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Inflammation is a well-known consequence of many traditional
cancer treatments that can serve to enhance antitumor immu-
nity and promote unwanted side effects. These side effects are
often sustained long after cancer treatment has ended and may
coincide with sustained chronic low-grade systemic inflamma-
tion that compromises the health of organs in the body and
central nervous system (CNS). Assessment of circulating cyto-
kines and their downstream products are considered to serve as
potential biomarkers for systemic inflammation, identifying
cancer survivors at risk of inflammation-associated disorders.
In relation to the CNS, inflammatory markers are associated
with cancer-related fatigue (1); anxiety and depression (2); and,
in some studies in women with breast cancer, with cancer-
related cognitive impairment (3), but the markers are not seen
in men and women with colorectal cancer (4). Despite our in-
creasing understanding of the association between inflamma-
tion and these brain-related side effects, we know far less about
the effects of specific cancer treatments on inflammatory
markers.

We congratulate Bower et al. (5) for conducting the RISE
study, with the most recent analysis aiming to fill knowledge
gaps by comparing the trajectory of change of circulating in-
flammatory markers between breast cancer patients receiving
standard anticancer therapies. The data are part of a larger lon-
gitudinal study investigating cancer-related fatigue in women
with stage 0-IIIA breast cancer assessed prior to starting adju-
vant or neoadjuvant treatment, approximately 2 weeks after
completion of radiation and/or chemotherapy in those who re-
ceived it, and 6, 12, and 18 months later. Six pro-inflammatory
markers were assessed in plasma (tumor necrosis factor–a, in-
terleukin [IL]–6, IL-8, soluble tumor necrosis factor receptor type
II, interferon-c, and C-reactive protein [CRP]) in 192 (71%) of the
RISE participants, with the primary aim of evaluating the im-
pact of radiotherapy and chemotherapy on the inflammatory
markers (6). When considered broadly, the findings support the
contention that inflammation can be sustained above baseline

levels for months to years following cancer treatment despite
tending to decline posttreatment. Although comparisons by
treatment are limited by the sample size, particularly in the
chemotherapy-only group (n¼ 18), the most profound increases
occurred in patients receiving chemotherapy or a combination
of chemotherapy and radiation. In contrast, no statistically sig-
nificant changes from baseline were observed for patients who
received no radiotherapy or chemotherapy or who had radio-
therapy alone.

The longitudinal nature of the study (5) is a major strength,
with baseline samples collected prior to (neo)adjuvant treat-
ment. It would have been preferable to exclude participants
with stage 0 from the study (or report their results separately),
as inflammation may be different in this group, because they do
not have invasive cancer, and many do not receive treatment
beyond surgery. It is not possible to determine the number of
participants with stage 0 vs stage I, as the 2 groups are com-
bined. Additionally, it would have been interesting to have
assessed blood samples prior to surgery (other than in the neo-
adjuvant group [n¼ 19]), as surgery also induces inflammation
that may be variable depending on the invasiveness of the pro-
cedure and may contribute to the variability in baseline levels of
almost all inflammatory markers between groups. As acknowl-
edged by the authors, the addition of a noncancer control group
with inflammatory markers taken at the same time intervals
would have further aided interpretation of the findings.

Bower et al.’s (5) findings suggest that chronic low-grade in-
flammation, as opposed to robust acute inflammatory
responses to treatment events, may be responsible for
inflammation-associated diseases in survivors after treatment.
For instance, with the notable exceptions of IL-8 and CRP, cyto-
kine responses tended to peak in immediate response to treat-
ment, after which they largely resolved without ever quite
returning to baseline. Thus, cytokine and CRP concentrations
remained mildly elevated but within the normal range. For in-
stance, all samples have CRP values less than 3 mg/L, the typical
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clinical cutoff range for inflammation possibly because levels of
IL-6, CRP’s inducer, stayed as low as the median values of con-
trols in a 2016 meta-analysis of IL-6 levels in cancer patients (7).
However, these low levels of CRP are in contrast with a previous
study showing mean CRP levels in 734 breast cancer survivors
to be much higher (and above the clinical cutoff) 31 months af-
ter diagnosis, which along with serum amyloid A, was associ-
ated with poorer overall survival and disease-free survival (8).
Again, the addition of a control group could help determine
whether, although inflammatory markers remain relatively
low, they are still elevated compared with age-matched individ-
uals without a cancer history.

Although CRP and cytokine levels in Bower et al.’s (5) study are
lower than expected, the persistent low-grade canonical cytokine
elevations reported are consistent with findings in noncancer
populations that have demonstrated associations between mod-
erate cytokine levels and disorders of the CNS with cognitive, de-
pressive, and anxiety symptoms. This suggests we may gain
mechanistic insights from research conducted in other disease
types. The difference is that we can infer causation from the sin-
gular or combined treatment events experienced by cancer
patients. The majority of cytokines that Bower et al. measured are
induced predominantly or partially via the nuclear factor kappa B
(NF-KB) transcription pathway. Studies in patients with schizo-
phrenia who, apart from psychosis, share several anxiety, depres-
sion, and cognitive symptoms with cancer patients, have
identified a subgroup of patients that exhibit elevated brain and
blood cell NF-KB–mediated cytokines. These low-grade cytokine
elevations are explained by dysregulation of the NF-KB, including
reduced expression of NF-KB pathway inhibitors (9). Although
speculative, the similarities with cancer survivors in circulating in-
flammatory biophenotypes and related cognitive symptoms sug-
gest that we may benefit from evaluating the following in cancer
survivors: 1) characterization of potential differences in the molec-
ular pathways that regulate inflammation, 2) investigation into
the role of anti-inflammatory cytokines and inhibitory mediators
of inflammation, and 3) investigation of the response of circulat-
ing blood cells to inflammatory stimuli. Bower et al.’s (5) compel-
ling findings direct us toward an exciting opportunity to look
beyond inflammatory biomarker assessment and toward func-
tion, response, and inhibition—and encourage us to seek new per-
spectives and creative solutions from other research fields.

In addition to providing a platform for new approaches and
discoveries regarding the measurement of inflammatory bio-
markers in cancer patients, Bower et al.’s (5) work clarifies the
need for a greater understanding of the role and nature of in-
flammation in other cancer populations. Like this study, most
studies evaluating longitudinal changes in inflammation have
been in white women with early-stage breast cancer. It is timely
to investigate this in more diverse demographic groups, includ-
ing men and women with other tumor types, different stages of
disease, and various anticancer treatments. Our own longitudi-
nal study evaluating inflammatory markers in colorectal cancer
survivors found high cytokine levels prior to any chemotherapy
(greatest in those with higher stage disease) and persistently el-
evated cytokine levels at 12 months, compared with healthy
controls (4). At a median follow-up of 91 months, there was no
evidence that baseline cytokines, or differential ratios of blood
components (including neutrophil-to-lymphocyte ratio), taken
prior to any chemotherapy and/or radiotherapy, were associ-
ated with disease-free survival or overall survival (10). Long-
term follow-up 6-12 years after diagnosis in a small subgroup

found no difference in CRP levels between healthy controls and
the cancer survivors (11). These findings highlight that degree
of inflammation and risk of inflammation-associated disease is
likely to differ between tumor types and treatments.

Another direction for investigation is related to the evolving
treatment landscape. For example, an increasing number of
women are receiving T-DM-1. Given there are more prevalent
and severe toxicities associated with T-DM1 compared with
Trastuzumab (12), future research could explore the relation-
ships between receipts of T-DM1 and inflammatory markers.

As the RISE study focuses on fatigue and longitudinal design
(5), we await with interest the results regarding any correlation
between inflammatory markers and fatigue trajectory.

Funding

No funding was used for the writing of this editorial.

Notes

Role of the funder: Not applicable.

Disclosures: The authors have no disclosures to declare.

Author contributions: AKW, RJC, JLV: writing—original draft,
writing—review & editing.

Data Availability

No new data were generated or analyzed for this editorial.

References
1. Bower JE, Ganz PA, Irwin MR, Kwan L, Breen EC, Cole SW. Inflammation and

behavioral symptoms after breast cancer treatment: do fatigue, depression,
and sleep disturbance share a common underlying mechanism? J Clin Oncol.
2011;29(26):3517-3522.

2. Manigault AW, Ganz PA, Irwin MR, Cole SW, Kuhlman KR, Bower JE.
Moderators of inflammation-related depression: a prospective study of
breast cancer survivors. Transl Psychiatry. 2021;11(1):615.

3. Lyon DE, Cohen R, Chen H, et al. Relationship of systemic cytokine concen-
trations to cognitive function over two years in women with early stage
breast cancer. J Neuroimmunol. 2016;301:74-82.

4. Vardy JL, Dhillon HM, Pond GR, et al. Cognitive function in patients with colo-
rectal cancer who do and do not receive chemotherapy: a prospective, longi-
tudinal, controlled study. J Clin Oncol. 2015;33(34):4085-4092.

5. Bower JE, Ganz PA, Irwin MR, et al. Do all patients with cancer experience fa-
tigue? A longitudinal study of fatigue trajectories in women with breast can-
cer. Cancer. 2021;127(8):1334-1344.

6. Bower JE, Ganz PA, Irwin MR, et al. Acute and chronic effects of adjuvant ther-
apy on inflammatory markers in breast cancer patients. J Natl Cancer Inst
Cancer Spectr. 2022. doi:10.1093/jncics/pkac052.

7. Lippitz BE, Harris RA. Cytokine patterns in cancer patients: a review of the
correlation between interleukin 6 and prognosis. Oncoimmunology. 2016;5(5):
e1093722.

8. Pierce BL, Ballard-Barbash R, Bernstein L, et al. Elevated biomarkers of in-
flammation are associated with reduced survival among breast cancer
patients. J Clin Oncol. 2009;27(21):3437-3444.

9. Murphy CE, Lawther AJ, Webster MJ, et al. Nuclear factor kappa B activation
appears weaker in schizophrenia patients with high brain cytokines than in
non-schizophrenic controls with high brain cytokines. J Neuroinflamm. 2020;
17(1):215.

10. Vardy JL, Dhillon HM, Pond GR, Renton C, Clarke SJ, Tannock IF. Prognostic in-
dices of inflammatory markers, cognitive function and fatigue for survival in
patients with localised colorectal cancer. ESMO Open. 2018;3(2):e000302.

11. Vardy JL, Pond GR, Cysique LA, et al. Lack of cognitive impairment in long-
term survivors of colorectal cancer. Support Care Cancer. 2022;30(7):6123-6133.

12. von Minckwitz G, Huang CS, Mano MS, et al. Trastuzumab emtansine for re-
sidual invasive HER2-positive breast cancer. N Engl J Med. 2019;380(7):617-628.

2 of 2 | JNCI Cancer Spectrum, 2022, Vol. 6, No. 4

https://doi.org/10.1093/jncics/pkac052



