients pre-
senting with MUO." Despite this, 52% of patients inves-
tigated herein are novel. This study also benefits from its
prospective design and the use of a validation cohort to
reinforce statistically significant results of the investiga-
tory cohort. Although an internal validation cohort was
used, it was derived randomly from the entire population
to ensure that the cohorts were balanced with respect to
recruitment centres, their varying referral pathways and
the proportion of favourable-risk patients. We also high-
light those patients included in this study followed the UK
guidelines for the definition of CUP, including only pa-
tients with cCUP who had been formally reviewed by an
oncologist with a specialist interest in CUP." Further, we
note that the results of this study may not be generalizable
to other races, ethnicities or countries which may have
differing treatment practices and should be confirmed in
other populations. Finally, we recognise that in studies
of CUP patients fit enough to receive SACT, treatment of
CUP is associated with better survival, but unfortunately
this data was not available for all patients in this cohort so
has not been investigated.

5 | CONCLUSIONS

Our findings demonstrate the prognostic utility of bio-
markers of systemic inflammation in patients with cCUP,

regardless of traditionally described clinicopathological
prognostic subgroup. We recommend that biomarkers
(CRP, SIPS or mGPS) are incorporated into routine clini-
cal assessments of patients with cCUP as a tool to aid in-
vestigation and/or treatment decision-making across all
groups. Established clinicopathological factors can then
be used to inform management pathways and specific
SACT selection.
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