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Exploring the prognostic impact of absolute lymphocyte count
in patients treated with immune-checkpoint inhibitors
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BACKGROUND: The role of immune checkpoint inhibitors (ICl) expands but affordable and reproducible prognostic biomarkers are
needed. We investigated the association between baseline and 3-month absolute lymphocyte count (ALC) and survival for patients

on ICI.

METHODS: A retrospective study investigated patients who received ICl July 2014—August 2019. Survival probabilities were
calculated for lymphocyte subsets. Univariate and multivariate analyses were performed to investigate risk factors for lymphopenia.
RESULTS: Among 179 patients, median age was 62 and 41% were female. The most common diagnoses were melanoma (41%) and
lung cancer (40%). Median PFS was 6.5 months. 27% had baseline lymphopenia (ALC < 1 x 10°cells/L) and no significant difference
in PFS or OS to those with normal ALC. However, 31% had lymphopenia at 3 months and significantly shorter OS than those
without (9.8 vs 18.3 months, p < 0.001). Those with baseline lymphopenia who recovered counts at 3 months had no difference in
PFS (median NR vs 13.0 months, p =0.48) or OS (22 vs 18.3 months, p = 0.548) to those never lymphopenic. The strongest risk
factor for lymphopenia on multivariable analysis was previous radiation therapy (RT).

CONCLUSIONS: 3-month lymphopenia is a negative prognostic marker in cancer patients on ICI. Previous RT is significantly

associated with lymphopenia.
BJC Reports; https://doi.org/10.1038/s44276-024-00058-6

BACKGROUND

The use of immune checkpoint inhibitors (ICl) continues to
expand, with a wider range of indications [1] but still at significant
cost [2]. There is a persisting need for simple, affordable and
accessible predictors of response. While the use of ICI has
transformed outcomes for many cancers [3, 4], the majority of
patients still do not experience a tumour response [5].

Existing biomarkers of response, including PD-L1 status, tumour
mutational burden and mismatch repair status are inconsistently
predictive of response and not practical in all cases [6-9].

In parallel, interest has grown in the relevance of lymphopenia
in cancer. It has been known for decades that a significant
proportion of cancer patients with a history of systemic anti-
cancer therapy (SACT) or radiation treatment (RT) will develop
severe lymphopenia [10, 11], which is independently associated
with shorter survival in a range of cancers [12-16]. Other work has
explored related haematologic indices, such as the neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR). An
elevated NLR at baseline has consistently been associated with
poorer outcomes among cancer patients in general [16, 17],
and among those treated with immunotherapy in particular
[18-20]. A higher PLR has also been associated with inferior
survival, most commonly among lung cancer patients on ICI
[19, 21, 22].

We explored the relationship between absolute lymphocyte count
(ALC) and survival for patients on ICl. We analysed both ALC at

specified timepoints (baseline and three months) and change in ALC
as a dynamic biomarker over that period. In addition, we investigated
risk factors for lymphopenia in patients commencing ICL.

METHODS

A retrospective review of patients in Cork University Hospital and Mercy
University Hospital was performed, identifying any patients treated with at
least two doses of ICI for an approved indication over a 5-year period
between July 2014 and August 2019. Solid tumour types included non-
small cell lung cancer, melanoma, renal cell carcinoma, urothelial cancer,
Merkel cell carcinoma, cervical cancer and mismatch repair-deficient
(dMMR) colorectal and gastric cancer. We excluded patients who had
received chemoimmunotherapy combinations or who had received ICI for
haematologic malignancy. We gathered baseline demographic and
pathological characteristics, bloodwork at treatment initiation and
3 months, treatment history (including RT), survival data and recorded
treatment-related toxicities. PFS was measured from date of commence-
ment of ICl to date of tumour progression, death or last follow-up.
OS was measured from date of commencement of ICl to death or last
follow-up. The interval of imaging studies was at the discretion of the
individual oncologist but for most patients was approximately every
3 months.

Low ALC was graded according to the Common Terminology
Criteria for Adverse Events (CTCAE) version 5. Grades one and two
lymphopenia describe counts between the lower limit of normal and
0.5x 10°cells/L, with grades three and four describing counts below
0.5 x 10%cells/L.
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Survival probabilities and median survival with 95% confidence
intervals (Cl) were estimated according to the Kaplan-Meier method
and compared using log-rank tests. Univariate analyses were conducted
with Fisher's exact test. Multivariable analyses were carried out with
binary logistic regression. A time-varying Cox proportional hazards
regression model was used to estimate the impact of the time-
dependent changes in the ALC on survival. P values of less than 0.05
were considered statistically significant. All statistical analyses were
carried out using SPSS (version 26; IBM Corp., Armonk, NY). Ethical
approval for the study was obtained from the Clinical Research Ethics
Committee of the Cork Teaching Hospitals.

Table 1. Patient characteristics.
number %
Total 179 100
Male/Female
Male 105 59
Female 74 41
Age (years)
<50 29 16
50-75 130 73
>75 15
Unknown 5
Tumour type
NSCLC 71 40
Melanoma 74 Zyl
RCC 23 13
Urothelial 2 1
Other? 9 5

Table of patient demographic and tumour characteristics.

NSCLC non-small cell lung cancer, RCC renal cell carcinoma.

?Colorectal carcinoma, Merkel cell carcinoma, cervical carcinoma, gastric
carcinoma, cutaneous squamous cell carcinoma.

Table 2. Treatment details.

Number %

Total 179 100
PD1 inhibitors

Nivolumab 72 40

Pembrolizumab 89 50

Other® 18 10
Prior RT

Yes 58 32

No 121 68
Prior cytotoxic

Yes 63 35

No 116 65
Prior SACT

Yes 101 56

No 78 44
Prior ipilimumab

Yes 23 31

No 51 69

Treatment modality received and prior treatment history.
®Other: Atezolizumab, nivolumab/ipilimumab, durvalumab, cemiplimab,
avelumab.

RESULTS

Between July 2014 and August 2019, 179 patients who met the
inclusion criteria were identified. Their baseline characteristics are
summarised in Table 1. Median age at diagnosis was 62 years
(range 19 to 83). Seventy-four (41%) were female. The most
common cancers were melanoma (74, 41%) and lung cancer (71,
40%).

Treatment details are summarised in Table 2. Fifty-eight (32%)
had received prior RT and 101 (56%) had received prior SACT.
Regarding SACT, 63 (35%) had received prior cytotoxic che-
motherapy. A history of ipilimumab therapy would only have been
applicable in the setting of the 74 melanoma patients, of whom 23
(31%) had a history of ipilimumab treatment. The median number
of prior regimens was 1 (range 1 to 3).

Regarding the specifics of the ICl treatment, 89 (50%) received
pembrolizumab, 72 (40%) received nivolumab, 8 (5%) received
atezolizumab, 7 (4%) received combined nivolumab/ipilimumab
and one patient each (1%) received durvalumab, avelumab and
cemiplimab. Median duration on therapy was 5.5 months (range
0.5 to 50.9).

Median follow-up time was 10.6 months with longest follow-up
time of 56 months. One hundred patients (56%) had progression
at some point, with median PFS 6.5 months (range 0.5 to
56.3 months). Eighty-four patients (47%) died during the study
period.

Regarding bloodwork, baseline and 3-month ALC are sum-
marised in Fig. 1. 49 patients (27%) had a ALC of less than
1x 10°cells/L at baseline (grade 1 and 2), and 8 (5%) had a ALC of
less than 0.5 x 10%cells/L (grade 3 and 4). At 3 months, 56 (31%)
had a ALC of less than 1x 10°cells/L, and 13 (7%) had a ALC
less than 0.5x 10° cells. Those with a history of RT had higher
rates of lymphopenia: 30 of 58 (52%) were lymphopenic
at baseline and 6 (10%) were severely lymphopenic. At 3 months,
28 (48%) were lymphopenic and 9 (16%) were severely
lymphopenic.

With regard to the relationship between ALC and survival,
outcomes are summarised in Table 3. Initially, outcomes were
examined based on ALC at baseline and at 3 months. We found
that those with baseline ALC of less than 1x 10°cells/L had no
significant difference in median PFS (6.5 vs 10.8 months,
p=0.482) or OS (124 vs 17.5 months, p=0.281) (Fig. 2a)
compared to those who were not lymphopenic. However, those
who were lymphopenic at 3 months from treatment initiation had
a significantly shorter PFS (5.3 vs 15.1 months, p =0.005) and OS
(9.8 vs 183 months, p=0.001) than those who were not
lymphopenic at 3 months (Fig. 2b). To account for the possible
influence of immortal time bias on this outcome, a Cox regression

Change in proportion of patients with lymphopenia

100%
80%
60%
40%
20% |
0% — |
Baseline 3 months
m <05 m051-1.0 =>1.0
Fig. 1 Change in proportion of patients with lymphopenia.

Stacked barchart demonstrating percentage of cohort with normal
ALCs, with decreased lymphocytes 0.51-1.0 x 10°cells/L and with
lymphocytes less than 0.5 x 10°cells/L, at baseline and at 3 months
from treatment initiation.
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Fig.2 Kaplan-Meier survival plots for lymphocyte subsets. a Plot comparing patients with no baseline lymphopenia to those with baseline
lymphopenia (<1 x 10°cells/L). b Plot comparing those who were lymphopenic at 3 months to those who were not. ¢ Plot comparing patient
groups NN, LN, NL, LL. ALC absolute lymphocyte count, NN normal ALC at baseline and at 3 months. LN low ALC at baseline, normal at
3 months. NL normal ALC at baseline, low at 3 months. LL low ALC at baseline and at 3 months.

analysis incorporating ALC as a time-dependent covariate was Subsequently, outcomes were analysed according to change in
undertaken. This found that the difference in PFS did not reach ALC over time. We grouped patients according to ALC at baseline
statistical significance (p =0.079) but the difference in OS was and 3 months: NN (normal at baseline and three months), NL
significant (p < 0.001). (normal at baseline, lymphopenic at 3 months), LN (lymphopenic
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at baseline, normal at 3 months), LL (lymphopenic at baseline and
at 3 months). Figure 2c is a Kaplan-Meier curve comparing
outcomes between these four groups.

Of note, when analysis was limited to LN and NN patients only,
it was found there was no significant difference in PFS (NR vs
13.02 months, p = 0.48). In addition, NL patients had no significant
difference in PFS from LL patients (4.3 vs 5.3 months, p = 0.708).

When analysis was limited to those with lymphopenia grade 3
and 4 (<0.5 x 10°cells/L), there were similar findings to all-grade
lymphopenia. Those with severe lymphopenia at baseline had no
significant difference in PFS compared to those without, but those
with severe lymphopenia at 3 months had significantly shorter
PFS than those without (3.6 vs 10.9 months, p = 0.026). This was
further explored with a Cox regression analysis incorporating
presence of severe lymphopenia as a time-dependent covariate.
This found that the difference in PFS did not reach statistical
significance (p =0.214) but the difference in OS was significant
(p =0.006). This difference in OS remained significant on multi-
variable analysis incorporating age, sex, histologic subtype,
previous RT, previous SACT, ICl type and whether the patient
had an irAE.

On univariate analysis, a history of RT was significantly
associated with baseline lymphopenia (p <0.0005) but a history
of SACT did not have such an association. Similarly, a history of RT
was significantly associated with lymphopenia at 3 months
(p =0.001) but a history of SACT was not.

A logistic regression model that incorporated age, sex,
histologic subtype, previous RT, previous SACT, prior ipilimumab,
ICl type, and whether the patient had an irAE was used to identify
significant predictors of lymphopenia. Lymphopenia at baseline
was significantly associated with prior RT with an OR 7.78
(p<0.0005) and with advancing age with an OR 1.065
(p =0.004), indicating that for every year of advancing age,
patients were 1.065 times more likely to be lymphopenic at
baseline.

Regarding lymphopenia at 3 months, prior RT had a smaller
effect that was still significant (OR 3.28, p=0.002) as did
advancing age (OR 1.038, p = 0.029). Sex, histologic subtype, prior
SACT and the presence of irAE were not found to have a
significant association with the presence of lymphopenia.

DISCUSSION
We describe the relationships between ALCs and survival
outcomes for 179 patients treated with ICI in two hospitals.

This two-institution, retrospective study has found that, while
baseline ALC does not appear prognostic for those on ICl, all-grade
lymphopenia at 3 months is a significant negative prognostic
marker. This appeared to be true both for those who had been
lymphopenic at baseline, and those who had previously had
normal ALCs. Although both groups had inferior outcomes to
patients with normal 3-month ALCs, they did not differ
significantly from one another, reinforcing that the baseline count
is of less prognostic importance

Conversely, while those who were not lymphopenic at any
point may reasonably have been predicted to have had the best
outcomes, they in fact did not differ significantly from patients
with baseline lymphopenia who recovered counts at 3 months.
These findings were consistently true when the analysis was
limited to those with severe lymphopenia (grade three and four).

Consistent with previous work in the area, it was found that one
of the strongest predictors of future lymphopenia was a history of
RT, whereas a history of SACT did not have a significant impact
[23]. The relationship with a history of RT was found with ALC both
at baseline and 3 months, and when controlling for other factors.
Advancing age also had a significant association with lymphope-
nia at both points, although with a smaller effect size.
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The mechanism by which lymphopenia could cause poorer
survival for patients on ICl has not been conclusively established.
Possible explanations include the central role of lymphocytes in
the immunological synapse; that the low ALC could be associated
with a pre-existing immunosuppressed condition, leading to an
inadequate immunological reaction [13]; lymphopenia could
represent inflammation or other factors associated with advanced
disease, and therefore be a surrogate marker of poor prognosis
[15]; or that lymphopenia could represent immune exhaustion,
with attenuated anti-tumour effect [24].

The value of ALC as a prognostic marker after initiation of ICl
has previously been investigated. In the setting of anti-CTLA-4
antibodies, both decline in ALC after initiation of ipilimumab (any
negative ALC slope) [25] and drop below an absolute threshold
(<1 x 10%cells/L) [26] have been associated with inferior survival.
Low ALC after treatment initiation has also been associated with
inferior survival in the setting of anti-PD(L)1 antibodies [15, 27]. It
is not clear why ALC after treatment initiation would perform
better as a prognostic marker than ALC at baseline. This may be
because baseline low ALC reflects more transient toxicity from
recent treatment (such as RT) whereas ALC at an interval after
treatment initiation reflects more advanced disease or more
persistent toxicity.

Grossman et al. have previously found that, 2 months after
initiating chemoradiation, 43% of patients had severe and
persistent lymphopenia (<0.5 x 10%cells/L) [12]. While our rates
of severe lymphopenia at baseline were lower than this, our study
population was different in that it was not uniquely composed of
patients with a history of combined chemoradiation. Lymphope-
nia following chemoradiation has also been identified as a poor
prognostic marker for those who subsequently go on to
consolidative immunotherapy, conferring a worse PFS than in
non-lymphopenic patients [28].

Various characteristics of RT have been associated with poorer
outcomes. Multiple courses of RT, multiple irradiated sites and
high RT doses (=50 Gy in 2 Gy equivalent doses) have previously
been found to increase risk of lymphopenia in a multivariate
analysis [29]. A further study looking specifically at the impact of
palliative RT in cancer patients starting immunotherapy found
extracranial or prolonged courses of RT to be associated with
severe lymphopenia (OR 3.7, p = 0.001 and OR 3.9, p = 0.001), and
subsequently with poorer survival on ICI (HR 2.1, p =0.03) [30].

This study has several limitations. It is a retrospective study,
which was dependent on completeness of patient records and
cannot control for patient selection. Data is from two institutions
only, and therefore subject to the risk of local influences. It may
also be subject to time bias: patient data is included from as early
as 2014, when immunotherapy was less frequently used in the first
line setting, which may have had an impact on outcomes
recorded. However, the choice of time period during which data
was collected also has some strengths: as patients were mostly
treated with single-agent ICI regimens at that time rather than
combination chemotherapy-ICl approaches, the results are not
distorted by the effect of concurrent chemotherapy.

The dose and site of radiotherapy was not recorded, but
radiation was predominantly palliative in intent.

CONCLUSION

All-grade lymphopenia at 3 months from treatment initiation,
whether new or persisting, is a significant negative prognostic
marker for cancer patients on immunotherapy. Lymphopenia at
baseline does not have the same prognostic implications. A
history of RT is a significant risk factor for ymphopenia at baseline
and at three months from treatment initiation. Prospective
validation of these results is required among cancer patients on
immunotherapy.
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Comparison of ALC with NLR, PLR and other haematologic
indices in this and other cohorts would be of benefit to establish
the optimal prognostic biomarker.

In addition, it is unknown whether ALC during adjuvant
immunotherapy is also prognostic of outcome, and this merits
further investigation either prospectively or retrospectively.
Clinicians should be vigilant for early signs of progression in
those with a history of RT, and those with persisting or new
lymphopenia at 3 months from treatment initiation.

DATA AVAILABILITY
The datasets generated and analysed during the study are available from the
corresponding author on request.

REFERENCES

1. Smith SM, Wachter K, Burris HA 3rd, Schilsky RL, George DJ, et al. Clinical cancer
advances 2021: ASCO’s report on progress against cancer. J Clin Oncol.
2021;39:1165-84. https://doi.org/10.1200/jco.20.03420.

2. Leighl NB, Nirmalakumar S, Ezeife DA, Gyawali B. An arm and a leg: the rising cost
of cancer drugs and impact on access. Am Soc Clin Oncol Educ Book.
2021:e1-e12. https://doi.org/10.1200/edbk_100028.

3. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi T, Fulop A. et al. Five-year
outcomes with pembrolizumab versus chemotherapy for metastatic non-small-
cell lung cancer with PD-LT tumor proportion score >/= 50. J Clin Oncol.
2021;39:2339-49. https://doi.org/10.1200/JCO.21.00174.

4. Hodi FS, Chiarion-Sileni V, Gonzalez R, Grob JJ, Rutkowski P, Cowey CL, et al.
Nivolumab plus ipilimumab or nivolumab alone versus ipilimumab alone in
advanced melanoma (CheckMate 067): 4-year outcomes of a multicentre, ran-
domised, phase 3 trial. Lancet Oncol. 2018;19:1480-92. https://doi.org/10.1016/
S$1470-2045(18)30700-9.

5. Haslam A, Prasad V. Estimation of the percentage of US patients with cancer who are
eligible for and respond to checkpoint inhibitor immunotherapy drugs. JAMA Netw
Open. 2019;2:2192535. https://doi.org/10.1001/jamanetworkopen.2019.2535.

6. Chan TA, Yarchoan M, Jaffee E, Swanton C, Quezada SA, Stenzinger A, et al.
Development of tumor mutation burden as an immunotherapy biomarker: utility
for the oncology clinic. Ann Oncol. 2019;30:44-56. https://doi.org/10.1093/
annonc/mdy495.

7. Baretti M, Le DT. DNA mismatch repair in cancer. Pharmacol Ther.
2018;189:45-62. https://doi.org/10.1016/j.pharmthera.2018.04.004.

8. Gibney GT, Weiner LM, Atkins MB. Predictive biomarkers for checkpoint inhibitor-
based immunotherapy. Lancet Oncol. 2016;17:e542-e51. https://doi.org/10.1016/
$1470-2045(16)30406-5.

9. Duffy MJ, Crown J. Biomarkers for predicting response to immunotherapy with
immune checkpoint inhibitors in cancer patients. Clin Chem. 2019;65:1228-38.
https://doi.org/10.1373/clinchem.2019.303644.

10. Raben M, Walach N, Galili U, Schlesinger M. The effect of radiation therapy on
lymphocyte subpopulations in cancer patients. Cancer. 1976;37:1417-21.

11. Newman GH, Rees GJ, Jones RS, Grove EA, Preece AW. Changes in helper and
suppressor T lymphocytes following radiotherapy for breast cancer. Clin Radiol.
1987;38:191-3. https://doi.org/10.1016/50009-9260(87)80032-6.

12. Grossman SA, Ellsworth S, Campian J, Wild AT, Herman JM, Laheru D, et al.
Survival in patients with severe lymphopenia following treatment with radiation
and chemotherapy for newly diagnosed solid tumors. J Natl Compr Canc Netw.
2015;13:1225-31. https://doi.org/10.6004/jnccn.2015.0151.

13. Ray-Coquard |, Cropet C, Van Glabbeke M, Sebban C, Le Cesne A, Judson |, et al.
Lymphopenia as a prognostic factor for overall survival in advanced carcinomas,
sarcomas, and lymphomas. Cancer Res. 2009;69:5383-91. https://doi.org/10.1158/
0008-5472.CAN-08-3845.

14. Ceze N, Thibault G, Goujon G, Viguier J, Watier H, Dorval E, et al. Pre-treatment
lymphopenia as a prognostic biomarker in colorectal cancer patients receiving
chemotherapy. Cancer Chemother Pharmacol. 2011;68:1305-13. https://doi.org/
10.1007/500280-011-1610-3.

15. Diehl A, Yarchoan M, Hopkins A, Jaffee E, Grossman SA. Relationships between
lymphocyte counts and treatment-related toxicities and clinical responses in
patients with solid tumors treated with PD-1 checkpoint inhibitors. Oncotarget.
2017;8:114268-80. https://doi.org/10.18632/oncotarget.23217.

16. Menetrier-Caux C, Ray-Coquard |, Blay JY, Caux C. Lymphopenia in cancer
patients and its effects on response to immunotherapy: an opportunity for
combination with cytokines? J Immunother Cancer. 2019;7:85. https://doi.org/
10.1186/540425-019-0549-5.

17. Cupp MA, Cariolou M, Tzoulaki I, Aune D, Evangelou E, Berlanga-Taylor AJ.
Neutrophil to lymphocyte ratio and cancer prognosis: an umbrella review of
systematic reviews and meta-analyses of observational studies. BMC Med.
2020;18:360. https://doi.org/10.1186/512916-020-01817-1.

18. Hwang M, Canzoniero JV, Rosner S, Zhang G, White JR, Belcaid Z, et al. Peripheral
blood immune cell dynamics reflect antitumor immune responses and predict
clinical response to immunotherapy. J Immunother Cancer. 2022;10. https://
doi.org/10.1136/jitc-2022-004688.

19. Diem S, Schmid S, Krapf M, Flatz L, Born D, Jochum W, et al. Neutrophil-to-
Lymphocyte ratio (NLR) and Platelet-to-Lymphocyte ratio (PLR) as prognostic
markers in patients with non-small cell lung cancer (NSCLC) treated with
nivolumab. Lung Cancer. 2017;111:176-81.  https://doi.org/10.1016/
j.lungcan.2017.07.024.

20. Capone M, Giannarelli D, Mallardo D, Madonna G, Festino L, Grimaldi AM, et al.
Baseline neutrophil-to-lymphocyte ratio (NLR) and derived NLR could predict
overall survival in patients with advanced melanoma treated with nivolumab. J
Immunother Cancer. 2018;6:74. https://doi.org/10.1186/540425-018-0383-1.

21. Zhou K, Cao J, Lin H, Liang L, Shen Z, Wang L, et al. Prognostic role of the platelet
to lymphocyte ratio (PLR) in the clinical outcomes of patients with advanced lung
cancer receiving immunotherapy: a systematic review and meta-analysis. Front
Oncol. 2022;12:962173. https://doi.org/10.3389/fonc.2022.962173.

22. Li C, Wu J, Jiang L, Zhang L, Huang J, Tian Y, et al. The predictive value of
inflammatory biomarkers for major pathological response in non-small cell
lung cancer patients receiving neoadjuvant chemoimmunotherapy and its
association with the immune-related tumor microenvironment: a multi-center
study. Cancer Immunol Immunother. 2022. https://doi.org/10.1007/500262-
022-03262-w.

23. Campian JL, Ye X, Brock M, Grossman SA. Treatment-related lymphopenia in
patients with stage Il non-small-cell lung cancer. Cancer Invest. 2013;31:183-8.
https://doi.org/10.3109/07357907.2013.767342.

24. Schietinger A, Greenberg PD. Tolerance and exhaustion: defining mechanisms of
T cell dysfunction. Trends Immunol. 2014;35:51-60. https://doi.org/10.1016/
jit.2013.10.001.

25. Berman DM, Wolchok J, Weber J, Hamid O, O'Day S, Chasalow SD. Association of
peripheral blood absolute lymphocyte count (ALC) and clinical activity in patients
(pts) with advanced melanoma treated with ipilimumab. J Clin Oncol.
2009;27:3020. https://doi.org/10.1200/jco.2009.27.15_suppl.3020.

26. Ku GY, Yuan J, Page DB, Schroeder SE, Panageas KS, Carvajal RD, et al. Single-
institution experience with ipilimumab in advanced melanoma patients in the
compassionate use setting: lymphocyte count after 2 doses correlates with sur-
vival. Cancer. 2010;116:1767-75. https://doi.org/10.1002/cncr.24951.

27. Nakamura Y, Kitano S, Takahashi A, Tsutsumida A, Namikawa K, Tanese K, et al.
Nivolumab for advanced melanoma: pretreatment prognostic factors and early
outcome markers during therapy. Oncotarget. 2016;7:77404-15. https://doi.org/
10.18632/oncotarget.12677.

28. Friedes C, Chakrabarti T, Olson S, Prichett L, Brahmer JR, Forde PM, et al. Association of
severe lymphopenia and disease progression in unresectable locally advanced non-
small cell lung cancer treated with definitive chemoradiation and immunotherapy.
Lung Cancer. 2021;154:36-43. https://doi.org/10.1016/j.lungcan.2021.01.022.

29. Cho Y, Park S, Byun HK, Lee CG, Cho J, Hong MH, et al. Impact of treatment-
related lymphopenia on immunotherapy for advanced non-small cell lung can-
cer. Int J Radiat Oncol Biol Phys. 2019;105:1065-73. https://doi.org/10.1016/
jijrobp.2019.08.047.

30. Pike LRG, Bang A, Mahal BA, Taylor A, Krishnan M, Spektor A, et al. The impact of
radiation therapy on lymphocyte count and survival in metastatic cancer patients
receiving PD-1 immune checkpoint inhibitors. Int J Radiat Oncol Biol Phys.
2019;103:142-51. https://doi.org/10.1016/j.ijrobp.2018.09.010.

AUTHOR CONTRIBUTIONS
MC and SOR contributed to the study conception and design. Data collection and
analysis were performed by MC. The first draft of the manuscript was written by MC
and all authors commented on previous versions of the manuscript. All authors read
and approved the final manuscript.

COMPETING INTERESTS

RB reports travel funding from Bayer, Janssen, Ipsen, BMS and Pfizer. HOS reports
honoraria from Takeda and Amgen. SOR is Deputy Editor of this journal, and recused
himself from all decisions about this paper. The other authors have no relevant
financial or non-financial interests to disclose.

BJC Reports


https://doi.org/10.1200/jco.20.03420
https://doi.org/10.1200/edbk_100028
https://doi.org/10.1200/JCO.21.00174
https://doi.org/10.1016/S1470-2045(18)30700-9
https://doi.org/10.1016/S1470-2045(18)30700-9
https://doi.org/10.1001/jamanetworkopen.2019.2535
https://doi.org/10.1093/annonc/mdy495
https://doi.org/10.1093/annonc/mdy495
https://doi.org/10.1016/j.pharmthera.2018.04.004
https://doi.org/10.1016/S1470-2045(16)30406-5
https://doi.org/10.1016/S1470-2045(16)30406-5
https://doi.org/10.1373/clinchem.2019.303644
https://doi.org/10.1016/s0009-9260(87)80032-6
https://doi.org/10.6004/jnccn.2015.0151
https://doi.org/10.1158/0008-5472.CAN-08-3845
https://doi.org/10.1158/0008-5472.CAN-08-3845
https://doi.org/10.1007/s00280-011-1610-3
https://doi.org/10.1007/s00280-011-1610-3
https://doi.org/10.18632/oncotarget.23217
https://doi.org/10.1186/s40425-019-0549-5
https://doi.org/10.1186/s40425-019-0549-5
https://doi.org/10.1186/s12916-020-01817-1
https://doi.org/10.1136/jitc-2022-004688
https://doi.org/10.1136/jitc-2022-004688
https://doi.org/10.1016/j.lungcan.2017.07.024
https://doi.org/10.1016/j.lungcan.2017.07.024
https://doi.org/10.1186/s40425-018-0383-1
https://doi.org/10.3389/fonc.2022.962173
https://doi.org/10.1007/s00262-022-03262-w
https://doi.org/10.1007/s00262-022-03262-w
https://doi.org/10.3109/07357907.2013.767342
https://doi.org/10.1016/j.it.2013.10.001
https://doi.org/10.1016/j.it.2013.10.001
https://doi.org/10.1200/jco.2009.27.15_suppl.3020
https://doi.org/10.1002/cncr.24951
https://doi.org/10.18632/oncotarget.12677
https://doi.org/10.18632/oncotarget.12677
https://doi.org/10.1016/j.lungcan.2021.01.022
https://doi.org/10.1016/j.ijrobp.2019.08.047
https://doi.org/10.1016/j.ijrobp.2019.08.047
https://doi.org/10.1016/j.ijrobp.2018.09.010

ETHICS APPROVAL

Ethical approval to conduct this study was received from the Clinical Research Ethics
Committee (CREC) of the Cork Teaching Hospitals, reference number ECM 4 (cc) 12/
11/2019.

ADDITIONAL INFORMATION

Correspondence and requests for materials should be addressed to S. O'Reilly.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

BJC Reports

M.R. Conroy et al.

Open Access This article is licensed under a Creative Commons

BY Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024


http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Exploring the prognostic impact of absolute lymphocyte count in patients treated with immune-checkpoint inhibitors
	Background
	Methods
	Results
	Discussion
	Conclusion
	References
	Author contributions
	Competing interests
	ACKNOWLEDGMENTS
	Ethics approval
	ADDITIONAL INFORMATION




