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To the editor.  

The uncertainty regarding the impact of treatment for 
cancer on the outcome of COVID-19 led to an initial 
freeze on more intensive approaches to treatment.1-3 
However, the impact of SARS-CoV-2 itself on the 
outcome of cancer is barely known, despite some 
speculation regarding its direct impact on cancer 
progression.4-6 In this regard, we carried out a single-
center observational study over two years on the impact 
of COVID-19 on disease relapse in patients with 
hematological malignancies supplemented by limited 
immunological correlation.   

All patients in the age group of 10-70 years who 
responded to the treatment of their primary 
hematological cancer during the period between March 
2020 and December 2021 and were in active follow-up 
from 1-Mar-2020 to 31-Mar-2022, with a minimum 
follow-up of six months after the achievement of 
complete remission were included in the study. The 
Institutional Review Board approved the study (DNSH-
EC-270622), and written informed consent was obtained 
from all participants. Data collection, compilation and 
analysis were carried out after the completion of the 
observation period. Only those with complete 
morphological, anatomical, or metabolic remission for 
acute leukemia and lymphoma and at least a very good 
partial response for myeloma were included in the study. 
Any patient with interruption of definitive therapy for 
more than four weeks or those who succumbed to 
COVID-19 or relapsed within 30 days of the diagnosis 
were excluded from the study (2). Relapse or disease 
progression was diagnosed for individual disease 
entities based on standard criteria.  

All patients included in the study had 
nasopharyngeal swabs evaluated for SARS-CoV-2 by 
reverse transcriptase-polymerase chain reaction (RT-
PCR) upon developing symptoms suggestive of 
COVID-19 or following unprotected contact with an 
individual with COVID-19, either at home or in the 

hospital. COVID-19 was diagnosed, and its severity was 
graded according to established criteria.7 

As part of a simultaneous ongoing project, 
immunological parameters related to T and NK cell 
subsets were sequentially monitored by flow cytometry 
in patients undergoing allogeneic HCT. During the 
study period, these evaluations were extended to a 
cohort of non-HCT patients developing COVID-19. 
Details of the procedure have been described 
previously.7-9 The following antibodies were used for 
phenotypic analysis: CD3(APC-H7, SK-7) CD16 (PE-
Cy7, B73.1), CD56 (APC R700, NCAM16.2), CD57 
(BV605, NK-1), NKG2A (PE-Cy7, Z199), CD4 (APC-
H7), CD8 (Per-CP Cy), CD45RA (FITC), CD45RO 
(BV605), CD279 (PD-1, BV605) from BD Biosciences, 
(San Jose, CA) and NKG2C (PE, REA205) from 
Miltenyi Biotec, Germany. Flow cytometry was 
performed using 10 colour flow cytometry (BD 
FACSLyricTM) and the flow cytometry data were 
analyzed using FlowJo software. 

Binary variables were compared between the groups 
using the chi-square test. Continuous variables were 
analyzed using the independent sample t-test, which 
considers Levene’s test for equality of variances and 
non-parametric tests (Mann-Whitney U test). 
Probabilities of survival were estimated using the 
Kaplan-Meier product-limit method. The cumulative 
incidence rates of relapse were computed by censoring 
for competing risks using the Fine and Gray method 
(https://cran.rproject.org/web/packages/cmprsk/index.h
tml). Multivariate analysis was carried out using Cox 
regression analysis. All analyses were performed using 
statistical software IBM SPSS Statistics Version 24.0 
(Armonk, USA) and GraphPad Prism 9. 

A total of 144 patients were included in this study. 
Patient and disease characteristics are detailed in Table 
1. The median age of the cohort was 50 years (range, 10-
70). Acute leukemia or myelodysplastic syndrome, 
lymphoproliferative disorders, and myeloma accounted  
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Table 1. Patient Characteristics with respect to COVID-19 and relapse. 

  
COVID-19 

negative (N=121) 
COVID-19 

positive (N=23) 
p-value 

Hazard Ratio for 
relapse risk* 

(95%CI; p-value) 

Age (median, range) years 51 (10-70) 46 (12-65) 0.3 
0.99 

(0.97-1.1; p=0.63) 
Disease Type 
      Acute Leukemia/MDS 
      Myeloma/ Lymphoma 

 
51 
70 

 
11 
12 

 
0.9 

1.2 
(0.48-2.1; p=0.95) 

Disease Risk Index 
       Low 
       Intermediate 
       High/Very High 

 
8 

44 
69 

 
3 
5 
15 

 
1.0 

 

0.98 
(0.54-1.8; p=0.99) 

Gender (Male/Female) 73/48 15/8 0.3 
1.3 

(0.67-2.5; P=0.41) 

HCT 
Allogeneic (HFD/MFD) 

       Autologous 

41 
37 

34/3 
4 

10 
8 

7/1 
2 

0.9 
0.23 

(0.1-0.5; p=0.001) 

     

Relapse 31 14 0.0001 --- 

COVID-19 --- --- --- 
4.8 

(2.4-9.5; p=0.001) 

Abbreviations. AML: Acute Myeloid Leukemia; ALL: Acute Lymphoblastic Leukemia; HCT: Hematopoietic Cell Transplantation; HFD: 
Haploidentical Family Donor; MDS: Myelodysplastic Syndrome; MFD: Matched Family Donor. *Multivariate analysis. 
 
for 43%, 39%, and 18%, respectively. All patients had 
achieved a CR following first-line therapy and were not 
on active therapy when enrolled in the study. The only 
exception was those with myeloma, who had achieved 
at least a VGPR (n=12) and were on oral maintenance 
therapy with lenalidomide or thalidomide. Based on 
DRI scoring, 58%, 35%, and 7% of the patients had a 
high-risk or very-high risk (DRI-high) intermediate risk 
and low-risk disease (DRI-non-high), respectively. Of 
the 84 patients in the DRI-high cohort, 45 underwent 
allogeneic hematopoietic cell transplantation (HCT) 
(HLA-haploidentical-41; HLA-matched-4), and six 
underwent an autologous HCT. Minimal residual 
disease was not considered for analysis as all patients 
with acute leukemia or MDS were MRD-positive at the 
time of HCT. 

The incidence of COVID-19 was 18.9% (n=23; 95% 
CI, 15.3-22.5). Moderate to severe COVID-19 was 
documented in six of them (26%). The median duration 
of illness was 18 days (range,12-28). The overall 
incidence of relapse was 30.9% (45 patients). This was 
60.9% in those with COVID-19, compared to 25.2% in 
those without (Figure 1A, HR-3.6[1.9-6.8], p=0.0001). 
Relapse was not influenced by the severity of COVID-
19. There were no deaths directly related to COVID-19. 

Relapse tended to occur sooner in patients with 
COVID-19 (median 127 [range, 32-280] days vs 259 
[28-680] days in those without COVID-19, p=0.001). 
Patients were stratified as DRI-high (including high and 
very-high DRI) or DRI-non-high (including low and 
intermediate DRI). The effect of COVID-19 on relapse 
was more striking in the DRI-high group (64.3% vs 
20.1%, p=0.0001), but tended to be higher in the DRI-

non-high group as well (55.6% vs 32.5%, p=0.06). 
There was no influence of disease type on relapse with 
respect to COVID-19. 

There was no difference in the incidence of COVID-
19 between HCT and non-HCT patients (10/51 vs 13/93, 
p=0.5). The incidence of relapse was 22% in the HCT 
cohort, compared to 36.9% in the non-HCT cohort 
(p=0.06). There was no difference in relapse in the HCT 
group, stratified by COVID-19 (20.6% vs 21.0%, p=1.0, 
Figure 1B). However, in the non-HCT group, the 
incidence of relapse was 27.8% (22/80) in those without 
COVID-19, compared to 92.3% (12/13) in the COVID-
19 positive group (HR-8.9, 95% CI-4.2-18.9, p=0.0001, 
Figure 1C). There was no relation between DRI status 
or disease type and relapse incidence in the HCT group. 

On multivariate analysis (Table 1), COVID-19 was 
the only risk factor for relapse (HR-4.8, 95% CI-2.4-9.5; 
p=0.0001). On the other hand, HCT was associated with 
a protective effect against relapse with COVID-19 in the 
model (HR-0.37, 95% CI-0.2-0.7; p=0.007). 

The overall survival in patients with COVID-19 at 
two years was 82.6%, compared to 94.2% in those 
without COVID-19 (p=0.05). There was no difference 
in survival in the HCT cohort stratified by SARS-CoV-
2 exposure. However, in the non-HCT cohort, OS was 
significantly inferior in those with COVID-19 (69.2% 
VS 93.8%, P=0.003, Figure 1D).  

Longitudinal evaluation of PD1 expression on 
CD3+T cells and NKG2A expression on NK cells was 
carried out in 16 unselected patients from the COVID-
19 exposed cohort at 30-45 days and 60-90 days post-
infection; eight patients each from HCT and non-HCT 
groups. PD expression was also carried out during the  
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Figure 1. Cumulative Incidence of Relapse Stratified by COVID-19 and HCT status:  
(A) Overall relapse rates (n=45): 60.1% (COVID-19+) vs 25.2% (COVID-19-), p=0.0001. (B) HCT group (n=51): 21.0% (COVID-19+) vs 
20.6% (COVID-19-), p=0.9. (C) Non-HCT group (n=93): 92.3% (COVID-19+) vs 27.8% (COVID-19-), p=0.0001. (D) Overall survival 
stratified by COVID-19 infection and HCT status: In the non-HCT cohort (n=93), patients with COVID-19 experienced significantly lower 
overall survival (69.2% vs. 93.8%, p=0.003). 

 
same period in 10 COVID-19 non-exposed patients who 
received an allogeneic HCT at 30 and 60 days post-
HCT. Patients who relapsed within 60 days of either 
diagnosis of COVID-19 or the HCT procedure were not 
included in the analysis. 

Relapse was documented in eight of these 26 patients 
at a median of 86 days (range 68-152). PD1 (CD279) 
was significantly upregulated in CD3+T cells in those 
with relapse at day 30 (65.3±17.5 vs 22.8±17.2 
p=0.0001, Figure 2A) and day 60 (54.8±12.8 vs 
31±12.8, p=0.001, Figure 2A). A similar trend was 
noted in NK cells as well (Figure 2A), with regard to 
expression of the inhibitory NKG2A receptor at day 30 
(74.3±14.5 vs 57.5±15.4 p=0.01) and day 60 (66±16.5 
vs 46±16.9, p=0.01).  

While analyzing the propensity for the higher 
incidence of relapse in the COVID-19-exposed non-

HCT cohort, it was noted that PD1 expression was 
significantly upregulated in CD3+T cells in the COVID-
19+ non-HCT cohort at day 30 (60.6±11.2% vs. 
39.8±12.1% in COVID-19+ HCT cohort, p=0.01). PD1 
was persistently upregulated in the non-HCT cohort at 
day +60 compared to the COVID-19+ HCT cohort, 
where a reduction in PD1 expression was observed 
(Figure 2B, p=0.002).  

On the other hand, the COVID-19 negative HCT 
cohort showed a lower expression of exhaustion markers 
on both subsets of T cells at both days +30 and +60. The 
expression of PD1 was significantly lower compared to 
the COVID-19-exposed patients from both HCT and 
non-HCT cohorts at the day 30 assessment. This trend 
was sustained when compared with the COVID-19+ 
non-HCT cohort at day 60 (p <0.001) but not for the 
COVID-19+ HCT cohort (Figure 2B, p=0.2).  
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Figure 2. A) Longitudinal evaluation of exhaustion markers (PD1 on 
T cells and NKG2A on NK cells) in patients with relapse (n=8) (red 
triangles) and without relapse (n=18) (green circles) on day 30 and 
day 60 post-COVID-19 or post-HCT. (B) PD-1 expression on CD3+ 
T cells and (C) NKG2A expression on NK cells at days 30 and 60 
post-COVID-19 or post-HCT. Three cohorts were analyzed: 
COVID-19+ non-HCT (grey triangles), COVID-19+ HCT (green 
squares), and COVID-19- (red circles). Each symbol represents an 
individual patient, with horizontal lines indicating mean values. 
Statistical significance: ns = not significant, *p < 0.05, **p < 0.01, 
***p < 0.001. 
 

The median NKG2A expression at day 30 for the 
COVID-19 negative HCT cohort was 49.6%, compared 
to 64.4% (p=0.03) and 80.5% (p<0.0001) in the 
COVID-19 positive HCT and non-HCT cohorts 
respectively (Figure 2C). NKG2A expression reduced 
at day 60 in both HCT cohorts, 38% in the COVID-19 
negative (p=0.02) and 46.1% in the COVID-19 positive 
(p=0.004) cohorts. However, high NKG2A expression 

was sustained at a median of 79.5% in the non-HCT 
cohort at 60 days. Thus, the significant difference in 
NKG2A expression was sustained between the HCT and 
non-HCT groups (Figure 2C). There was no significant 
difference in the absolute lymphocyte count, T cell, or 
NK cell counts amongst patients with and without 
relapse at days 30 and 60. 

The rather strong correlation between COVID-19 
and disease relapse across all major types of 
hematological malignancy was indeed a revelation, as 
no study has addressed this issue until now. No 
predilection could be ascertained based on disease type 
or risk status, which could be due to the small sample 
size. However, the exclusion of subjects with early 
COVID-19-related mortality probably helped remove a 
confounding factor when attributing a cause-effect 
relation between COVID-19 and relapse. 

Two further observations raise the possibility of 
COVID-19 immunologically impacting the progression 
of diseases otherwise in clinical CR. The first is the 
compelling documentation of both T cell and NK cell 
exhaustion in COVID-19 patients, and the second is the 
protective effect of an allogeneic HCT in providing 
protection against sustained immune exhaustion. 
Exhaustion of T cells has been studied recently in 
patients with long-COVID-19, and sustained exhaustion 
has been implicated in protracted illness, which is noted 
in a subgroup of infected patients.10-12 We did observe 
sustained exhaustion in terms of the expression of PD-1 
on T cells and NKG2A on NK cells in those who 
subsequently relapsed. Even though the effect of 
COVID-19 on immune exhaustion was evident in 
recipients of allogeneic HCT as well, this effect was 
significantly less dramatic as well as less sustained than 
in those who were HCT-naïve. This brings to the fore 
the possible impact of COVID-19 on an immune system 
that has sustained the rigor of protracted anticancer 
therapy versus a rejuvenated immune system derived 
from a healthy allogeneic graft. The HCT protocol 
currently employed in our institution has been shown to 
have a salutary effect on reducing relapse incidence, 
which was mediated by ANK cells along with the 
absence of immune exhaustion.8 

Major limitations of the study are, of course, its 
retrospective nature and the small sample size. One 
might argue that the immunological correlates may have 
been a function of selectivity, and caution must be 
exercised in the extrapolation of these findings. The use 
of a wider array of exhaustion markers, such as TIM3, 
LAG3, or TIGIT, might have helped unravel the 
correlation better.11 The same might be said of the 
selection of NKG2A as a negative regulator of NK cell 
cytotoxicity. However, COVID-19 has been shown to 
upregulate NKG2A on NK cells and HLA-E, the 
cognate ligand on lung epithelial cells, leading to 
functional exhaustion of NK cells.13,14 While our group 
has demonstrated the adverse implications of the 

A 

B 
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upregulation of NKG2A on disease relapse,8,15 T-cell 
exhaustion has been shown to be a dominant pathway 
for immune escape and subsequent relapse.16 With the 
above considerations, there might be a case for anti-PD1 
therapy in patients at high risk of relapse following 
COVID-19. While there is no approved therapy for 
targeting NKG2A upregulated NK cells, our studies on 
the administration of heat-killed Mycobacterium w 
(Sepsivac, Cadila, India) as prophylaxis for COVID-19 

resulted in downregulation of NKG2A+NK cells.7 
Retrospective studies that are observational in nature 

might not provide the perfect answer, yet they might 
point in the right direction. Thus, the strong correlation 
between COVID-19 and relapse witnessed in relation to 
sustained immune exhaustion in the non-HCT cohort 
vis-à-vis a protective role of allogeneic HCT might 
prompt more studies with a deeper and better 
understanding of this phenomenon.
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